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This document presents responses by Freeport-McMoRan Chino Mines Company (Chino) to comments
from the New Mexico Environment Department (NMED) Surface Water Quslity Bureau (SWQB) on the
Draft Site-Specific Copper Toxicity Model Report for the Smelter/Talling Soils Invastigation Unft (STSIU)
Drainages, dated July 1, 2013. The Draft Site-Specific Copper Toxicity Modet Report, dated March 2013,
was prepared to support the development of site-specific copper criterla that can be applied to STSIU
surface waters, pursuant to Section 20.8.4.10 part D of the New Mexico Administrative Code (NMAC).
This letter is organized to present a response fo each genera! comment received from NMED.

NMED Comment #1: The resuits of regression analysis and the model proposed present a significant
improvement on predicting Cu toxicity at the STISU and thus seem sultable for development of a Cu SSC.
While the report is not explictt, it appears that this mode! was selected based primarily on the very
impressive R°. We suggest the final analysis should consider other approaches and more broadly
consider what would be the most appropriate SSC. For example, it was discussed in the meeting how the
modei uses the ratio of hardness to alkalinity, not the measured concentrations. While the use of a ratio
works for the data collectad in this report, it may not apply to lower alkalinity waters which have a similar
ratio as they will nat have a similar protection from Cu toxicity. As such, if this mode! Is adopted It may be
approprizte to specify that it only applies to the range of alkalinity observed in this siudy.

Chino Response #1: Chino appreciates the feedback regarding possible approaches for deriving site-
specific criteria (SSC). The initial regression model, which included total organic carbon (TOC),
hardness/alkalinity ratio, and total dissolved solids (TDS) as model input parameters, was selected based
primarity on its R” value and by considering how each parameter is mechanistically related to agquecus
copper bloavailability and toxicity. Section 3.2.4 of the revised report provides a more formal discussion
of the various statistical criteria and chemistry refationships considered when evaluating and selecting

muitiple-regression model.

Based on discussions with NMED SWQB during the June 10, 2043 meeting in Santa Fe, New Mexico
concerning addttional stafistical evaluations and on the above comment regarding low alkalinity
concentrations, Chino proposes a new regression mode! that uses dissoived organic carbon {DOC) and
alkalinity as the model input parameters in the revised report. This new mode! is equivalent in ferms of
predictabllity compared to the initial mode! described above which used TOC, hardness/alkalinity, and
TOS as input parameters. Additionally, this new proposed model appears to be more reliable based on
the variance and model structure (i.e., similar predictive capabliity using fewer input parameters) and it is
consislent with the NMED suggestion to not use Ihe hardness/alkslinity ratio in the regression model.
Section 3.2.4 of the revised report describes how using measured concentrations of glkalinity instead of
the hardness/alkalinity ratio addresses uncertainty about low alkalinity concentrations and/or similar
hardness/akalinity ratios that can be derived from differing alkalinity concentrstions.
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The revised water effect ratio (WER) model was selected based on a step-wise muitiple linear regression
analysis that evaluated relationships between different combinations of water chemistry parameters and
Copper toxicity {Section 3.2.4 and Table 3 of the report). Other possible approaches including the copper
biotic ligand mode} (BLM) (Section 3.2.5), hardness-based criteria (Section 3.2.1), and application of a

. Another approach discussed Is to adjust the BLM which presently is systematically
under-protective. Again, the suggestion here Is not that one of these options is better that the modey
Proposed in the draft report but simply that these altermatives should be evaluaied to provide confidence
that the proposed model Is the most sclentifically defensible,

NMED Comment #3: The Cu model Presented in the report addresses site specific challenges, and
reduces the uncertainty associated with other approaches including hardness-based criteria and the BLM,

Ching Response #3: Section 4.2 of the revised report provides details fegarding the implementation of
the mode} {o derive and apply SSC to STSH waters, That section specifically describes siep-by-step how
1o apply the proposed WER model 1o derive &8 SSC, discusses the applicability of the approach to acute
and chronic SSC, and proposes the geographic extent for model application. Based on discussions
provided in Section 4.2, a brief summary of the recommendations for mode} implementation and

applicability follows.
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= Model implementatfon: The proposed approach for using the WER model to derive and apply
S5C {o STSIU weters was developed based on avallable WER guidance and based on current
procedures for calculating and applying the current hardness-based copper criteria. The
recommendation is to apply the model on a sample-by-sample basis (simflar to the hardness-
based criteria approach) to denve a SSC and evaluate compliance for a given sample, This is
accomplished by applying the WER model to the measured DOC and alkalinity concentrations
from a sample to calculate a SSC, Compliance is then evaluated by comparing the measured
copper concentrations from that sample to the derived SSC

*  Application to Acute and Chronic Criteria: Based on USEPA WER guidance, the proposed
approach can be used to derive both acute and chronic criteria. Water samples used in the WER
toxicity tests were collected from ephemeral pools assoclated with monsoon storn water runoff
and from intermittent and perennial pools; all WER toxicity tests were parformed using the acute
Daphnia magna toxicity test procedure. The USEPA WER guidance states that a WER derived
from acute toxicily tests can be applied to both acute and chronic criteria. The protectiveness
agalnst foxicity {and thus the value of the WER) is determined by the water chemistry, not by the
length of time surface water exists within a given drainage. Section 4.2.1 of the revised report
provides additional discussion of model application to acute and chronlc criteria.

=  Geographic Exient of Model Application: Chino believes the proposed regression-based model
can be applied to all of the STSIU drainages, provided the water chemistry is similar to the water
chemistry range from which the model was developed (see discussions in Section 4.2,2.3 of the
revised report). Chino does not believe that a mode! developed for STSIU waters should be
applied to the adjacent Hanover-Whitewater Creek (HWC}) drainage system because water
chemistry in HWC differs from water chemisiry in the STSIU waters, and because the
geomorphology, hydrology and surrgunding uplands also differ from the STSIU study area. In
conirast, because the model is developed from only STSIU samples collecled from locations with
relatively similar hydrology, geomorphology and upland vegetation characteristics, it can be
apptied to all drainages in the STSIU study area. Given the strong stalistical relatlonship
demonstrated between water chemistry and toxicity results, there is high confidence that
“predicted" results derived from the model are applicable to all of STSIU drainage locations.
Furthermore, the evaluation of STSIU chemistry ranges presented in Appendix E shows that
chemistry ranges used to develop the proposed model are representative of surface water
chemistry ranges measured o date in the STSIU area.

NMED Comment #4: We also recommend the final report address not only the adjustment of the Cu
criteria based on SSC ~ but also consider specific aquatic species that are present in the watershed,
and their sensitivity fo Cu to ensure that the revised standard is sufficiently protective. The final report
should consider the results of the 2008 USGS study by Litlle and Calfee, submiited to the US Fish
and Wildlife Service, which examined the toxicity of metals to the Chiricahua leopard frog. The study
recorded Lowest Observed Effect Concentrations from the 60-day "chronic” tests for copper at 0.047
mglL for development and length, and 0.007 mg/L for weight. Therefore, the Chino Mines study
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should consider whether the proposed regression model is consistent with these results, or otherwise
address whether the regression model, If applied to these waters, would be protective of
developmental stages of Chiricahua leopard frog. it is noted that while the Little and Calfee {2008)

Chino Resnonse #4: Appendix F of the revised report evaluates the protectiveness of the proposed
WER model approach 1o the Chiricahua leopard frog {CLF), based on the copper effect
concentrations reported in Little and Caffee (2008). In summary, Appendix F shows that the

further supports Chino's conclusion that the proposed approach Is protective to the CLF.

NMED Comment #5: Finelly, Chino Mines suggested that they may submit the final report far external
sclentific review and pubiication. Given the unique approach presented in the draft report, SWQRB
Supports publication in peer reviewed scientific literature as it will strengthen the basis for SSC in the

STISU
Chino Response #5. Chino plans to submit the study results and the proposed WER model report for

scientific review and publication by the end of 2013, foliowing SWQB's review of this revised
report. Based on this schedule, Chino expects final approval from the journat In April 2014,
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1. Introduction and Background

On December 23, 1994, Freeport-McMoRan Chino Mines Company (Chino) and the
New Mexico Emvironment Department {(NMED) Surface Water Quality Bureau (SWQB)
entered into an Administrative Order on Consent (AOC) to investigate historical
releases of potentially hazardous substances within the Chine Mine Imestigation Area
{IA), Grant County, New Mexico (the Site). The Smelter and Tailing Soll Investigation
Unit (STSIU) is one of the investigation units within the defined |A. By ietter dated
September 16, 2010, NMED specified the Pre-Feasibility Study (FS) Remedial Action
Criteria {RAC) for the STSIU. As one of the Pre-FS RAC, NMED required compliance
with New Mexico Standards for Interstate and intrastate Surface waters, 20.6.4 New
Mexico Administrative Code (NMAC) for risk to aquatic life for drainages within the
STSIU. The letter states that Pre-FS RAC for all constifuents equal 20.6.4 NMAC,
including ali approaches and tools listed in the Code that provide options for site-
specific application,

Copper is the primary contaminant of concemn in STSIU, and surface water in some
STSIU drainages has been determined fo exceed the aquatic life water quality criteria
in 20.6.4 NMAC before consideration of the approaches and tools that provide for site-
specific application. In particular, in accordance with Section 20.6.4.900 NMAG, water
quality criteria for copper (and cther divalent cationic metals) are calculated using a
standard equation based exclusively on site-specific water hardness. Previous Site
investigations, including the Site-wide ERA {Newfields 2005) and STSIU Remedial
Investigation (Rl) indicated exceadances of current hardness-based copper criteria in
sub-drainage basins within the STSIU area. However, a variety of other physical and
non-hardness chemical characteristics ofthe water and the metal can influence metal
bioavailability and toxicity to aquatic organisms (U.S. Emvironmental Protection Agency
[USEPA) 1894, 2001, 2007). Multiple studles have demonstrated other water quality
parameters such as suspended and dissolved solids, pH, alkalinity, organic carbon
compounds, ionic strength and other characteristics have equal or greater effects on
copper toxicity than hardness alone (AWWQRP 2006, Meyer et al. 2007).

To account for the effects water chemistry has on metal toxicity, site-specific criteria
{SSC) may be developed using scientifically defensible methods that are described in
Section 20.6.4.10 part D of NMAC, which includes the Water-Effect Ratio (WER)
procedure. The WER procedure conslsts of site-water toxicity tests conducted side-by-
side with laboratory-water toxicity tests, and is used to specifically account for
differences between toxicity of the metal in laboratory dilution water and toxicity ofthe
metal in Site water that can be attributed to site-specific water chemistry, If there is a
difference in toxicity and it is not taken into account, the aquatic life criteria for the
tested body of water might be either more or less protective than intended by EPA's
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Guidelines for Derving Numerical National Water Quality Criteria for the
Protection of Aquatic Organisms and Their Uses {USEPA 1994).

1.1 Historical Background of STSIU WER Studies

In August 2011 on behalf of Chino, ARCADIS submitied a work plan titled
Deveiopment of Site-Specitic Capper Criteria (ARCADIS 2011) to the NMED Surface
Water Quality Bureau (SWQB) that described proposed WER studies to support the
development of site-specific copper criteria in STSIU surface waters. SWQB provided
comments to the work plan in a letter dated September 1, 2011, The WER studies
were subsequently conducted, and a summary of preliminary results and the WER
muitiple-regression model approach described in the work plan was presented to
NMED SWQB during a March 23, 2012 meeting in Albuquerque, NM. These resuits
were further evaluated against USEPA (1894, 2001) WER acceptability criteria and
fully reported in the draft Criteria Adjustment Interim report that was submitted to
NMED SWQB in October 2012 (ARCADIS 2012). Chino received NMED comments to
that report in December 2012, and submitted responses fo those comments and a
revised Interim Report to NMED SWQB in March 2013 (ARCADIS 2013a).

As described in the above work plan and interim Report, and acknowledged by NMED
comments to the work plan, a modified approach is required to develop and apply SSC
to STSIW surface waters because the site-specific hydrologic conditions and
contaminant sources at STSIU are not explicitly addressed in the avallable USEPA
WER guidance. The use of muttiple-regression analysis of co-located toxicity and
water chemistry data explicitly accounts for the effects of site-specific water chemistry
oh copper bicavailability and toxicity and can also address the site-specific challenges
described in the work plan. The technical basis of this approach, including statistical
evaluations, application of available USEPA guidance, and consideration of the
mechanisms of copper bicavallability and toxicity, was initially described In the draft
Copper Toxicity Model report submitted to NMED SWOB in April 2013, Chino and
NMED SWQB subsequently met in Santa Fe, NM on June 10, 2013 to discuss the
WER model approach described in that report. The cument report has been updated
based on discussions with NMED SQWB during the June 10, 2013 meeting and based
on comments received from NMED SWQB to the draft Copper Toxicity Model report in
a letter dated July 1, 2013.

12 Study Objectives

This report describss the development of a slte-spacific copper WER modal that can
potentially be used to predict and derive adjusted copper criteria in STSIU surface
waters. As described previously, a modified approach is required to develop and apply
SSC to STSIU surface waters because site-spacific STSIU conditions are not
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specifically covered in the available USEPA WER guidance documents

(USEPA 1984, 2001). These site-specific conditions include diffuse, nonpoint-source
copper contamination to multiple ephemeral drainage channels that typically flow only
in direct response to monsoonal pracipitation. As a result, almost all aquatic habitats In
STSIU consist entirely of isolated pools located in predominately bedrock sections of
drainage channels. Additionally, water chemistry has been observed to be variable
across the numerous STSIU sub-watersheds bscause of locelized differences In
geclogy, geomorphology, hydrology, and surrounding upland landscapes among the
sub-watersheds.

The interim report (ARCADIS 2013a) established that toxicity end chemistry data
collected during WER sampling In 2012 were accepiable for use In the development of
SSC for copper. WERS determined during that sampling and analysis efiort were
mostly greater than 1, indicating that the current hardness-based copper criteria are
overprotective of aquatic life uses in the STSIU samples used for WER testing.
Additionally, the Interim Report demonstrated that site-specific copper toxicity and
copper WERSs were variable across the STSIU watersheds. It was hypothesized in the
Interim Report that the toxicity variability could be largely explained by the variabllity in
water chemistry samples used for testing.

The primary objective of this report is to further evaluate site-specific copper toxicity
and water chemistry data reported in ARCADIS (2013a) by performing statistical
evaluations of the chemistry and toxicity variability to determine specific chemical
parameters that are most comelated with the observed toxicity. Based on these
evaluations, the second objective of this report is to describe a site-specific copper
WER model that can explicitly account for this variability, and thus can potentially be
used to develop and apply SSC to STSIU watersheds.

2. Methods

Field and laboratory methods employed in this study were described in ARCADIS
{2013a) and were consistent with methods described in the available WER guidance
documents. A brief summary of the field and laboratory methods as reported in
ARCADIS (2013a) follows.

Field sampling and laboratery testing occurred twice during the wet season in 2011,
WER samples were collected in eight different sub-watersheds; these samples were
collscted during two separate sampling rounds in2011. The first round of fleld
sampling was performed during 28 August — 2 September, 2011 and included 12 WER
samples; the second round of field sampling was conducted during 19 — 20 September
2011 and included six WER samples. Figure 1 presents the location of all samples
collected during both rounds of WER sampling. Flow was not obsened In any
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drainage during the field sampling; all water samples were collected from

isolated, surface-water pools present in bedrock or primarily bedrock sections of
drainage channels. In total, 18 WER samples were collected from 12 distinct sampling
locations located across eight sub-watersheds (Figure 1). In addition to subsamples of
those waters, six additional water samples were submitted for chemical analyses {l.e.,
these six additional samples were not used in the WER toxicity tests) during the two
rounds of sampling, As noted in ARCADIS (2013a), sample locations were Kmited to
drainage areas containing surface water. The majority of drainage areas suneyed
were dry during each sampling round. At each of the 12 water-sampling locations for
WER toxicity tests, surface-water samples were split at the time of collection anda
portion of each split sample was sent directly from the field to ACZ Laboratorigs, Inc.
(ACZ) in Steamboat Springs, Colorado, for chemical analyses; the other portion of the
split sample was sent directly from the field to GE| Consultants, Inc. (GEI) in Denver,
Colorado, for WER toxicity tests. Samples were coliected, shipped, and stored
according to methods described in ARCADIS (2011) and USEPA (1994, 2001), which
Included “clean sampling techniques”, chain-of-custody (COC) forms and USEPA
protocols for toxicity testing.

WER toxicity tests were conducted by GE| using less than 24-hour-old neonates of the
freshwater cladoceran Daphnia magna (an invertebrate) as the primary test species.
WER toxicity tests were alse conducted on a subset of samples using less than 24-
hour-old lanae of the fathead minnow (Pimephales promelas; a freshwater fish} as the
secondary test species. The major use of the secondary species, as described by
USEPA (1984), is confirnation of toxicity results obtained with the primary species.
Use of a secondary species, however, was omitted from the more recent USEPA
Streamlined WER Guidance because the additional test has not been found {o have
\alue® (USEPA 2001: p. 5). Instead, the Streamiined Procedure requires that either
Ceriodaphnia dubla (another freshwater cladoceran) or D. magna be used as the
tested taxon because "experience has shown that the daphnids, which are quite
sensitive to copper, have been the most usefid test crganisms for WER studies”
(USEPA 2001: p. 5). As described in ARCADIS {2013a), results from the secondary
test species (the fathead minnow) confirmed results obtained with the primary test
Species (D. magna) according to WER acceptability criteria presented in USEPA
(1984). This report therefore focuses evaluations on the D. magna copper toxicity
endpoints because it was identified, and validated, as the primary test organism.

Toxicity test procedures followed methods described in USEPA WER guidance
(USEPA 1994, 2001) and general whole-efluent acute-toxicity testing methodology
(USEPA 2002). Test conditions are listed in Appendix A. Stock solutions of copper
were prepared by dissoling CuCl,»2H.0 in delonized water. A separate stock solution
was prepared for each round of WER testing, but the same stock solution was used to
spike all laboratory and STSIU waters in each round of testing. Results from 24-hour



Revised Site-Specific
Copper Toxicity Mode!

ﬁ ARCAD'S Report

Chino Mine Site

range-finding toxicity tests (conducted for each STSIU water sample) were

used to selact the copper exposure concentrations in the WER toxicity tests. Total
recoverable and dissolved concentrations of copper were measured in each exposure
treatment required to calculate the toxicity endpoint, consistent with USEPA (1904,
2001) WER protocols. Total and dissolved copper were measured at the beginning and
end of each 48-hour D. magna toxicity test. WER guidance requires dissolved metal
analysis at the beginning and end of toxicity tests, but only requires total metal analysis
for exposure water samples collected at the beginning of tests. Total copper was
measured on samples collected at the beginning and end of toxicity tests to provide an
additional verification of copper exposure concentrations. Samples for dissolved-metals
analyses were filtered in GEI's laboratory using a 0.46-micrometer (um) filter. The
samples were preserved after filtration and shipped to ACZ for analysis.

Toxicity tests using STSIU surface waters were conducted side-by-side with toxicity
tests using standardized laboratory dilution water according to USEPA protocol
(USEPA 1994, 2001). As described by USEPA (1984), more than one toxicity test
using site water may be conducted side-by-side with a single laboratory dilution water.
Howewer, multiple laboratory dilution-water toxicity tests were conducted in this study to
encompass the range of water hardness in STSIU waters and because toxicity tests
were staggered across multiple days in each round of WER testing. For WER
calculations, STSIU surface-water samples were matched to a laboratory dilution water
toxicity test based on the hardness concentrations in sach water type according to
USEPA (1994). Hardness concentrations for all laboratory-water toxicity tests were
solected based on the hardness of STSRJ samples measured when the water samples
amived at GEI. The intent was 1o match water hardness between field and laboratory
samples as close as possible while mesting WER testing requirements, including equal
or Jower water hardness in maiched laboratory dilution water (unless hardness in site
water Is less than 50 mg/L as CaCO3; USEPA 1994). Consistent with USEPA
guidance, all laboratory dilution-water toxicity tests were conducted al water hardness
between 40 and 220 mg/L as CaCOs.

2.1 Data Analysis

Acute toxicity of contaminants to aquatic organisms is usually evaluated in terms of the
concentration needed to kill or cause adverse effects to 50% of the tested organisms
[i.e., median effect concentrations (EC50 values)). in this WER study, EC50s values
were calculated based on total and dissolved copper concentrations using maximum
likelihood probit analysis in ToxCalc ™ version 5.0 software (Tidepool Scientific
Software, McKinleyvile, California). One-half the deteciion limit was used in all
samples for which copper concentration was below the method detection limit (MDL).
The toxicity results for D. magna are reported as EC50 values because immobilization
was used as a surrogate for death in those organisms (as discussed in USEPA 2002).
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In accordance with USEPA (1994, 2001) guidance, the WER for each sample
was calculated from the EC50 values In STSIU site water and the laboratory water, as

follows:

= Site- Water ECS0 paraens -normatized Eqn. 1
e P re—— (Ean. 1)

where:

She-Water EC50 naninessnomaizes = the copper EC50 obtained in STSIU site water,
adjusted to a standard hardness using the copper-
criteria hardness slope and equation 2 (shown
below), and

Lab-Water EC50 painessnommsies = the oopper EC50 obtained in faboratory water,
adjusted to a standard hardness using the copper-
criteria hardness slope and equation 2 {shown
below).

Nomalization of each EC50 value used in a WER calculation is intended to account for
the differing hardness concentrations of site and laboratory water and Is a requirement
specified in each WER guidance document (USEPA 1994, 2001). In this WER study,
all EC50 values were nomnalized to a hardness of 100 mg CaCOs/L, as follows:

ECS = ECS0 [._Stan o
ormhessmnuized = at sanple hardness Sampled {Eqn. 2)
where:

EC50nariness-normalized =  the copper EC50 adjusted to a standard hardness
concentration {i.e., the predicted EC50 if the sample
hardness had equaled the standard hardness),

StdH = astandard hardness concentration to which all
ECS0 values are normalized (a hardness of 100
mg/l as CaCO3; was used to nomalize all EC50
values in this study),

Sample H =  the hardness of the laboratory water, the site water,

or the species mean acute value (SMAV),
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0.9422 the log-log regression slope for the

1984/1885 and 1995 USEPA acute copper criteria,
which is also the slope currently used for the copper
criteria in the New Mexico Water Quality Standards.

22 Statistical Evaluations

The following sections describe statistical evaluations and copper bictic ligand model
(BLM) analyses performed on the chemistry and toxicity data presented in ARCADIS
(2013a).

All statistical evaluations of the toxicity and chemistry data, including linear
conelation and regression analyses, were performed using SIs;maF’Iot'"JI version 12.1
software {(SYSTAT Software, inc., San Jose, Califomia). A Pearson Comelation
analysis was performed on all the chemical and toxicity variables to calculate
correlation coefficients (rvalues) and the leve! of significance (i.e., p-value) between
pairs of the variables, to help understand the degree and direction of the linear
relationship between pairs of variables (including comparisons of a toxicity endpoint
versus a water chemistry parameter, or comparisons of pairs of water chemistry
parameters). Results from this correlation analysis were considered when selecting
parameters to include in additional regression analyses. For regression analyses,
data were log-transformed with the exception of pH data (which already Is the
negative logarithm of the hydrogen-ion concentration). Toxicity endpoints were then
regressed against individual water chemistry parameters (.., using univariate linear
regression). Based on the above analyses, in conjunction with knowledge of the
mechanisms of copper toxicity and bioavailability, step-wise multiple linear regression
(MLR) anglyses were performed using various combinations of water chemistry
parameters to determine the best subset of parameters for predicting the observed
toxicity. The best-ft model was based on the coaficient of determination (.., R®) of
the regression, the pvalue, and evaluation of the significance level of each variable’s
coefiicient (for the MLR analyses).

2.3 Statistical Criteria

The a priorl specified leve! of significance of o = (.05 was used as a basls for
identifying statistically significant relationships. Thus, comelation and regression p-
values of < 0.05 are considered significant, although p-values that approached this
specified level of significance were also considered when interpreting results. Forthe
MLR analyses, care was taken to limit co-linearity of water chemistry parameters
selected for the toxicity-prediction model, as judged by the variance inflation factor
(VIF). Co-linearity betwsen two chemistry parameters was determined to be significant
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(and thus might potentially confound results}if the calculated VIF value was =
4, and only the more significant variable (based on univariate correlation) was
potentially used in the model.
2.4 Copper Biotic Ligand Mode! (BLM) Evaluations
The copper BLM (version 2.2.3; anallable at http://h .h was

used to predict copper EC50 values for D. magne. Measured pH, alkallnity, and
concentrations of dissolved organic carbon (DOC), calcium (Ca}, magnesium (Mg),
sodium (Na), potessium {K), chlofide (CI"), and sulfate (SO,”) were used as model
input parameters for all site-water toxicity tests. In addition, defeult values for parcent
humic acids (10%) and sulfide (0.01 M) were used, consistent with
recommendations in the BLM User's Manual (HydroQual 2007).

3. Results

All data analyses described in this report use data presented in the ARCADIS (2013a)
tables, but are separate evaluations from the referenced report. Data tables presented
in ARCADIS (2013a) are included in Appendix A for reference. Additionally:

* A summary of the Pearson Comelation analyses performed between pairs of
toxicity endpoints and water chemistry parameters is provided in Appendix
B

¢+ Appendix C provides the SigmaPlot™ statistical software output for all the
univariate (i.e., single-predictor) linear regression analyses performed with
pairs of parameters.

» Appendix D provides the SlgmaPlt:ut"'l statistical sofiware output for all the
MLR analyses performed with combinations of muiltiple parameters.

+ Appendix E provides an evaluation of surface-water chemistry ranges
obsered in STSIU.

* Appendix F presents an evaluation of the protectiveness of the proposed
WER model to Chiricahua ieopard frog.

3.1 Interim Report Results

Results presented in ARGADIS (2013a) broadly indicate that the current hardness-
based copper criteria are overprotective of aquatic life uses in most STSIU surface-
water samples tested. This finding is based on comparing copper toxicity endpoints
measured In Site-water samples to the same copper toxicily endpoints measured in
laboratory dilution-water samples. D. magna copper EC50, which is the concentration
of copper required to cause adverse effects to 50% of the test organisms, was the
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toxicity endpoint used in these studies. WERS were calculated for each

sample as the quotient of the site-water EC50 divided by the laboratory-water ECS0;
WER values greater than 1 indicate copper is less toxic in the Site water than in the
laboratory dilution water.

WERs were calculated and presented in ARCADIS (2013a) using sewveral different
WER denominators that cormespond to the various approaches desciibed in the Interim
WER guidance (USEPA 1994) and in the Streamlined Copper WER guidance (USEPA
2001). Based on comments received from NMED SWQB, Chino agreed that the
approach described in USEPA (2001) would be used for the WER calculation. in that
approach, if the hardness-nommalized laboratory-water EC50 is less than the hardness-
normalized species mean acute value (SMAV) presented in USEPA (2001) for D.
rmagna, the SMAV should be used in the WER denominator. Normalized toa
hardness of 100 mg/L as CaCO,, the D. magna SMAV for dissolved copper is 19.31

ug/L.

Table 1 lists the measured WER values reported In ARCADIS {2013a) that were
calculated using that SMAV in the denominator. Measured WERS ranged from 0.989
to 14.41, indicating that site-specific copper toxicity was variable when compared
across all the surface-water samples. Table 1 also lists:

» Dissolved copper concentrations measured in WER samples;

+ The hardness-based copper criteria maximum concentration (CMC, or acule
criteria) calculated from the hardness measured in each sample;

» Compliance ratios calculated by dividing the measured copper
concentrations by the hardness-based copper CMC (e.g., dissclved copper /
CMC), and

» Compliance ratios calculated by dividing the measured copper
concentrations by their respective WER-adjusted copper CMC (e.g.,
dissolved copper /[CMC x WERY]).

Hardness-based copper compliance ratios that are greater than 1 Indicate an
exceedance of the hardness-based copper CMC. As listed in Tabie 1, dissolved
copper concentrations in seven samples exceeded the hardness-based CMC, with
compliance ratios in those seven samples ranging from 1.2 to 7.6. However, when the
WER detemmined for each sample is used to adjust the sample’s hardness-based
CMC, all of the resulting adjusted compliance ratios are less than 1. This approach is
consistent with the sample-specific WER approach described in USEPA (1994: pp. 14-
15), which can be used to evaluate whether metal concentrations in a sample are
acceptable after accounting for the effect of site-specific water chemistry (i.e., by using
the measured WER to adjust the CMC). As stated in USEPA (1984), the metal
concentration of a sample is acceptable when the adjusted compliance ratio is less
than 1. Based on this analysis, copper was within acceptable compliance ranges for all
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test samples, after applying the sample WER to account for the protective

effects of site-specific water chemistry on the aquatic toxicity of copper, Broadly, this
indicates copper toxicity in Site waters is less than predicted by the current hardness -
based copper criteria.

One of the objectives of the WER study design, as described in ARCADIS (2011,
2013a), was to mnclude a chemically and spatially diverse set of sample locations. The
map presented in Figure 1 shows that WER samples were collected in eight different
sub-watersheds; these samples were collected during two separate sampling rounds in
2011, The variability observed in the site-specific toxicity of copperis expected to be
related to the variability of water chemistry, as described in ARCADIS {2013a). In
accordance with USEPA (1994), an assumption worth testing Is whether the WER
carrelates to water quality characteristics. This assumption is statistically evaluated in
Section 3.2.

3.2 Toxicity and Water Chemistry Correlations

Cormelation analyses were performed using the co-located copper toxicity and water
chemistry values to determine chemical parameters that were statistically assodated
with the measured toxicity values. Results from the Pearson Correlation analysis
performed on chemistry and toxicity data are summarized in Appendix B. These
comelation results provide a useful basis to identify water chemistry parameters that
are statistically associated with copper toxicity and, therefore, parameters that might
require further evaluation when considering site-specific water chemistry effects on
copper toxicity. Results from the Pearson Comelation analysis are expressed as the
significance level {the p-value) and comelation cosfficient {the r-value) associated with
comparisons between two variables.

3241 Influenceof Inorganic Watar Chemistry Parameters on Observed Copper Toxicily

A greater than 12-fold difference In D, magna dissolved copper EC50 values was
measured in Site-water samples, ranging from 14.7 pg/L in sample WER-1-12 to more
than 184.7 pg/L in sample WER-2-9. An important obsenation Is that hardness
concentrations in these low- and high-WER samples were almost equal (e.9.. herdness
concentrations of 76 and 82 mg CaCO3/L in samples WER-1-12 and WER-2-9,
respectively}, indicating that water chemistry parameters other than hardness can have
a significant effect on sife-specific copper toxicity. This has important site-specific
implications because the current New Mexico numeric water quality criteria for copper
are based exclusively on sample-specific hardness concentrations. The linear
regression presented in Figure 2 further illustrates the lack of relationship between
hardness and copper toxicity in STSIU samples. Specifically, the coefficient of
determination (R®) for the hardness versus EC50 regression Is 0.10, which implies that
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hardness accounts for only 10% of the variability associated with copper

toxicity in these Site waters. As listed in Figure 2, the level of significance .e., the p-
value) for the regression coefficient is 0.211, which Is greater than the specified o level
of 0.05, indicating that hardness is not a statistically significant predictor of copper
toxicity in the tested site waters

Other non-hardness water chemistry parameters are expected to have equal or greater
influence on copper bioaweilabliity and toxicity compared to hardness. One such
parameter s alkalinity, which is a measure of the acid-neutralizing capacity of water.
Alkalinity in most natural fresh waters is due to the presence of carbonate (0032').
bicarbonate (HCO5) and hydroxyl (OH) anions. In some surface waters, other
important non-carbonate contributors to alkalinity include organic ligands and
phosphate, ammonium, sllicate, sulfide, borate, and arsenate ions {Hem 1885).
Alkalinity Is generally recognized as influencing copper bloaweilability and toxicity in
aquatic systems through the formation of less toxic copper-base complexes (Wurts and
Perschbacher 1994). Empirical toxicity results reported by others demonstrated that
alkalinity generally decreases copper toxicity (as evidenced by increasing copper
toxicity endpoints determined at increasing alkalinity concentrations; Meyer et al.

2007). Results from the current study are consistent with this general trerwd. Asan
example, Figure 3 shows that D. magna EC50 vatues were positively comelated with
alkalinity having a regression p-value of 0.004, indicating a statistically significant
relationship between alkalinity and the measured D. magna EC50 value (R® = 0.43).

In most waters, alkalinity and hardness concentrations are similar because the anions
of alkalinity (e.g., HCO3 and C0,¥)and the cations of hardness (e.g.. Ca®* and Mg*")
are derived from the same cerbonate minerals (Meyer et al. 2007). Any sample
hardness greater than the coesponding sample alkalinity represents non-carbonate
hardness (e.g., CaS04, MgCla). In contrast, in waters containing greater alkalinity than
hardness, polassium and sodium carbonates/bicarbonates are expected to be a major
source of the alkalinity. Although hardness and alkalinity concentrations in the Site-
water toxicity samples were well-correlated (Figure 4; R?=0.68), relative differences
were observed between hardness and atkalinity proportions across all tested waters,
which can be an Important factor to consider when evaluating toxicity variability, as
described below.

That copper toxicity endpoints were significantly comrelated with alkalinity, but not
hardness, indicates alkalinity might be a better predictor of site-speclfic copper toxicity
than hardness. Howewer, evaluating the relationship between copper toxicity and the
relative diffierence between hardness and afkalinity of a sample is informative to the
mechanisms of copper bioavailability and toxicity. A potentiat metric for this evaluation
is the hardness-to-alkalinity ratio {H/A), which can be intepreted as a measure of the
alkalinity deficiency of a sample {(because alkalinity is typically equal to or less thanthe
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hardness of STSIU watars). As shown in Figure 5, copper toxicity in Site

water tends to increase (i.e., lower EC50 vaiues) when the hardness concentration is
increasingly greater than the alkalinity concentration (i.e., af greater H/A values). In
contrast, Site-specific copper toxicity decresses as the hardness-to-alkalinity ratio
decreases. Using the hardness-fo-alkalinity ratio as a predicior vardable for site-
specific copper toxicity provdes @ more statistically significant relationship (i.e.,
regression coefficient pvslue < 0.001; R* = 0.54) compared to regressing the toxioity
endpoint against hardness or alkalinity separately. Although the concentration
difference between hardness and alkalinity might logically have also been used as a
predictor of copper toxicity, it was not as strong a predictor as the hardness -to-alkalinity
ratio,

Another non-hardness chemical parameter determined to be significantly comelated to
site-specific copper toxicity Is total dissolved solids (TDS), which refers to the amount
of afl inorganic and organic substances in a water sample that passes through a 0.46-
pm filter. TDS measurements are not ion-speciiic (l.e., they do not quantify the mass
concentration of a particular ion), but describe the overaill mass of all dissolved
inorganic and organic constituents. TDS is often comelated with electrical conductivity
and the ionic strength of a sampie, which have been previously shown to influence the
toxicity of copper to aquatic organisms. Major ions typically responsible for the TDS
content of a sample include calcium, magnesium, sodiumn, potassium, bicarbonate,
phosphates, nitrates, chloride and sulfate. As indicated in Figure 6, copper toxicity
generally decreased as TDS concentration increased (p-value = 0.04; R® = 0,25).

322 Influsnce of Organic Carbon on Observed Copper Toxicity

Organic carbon is well-known to have an important effect on copper bioavailability and
toxiclity to aquatic organisms (EPA 2007, Meyer et &l. 2007). ‘The Interim Report
described how both total organic carbon {TOC) and DOC varied substantially in water
samples coliected throughout the STSIU drainages. This organic carbon variability
explains a substantial portion of the variability of toxicity measured in the STSIU
surface-water samples. As shown in Figures 7 and 8, both TOC and DOC were well-
comelated with site-speoific copper toxicity, with toxicity decreasing (i.e., EC50 values
increasing) as TOC and DOC concentrations increased. Based on all statistical
analyses conducted and presented herein, organic carbon (either as DOC or TOC)
was the single parameter most statistically comelated to site-specific copper toxicity
(TOC: R? = 0.62, palue <0.001; DOC; R= 0.75, palue <0.001). Mechanistically,
organic carbon decresses the free-ion (i.e., Cu™) concentrations through the formation
of copper-organic carbon complexes, thereby decreasing the bicavaitablity of copper to
aquatic organisms and thus decreasing its toxicity (Meyer et al. 2007).
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In addition to the statistical relationships described above and the

mechanistic importance of organic carbon to copper bioavailability, the relationship
between organic ¢carbon and copper toxicity has important Site-specific implications
because of the variability and relatively high concentrations of organic carbon
measured in STSIU swiace waters (Table 2). Dissolved organic matter {DOM) is a
ubiguitous component of natural surface and ground waters, and is chemically
composed of a variety of carben-based constituents including a small proportion of
identifiable, low-molecular weight compounds such as carbohydrates and amino acids,
and a larger proportion of complex, higher-molecular weight compounds collectively
termed humic substances. DOM is operationally defined as any organic compound
paseing through a 0.45-pm filter (Evans et al. 2005).

The DOC component of DOM is conventionally measured as a surrogate to DOM
concentrations, and DOC is assumed to constitute approximately ¥z the mass of the
DOM. Concentrations of DOC in natural waters vary widely, from less than 1 to greater
than 50 mg/L (Thurman 1885). Concentrations of DOC in natural waters typically vary
depending on watershed hydrologic conditions, geology, soll types, land-use, climate,
and aquatic life. Generally, the lowest values are observed in the oceans,
groundwater, and oligotrophic lakes and rivers draining bare rock or thin, organic-poor
solls (Evans et al. 2005). Concentrations are highest in organic soil porewater, and
fresh water draining wetlands and peat lands, especially where runoff is low and
hydrologic residence time is high {(Evans et al. 2005). In ephemeral stream systems
typical of the arid southwest, the limited hydrologic flushing of adjacent uplands. in
conjunction with longer hydrologic residence times can contribute to moderately high
aqueous organic carbon concentrations. In a study that characterized organic carbon
in arid stream systems in the southwest, Westeroff and Anning (2000) reported that
organic carbon concentrations were greater in ephemere! streams compared to nearby
perennial stream systems. Inthese ephemeral systems, algae growth in the channel
can represent a significant source of autechthonous {j.e., Intemally generated) organic
matter and can potentially be a more important source of organic carbon than
terrestrial plants due to the relatively sparse upland plant cover.

3.2.3 Consideration of CtherWater ChemistryParameters

Other chemical parameters such as total suspended solids (TSS), pH, and other lons
can potentially affect copper toxicity to aquatic organisms. Presented as Pearson
Corrleation results (j.e., r-~values and p-values), Appendix B provides a summary of
relationships observed between measured copper EC50s and these chemical
parameters {in addition to relationships between pairs of chemical parameters).

Although pH can mechanistically infiuence copper bioavailability and toxicity to aguatic
organisms (Meyer et al. 2007}, a significant relationship was not observed in the
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cument study between pH and copper EC50 values (ralue =-0.314; pralue

=0.220; Appendix C and Figure 9). Additionally, pH was not significantly associated
with other inorganic parameters such as hardness, alkalinity, or TDS. However, a
significant relationship was observed between PH and DOC (r-value = -0.488: pvalue
= 0.047) and the relationship between pH and TOC approached the specified level of
significance of a = 0.05 (r-value =-0,398; p-value =0.114). Greater DOC and TOC
values were assaciated with lower pH values, perhaps because high eoncentrations of
humicAulvic acids (which can dominate DOC and TOC concentrations) tend to slightly
acidify natural waters.

TES was not significantly associated with copper EC50 values (r-value = 0.266; f . 3
value =0.301). The lack of ralationship between copper EC50 values and TSS is not
surprising because the cument EC50 values are based on the dissolved fraction of
copper to be consistent with the current aquetic itfe standard for copper in New Mexico.
Accordingly, the amount of solids dissoived in a water sample (i.e., TDS concentration)
is likely to be more important than TSS when consideting mechanisms of dissolved
copper bioavailability and toxicity. This is supported by the significant relationship
observed between TDS and copper EC50 values described in Section 3.2.1. In
contrast, TSS probably would be an important determinant of the bioavailability and
toxicity of total recoverable copper in STSIU waters; however, total recoverable gopper
is not of regulatory concem in this situation.

Other ions such as potassium, calcium, magnesium, sodium, and sulfate were either
signficantly associated with copper EC50 walues (i.e., prvalues <0.05) or approached
the speciied level of significance of a = 0.05 (Appendix C). Howewer, these ions are
explicitly accounted for by other inorganic parameters described in Section 3.2 1,
including hardness, alkalinity and TDS. As a result, these fons are highly comrefated to
hardness, alkalinity and TDS {Appendix B) and thus should not be included in a
statistical model of copper toxicity, because their inclusion would cause concem about
co-linearity with other predictor variables.

3.24 Iniluence of Multiple Water ChemisiryParametars on Observed Copper ToMcity

The effect of multiple water chemistry parameters on the aquatic toxicity of metals is
widsly documented in the scientific literature (e.., see review in Meyer et al. 2007),
and reflected in USEPA options for site-specific criteria derivations (i.e., WER
Procedure and the USEPA Copper BLM). Animportant finding fom the above
analyses is that multiple water chemistry parameters significantly influenced copper
toxicity, and the relationship between these parameters is consistent with mechanisms
of copper toxicity and consistent with relationships previously reported in the scientific
literature, A series of MLR analyses were therafore performed inan effort to more fully
examine effects of varying Site chemistry on dissolved copper toxiclty.
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Chemical parameters were evaluated in MLR analyses based on the

corvelation results (Appendix B), linear regression analyses (as described in the above
Section and presented in Appendix C), and consideration of mechanisms of copper
bloavailability and toxicity. Table 3 lists the statistical summaries of the various MLR
models evaluated (see Appendix D for complete statistical summaries of all evaluated
MLR models)

The MLR models were evaluated on a statistical basis for predictive capabilities and by
cansidering the relationship between water chemistry parameters and copper toxicity.
Specific statistical criteria and relationships considered include:

o Overall statistical fit: Multiple-regression coefficients (i.e., R’ and adjusted
R®) were used to evaluate the strength of the predictive retationship between
sets of water chemistry paramsters and copper toxicity. The statistical
significance of the mutltiple-regression coefficient was also considered (i.e.,
by examining the overall regression p-value), although most MLR models
considered were highly significant (i.e., p <0.001). Because diffarent
numbers of predictor variables (i.e., water chemistry parameters) were
ewaluated across MLR models, the adjusted R’ value was considered the
most appropriate basis to compare the predictive strength among modeis.
The adjusted R? takes into account the sample size and the number of
predictor variables (and uses variances instead of the variations), which
provides a more relevant diagnostic measure in multiple-regression analysis,
especially when additional predictor variables are added to the model. An
important point is that R? values can only increase or stay the same when
additional predictor variables are added to a MLR model, regardiess of
whether the added variables is a significant predictor. in contrast, the
adjusted R’ value - is sensitive to the number of predictor values and can
decrease as additional predictor variables are added.

« Strength of relationship between individual predictor variables and copper
toxicity: The strength of relationships between indiidual water chemistry
parameters and copper toxicity was evaluated by the veriable’s coeflicient p-
value (or level of statistical significance). The specified level of significance
of a= 0.05 was used as a general basis for evaluating the significance of a
single parameter, or whether a single paramster improved the statistical fit of
the MLR model.

s Multicollinearity: The degree of correlation between predictor variables
(referred to as multicollinearity) was examined when evaluating MLR models.
When any one predictor variable can be predicted to a high degree from one
or more other predictor variables (i.e., high comelation between predictor
variables), MLR model estimates are considered unstable. Therefore, only
the most predictive variable in a set of highly correlated variables should be
entered into an MLR model.
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* Linkage between water chemistry and copper toxicity: Parameters
were selected for MLR ewsluation based on their relationship to copper
bioavailability and toxicity. Care was taken (o select key, individua!
parameters that were previousty identified as being slgnificantly comelated to
measured copper toxicity (based on results presented in Section 3).

Based on these criteria, several potential predictive MLR models were identified in the
step-wise multiple linear regression analysis {Table 3). Key predictor variables
included: TOC, DOC, alkalinity, and TDS. Of the models and parameters evaluated,
one of the the best-it MLR modeis (based on the R? walue, adjusted R valus, and
coeficient p-values) combinad four variables previously shown to affect copper toxicity
~TOC, hardness, alkalinity, and TDS. This model had high predictive power (R%=
0.869, adjusted R” = 0.838, and regression p+value < 0.001), and each input parameter
significantly contributed to the statistical fit of the model {i.e., regression coeflicient p-
values for each parameters was less than 0.05; Mode! 1 in Table 3). Note that
teplacing TOC with DOC in this mode! also yields a highly predictive mode! (adjusted
R = 0.838; Mode! 2 in Table 3). Inboth of these models, hardness and alkalinity were
combined into a hardness/akalinity ratio.

A potential imitation of using the hardness/atkalinity ratio as a predictive measure of
toxicity is that alkalinity concentrations are not explicitly accounted for. Because the
ratio of kardness/alkalinity Is a proportional measure of the two parameters, it might not
direotly reflect the range of protective effects across low and high carbonate/bi-
carbonate concentrations. For example, a similar hardness/alkalinity ratio is possible
atlow alkalinity concentrations and at higher alkalinity concentrations, but the
protectiveness effects would be expected to differ (based on the relationship between
alkalinity and copper toxicity discussed in Section 3). Alkalinity by itself (i.e., not as the
hardness/alkalinity refio) was therefore evaluated as an input parameter to MLR
models.

Replacing the hardness/alkafinity ratio with alkalinity (but keeping TOC and TDS)
provides a model with an adjusted R? value of 0.766 (Mode! 15 in Table 3). However,
the p-value for TDS In this regression model is 0.839 indicating that TDS is not a
significant predictor of toxicity when combined with TOC and alkalinity. A similar result
is obtained by using DOC, alkalinity and TDS as predictor variables (i.e., adjusted R? =
0.829, but TDS not a significant parameter [p-waiue = 0.448]). These results suggest
that when atkalinity is used instead of the hardness/alkalinity ratio as a rmodel
parameter, including TDS does not improve the statistical fit ofthe model. Additional
regression analyses were therefore performed using either TOC or DOC and alkalinity
as parameters and excluding TDS (Tabie 3).

The combination of DOC and alkslinity yields a MLR mode! with an adjusted R? value
of 0.833 (and co-efficient p-valuss of less than 0.05 for DOC and alkalinity; Mode! 18 in
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Table 3), which is aimost identical to the variance accounted for by the MLR

model evaluated above thatincomorated TOG (or DOC), hardness/alkalinity, and TDS.
As inferred from an adjusted R? value of 0.833, the combination of DOC and alkalinity
explains 83 percent of the measured variability in copper toxicity (compared o an
adjusted R? value of 0.838 using DOC {or TOC), hardness/alkalinity, and TDS). In
muitiple-regression analysis, it is desirable to limit the number of predictor variables
while maximizing the predictive relationship, particularly with smaller datasets, thus
making Mode! 18 (DOC and alkalinity) preferable over Model 1 (DOC or TOC plus
hardness/alkalinity and TDS) in Table 3. Additionally, because alkalinity is used as
predictor of copper toxicity in the BLM and the hardness/alkalinity ratio is not, Model 18
(DOC and alkalinity) is preferable over Model 1 (DOC or TOC plus hardness/alkalinity
and TDS) from a mechanistic perspective.

To further validate the accuracy of these MLR models and to understand any poteriial
bias in model-predicted values, a residual-based analysis was performed. Figure 10
graphically depicts the accuracy of model-predicted toxicity values when compared to
measured toxicity values. In this approach, copper toxicity is predicted by applying the
MLR model equation o the water chemlstry values measured in the toxicity test
sample to derive a model-predicted toxicity value. In effect, this residual-based
analysis quantitatively compares measured toxicity values to model-predicted toxicity
values which are derived by applying the MLR equation to measured water chemistry.
Figure 10 shows that MLR-predicted copper toxicity values from each model were
strongly comelated with measured toxicity. The solid diagonal line on Figure 10
represents perfect agreement between the observed and predicted values (i.e.,
predicted values equal obsenved wvalues), while the dotted lines represent two-fold
devations of the observed toxicity from the predicted toxicity. A two-fold variation in &
measured toxicity endpoint is a8 commonly-used range to represent the natural
variability considered to be inherent in toxicity testing procedures (Di Torro et al. 2001,
Esbaugh et al. 2011). importantly, Figure 10 shows that the modal-predicted copper
toxicity values from each model are highly accurate (relative to the observed values),
and a bias is not evident in sither model. That is, neither mode! appears to
systematically over- or under-predict toxicity when evaluated across the range of
observed toxicity values. Predicted values are within two-fold of the obsened values,
which provides & strong indication of accuracy for each MLR model.

325 CopperBLMComparisons

The copper BLM offers a computational tool to evaluate the protective impact of water
chemistry on copper toxicity by systematically combining the complexation and
competitive properties of water chemistry parameters (Di Toro et al. 2001, Paquin et al.
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2002). Input parameters for the BLM calculations are temperature, pH,

alkatinity, and concentrations of Ca®*, Mg?*, Na*, K*, ¢, $0,%, and DOC Although the
current USEPA-promulgated water quality criteria (WQC) for copper are based on the
BLM (USEPA 2007), to date no state has adopted the Cu-BLM as a primary basis for a
state copper criterion. Recent studies have indicated disparities in BLM-predicted and
empirical toxicity endpoints, suggesting variable BLM performance in different water
types relative to the waters used to develop the BLM. One potential expfanation for
this discrepancy is that the BLM is based on one possible composition of organic
matter (i.e., assumed 10 percent fuhic acid), which may differ chemically from the
types of DOM in Site waters, Another potential explanation Is that the sensitivity of the
organisms used in those toxicity tests diffiered from the sens itivity of the organisms
used in the toxicity tests to which the BLM is calibrated. However, in this study the
BLM performed reasonably well in predicting toxicity in Site waters. Figure 11 shows
that the BLM-predicted copper EC50s were well-correlated to the observed copper
ECB0s (R” = 0.66; palue <0.001), but were biased high, indicating the BLM under-
predicts copper toxiclty (i.e., predicts greater EC50s) when compared to observed
values (i.e., measured EC50 values). The malority of BLM-predicted EC50 values (11
out of 17) were more than two-fold greater than actual observed copper EC50 wvalues
(Figure 11). However, as indicated by the corrslation statistics, the BLM predictions
generally agreed with observed values, with the lowest predicted EC50 values
comasponding to the lowest observed EC50 values and the highest BLM-predicted
ECS0 values comesponding to the highest obsernved ECS50 values {i.e., a positive
reiationship between BLM-predicted and cbserved EC50s). This finding is consistent
with the above obsenations conceming the effects of variable water chemistry on site-
specific toxicity, with the range of BLM predictions corresponding owerall to the range of
water chemistry.

Comparing the MLR model predictions and the BLM predictions to the observed
toxicity values (Figures 10 and 11, respectively) indicates the MLR model provides a
more accurate prediction of site-specific copper toxicity than the BLM. This finding is
based on the regression statistics and by considering whether either model over- or
under-predicts toxicity aver the relatively wide range of water chemistry and obsernved
toxicity values. Given the abowe trends, it follows that BLM-predicted EC50s were also
well-comelated with the EC50s obtained with the MLR model. As shown on Figure 12,
the BLM ECS50s were strongly comelated with the MLR model EC50s, but were biased
high (i.e., BLM-pradicted EC50s were consistently greater than the MLR model-
predicted EC50s). Although BLM-predicted EC50s were consistently greater than MLR
model-predicted EC50s, the strong correlation between the two models further
highlights the effect of water chemistry on site-specific toxicity and further comoborates
the MLR model structure and periormance.
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To provide additional context to the BLM, a brief description of the various

BLM applications follows. The BLM offers separate applications to evaluate copper
toxicity (i.e., the toxicity-prediction mode option) and copper speciation (i.e., the
chemical speciation mode option). When run in speciation mode, the BLM predicts the
chemical speciation of dissolved copper including complexation with inorganic and
organic ligands, and the biotic ligand. When run in toxicity-prediction mode, the BLM
predicts the median lethal or effect concentration (i.e., LCS0 or EC50) based on the
user-selected organism and the site-specific water chemistry parameters. In addition to
these applications, the BLM can be used {o predict site-specific copper water quality
criteria by selecting the Cu WQGC Calculafion option.

Tha BLM-based evaluations and figures presented herein and discussed during the
June 10, 2013 meeting were performed by using the BLM in toxicity prediction mode
{i.e., comparing the BLM-predicted EC50s to the measured EC50s). These BLM
predictions were made by using the BLM “out-of-the-box", which refers to running the
BLM with the default sensitivity parameters. As discussed duning that meeting. the
BLM can be adjusted to potentially improve these toxicity predictions by modifying the
median lethal accumulation concentration (LAS0) in the program file for the user-
selected organism. The LASO value Is the concentration of copper accumulated on the
biotic ligand that results in 50% mortality in a toxicological exposure (i.e., the amount of
metal accumulated on the biotic ligand that results in the water column EC50).

As shown on Figure 11, the BLM systematically over-predicted the EC50 values when
compared to the measured EC50 values. Therefore, the defsult LAS0 value listed in
the program file could be decreased to predict lower EC50 values, which would result
in better agreement bestween the BLM-predicted and measured EC50 values.
However, this adjustment would only affect the BLM's toxicity predictions (.e.,
predicted EC50 values), and would not impact the predicted site-specific copper criteria
derived from the Cu WQC Calculation option. This option is EPA’s recommended
approach for using the BLM to derive site-specific criteria. The program files used to
make the BLM's Cu WQ predictions are not publicly awailable, and ARCADIS does
not currently have access tothese. During the June 10, 2013 meeting, ARCADIS
discussed the possibility of obtaining these parameterization files from the developers
of the BLM (Hydroqua!) to perform such modifications. Although this approach might
be feasible, these files are not accessible to the public or scientific community, and
could therefore limit the general acceptance of this approach since criteria predictions
would not be reproducible by others. Additionally, modifying the parameterization of
the BLM’s Cu WQC calculations could be inconsistent with EPA's curent BLM-based
criteria approach, and would thus need to be fully evaluated in conjunction with EPA
and BLM dewelopers.
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With this background, Chino does not recommend using a modiified BLM {or

the BLM “out of the box") to derive site-spacific copper criteria for STSIU surface
waters. The proposed regression-based approach, which has been deweloped from
empirical toxicity tests conducted in site water, provides a more accurate and
technically-defensible approach for deriving site-specific copper criteria for the STSIU
surface waters (i.e., the proposed approach Is highly specific to STSIU surface waters)
and is consistent with the approach adopted by Esbaugh et al. {2011). Based on the
ewaluations presented in this report and discussed during the 6/10/13 meeting,
adjusting the BLM to systematically change the predictions is not expected to provide
greater predictability compared to the regression model approach,

4, Discussion
4.1 TechnicalBasis of a WER Model

Section 3.1 describes the USEPA (1994) sample-specific WER approach where the
WER value determined In a tested sample is used to adjust the hardness-based
copper criteria to evaluate whether copper concentrations are acceptable when the
effects of water chemistry are considered. This analysis indicated copper
concentrations were within acceptable ranges (when applied according to USEPA
[1984]); Table 1). Although this approach is informative to understanding copper
compliance for a sampls, it would be cost-prohibitive and logistically impracticable to
perform WER testing to evaluate complianice for all surface waters within the expansive
and somewhat remote study area (recognizing that the copper in STSIU waters
originates from non-point sources). Therefore, this study evaluated an altemative
approach based on statistical relationships between these empirical toxicity results and
Site-water chemistry.

One of the primary findings from the Interim Report (ARCADIS 2013a) was that the
measured WERS were vanable, reflecting the influence of variable Site-specific water
chemistries on copper toxicity. This finding highlighted the need to further understand
the influence of site-specific water chemistry on observed copper toxicity. Statistical
evaluations (presented In Section 3) were thus performed to better understand the
statistica association between measured toxicity and chemistry parameters. Basedon
the best-fit MLR model, the combination of DOC and alkalinity explained 83% of the
variability inthe observed copper toxicity values. This relationship provides a highly
predictive tool for estimating site-specific copper toxicity based on using measured
water chemistry values as input parameters to a predictive Site-specific copper model.

In addition to providing a statistically robust option to derive Site-spacific copper
criteria, & Site-specific MLR mode! approach can address the challenges assoctated
with the Site conditions described previously. Because the mods! was deweloped from



Revised Site-Specific
Copper Toxicity Model

f= ARCADIS Report

Chino Mine Site

toxicity tests conducted in actual site water, which covered a relatively wide

range of values of a variety of chemical parameters, the model is expected to perform
very well in water chemistries that are typical of surface water at the Site i.e., the
mode! is highly specific to Site-water chemistries)

The Site-specific MLR approach can reduce uncertainty about the over-protectiveness
or under-protectiveness of the curent hardness-based criteria, or uncertainty
associated with application of other site-specific criteria options such as the BLM or
traditional WER approach.

o First, compared to the current hardness-based copper criteria, the MLR-
model approach considers the effects of multiple water chemistry parameters
on Site-specific copper toxicity. This provides a more accurate estimate of
copper toxicity across Site waters because other toxicity-modifying
parameters are accounted for. Although hardness was not determined as a
strong predictor variable in the best-fit MLR model, the proposed WER model
approach still accounts for hardness by nomalizing the site and laboratory
water to the same hardness.

s Second, compared to the BLM, the MLR-model approach predicts toxicity
based on the relationship between megsured Site toxicity and chemistry
values. Because the BLM approach does not include empirical toxicity tests
to confim its computational-based predictions, the MLR-model approach can
reduce uncertainty associated with default BLM assumptions and/or take into
account how cother water chemistry parameters that are not incorporated into
the BLM affect toxicity characteristics of a water (such as other co-occuning
metals and type or quality of organic matter).

« Third, compared to the traditional WER approach in which a single or set of
static site-specific criteria are applied to a water body, the MLR-model offers
away toewaluate copper compliance on a sample-specific basis, similar to
the BLM and hardness-based options.

Another important consideration when evaluating the technical basis of this MLR-model
approach is that regression analyses are commonly used to derive WQC. For
example, the cument hardness-based WQC for & number of divalent metals (including
copper) are based on regressions between laboratory-water toxicity endpoints and
water hardness. The current WQC for these select divalent metals are thus expressed
as univariate linear regression equations, using hardness as the single predictor
variable 1o determine the numeric WQC value. Further, the current USEPA ammonia
WQC are based on a multivariate regression model that uses temperature and pH as
input variables. With this background, the MLR-mode! approach described in this
report is conceptually consistent to cument approaches used to calculate WQC values.
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Applying this type of MLR-modsl approach tothe WER procedure framework
should therefore provide a robust and technically-defensible basis to devefop and apply

88C.

42 WER Model impiementation

The proposed approach to applying the MLR-model to derive site-specific copper
criteria that can be applied to STSIU surface waters ic described below:

1. Input a sample’s measured water chemistry values into the MLR-model
equation to calculate a predicted Site copper EC50 valus;

2. Nomalize the predicted EC50 value to a standard hardness (e.0., 100 mg/L.
as CaC0y), using Equation 2 presented in Section 2.1. This value becomes
the numerator to the WER equation;

3. Divide the nomalized predicted Site EC50 waiue by the hardness-normalized
D. magna SMAV for copper (nommalized to the same hardness used in Step
2} to calculate a sample WER.

4. Muitiply the sample WER by the hardness-based copper standard
(calculated at the hardness of the water sample) to derive a site-specific
siandard for the sampla.

Table 4 provides a step-by-step example of how to apply this epproach to derive a site-
specific standard for a sample (using measured water chemistry from sample WER-1-1
as the example). The proposed regrsssion-model approach is sample-specific,
meaning 2 site-specific standard is derived for each sample based on its water
chemistry. Operationafly, the approach Is consistent with the current hardness-based
standards approach whereby the copper standard for a single sample is determined
based on Its hardness concentration. Therefore, Chino envisions that compliance
evaluations (i.e., determining whether measured copper concentrations in 2 sample are
acceptable) that use SSC developed with the proposed regression-model approach will
be the same as compliance evaluations that use criteria deweloped with the cument
hardness-based approach.

Elements of the WER procedure are still applied in this approach to account for copper
toxicity difflerences between site and iaboratory waters, but the numerator of the WER
(i.e., the Site-water toxicity endpoint) is modeled based on the statistical relationship
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between measured toxicity and measured water chemistry. By applying the

WER procedure framework to this approach, hardness is accounted for by normalizing
the site and laboratory toxicity endpoints to the same hardness and by using the WER
to adjust the sample’s hardness-based standard. Thus, criteria-adjustments made
using the proposed model are still handness-specific, but they also take into account
other toxicity-modifying water chemistry parameters.

421 WModel Application to Acute and Chronic Criteria

As described in ARCADIS (2013a), surface-water samples used in the WER toxicity
tests were collected from pools that were found in predominately bedrock sections of
drainage channels, ranging in size from small and shallow to large and desp pools.
Although some of these pools were more perennial in nature (such as some pools in
Rustler Canyon), many were temporary pools {i.e., intermittent or ephemeral) that were
formed from recent precipitation.

Shte-spacific copper criteria derived from the proposed approach are applicable to
acute or chronic criteria. In accord with USEPA WER guidance (USEPA 1994 and
2001), a WER derived from acute toxicity tests is applled to both acute and chronic -
criteria. As stated in USEPA (2001), because the involvernent of strong binding agents
causes the WER to increase as the effect concentration decreases, the WER derived
from acute tests is expected to be protective of chronic effects. Thus, the WER derived
from the proposed approach can be applied to the existing Criteria Maximum
Concentrations (CMC [aoute criteria]) or the Criterion Continuous Congcentration {CCC
[chronic criteria]) to derive a Site-specific acute or chronic criterion.

422 Margin of Safety Applications

As described in USEPA (1994), ambient water quality criteria are typically
overprotective of aquatic life uses because they are derived to be environmentally
consenative in most bodies of water. The WER procedure is a USEPA-developed
method intended to decrease or eliminate overprotection in waters that contain
elevated concenirations of water chemistry parameters that protect against metal
toxicity. Inthe traditional WER procedure {where muitiple WERs are determined and
the geometric mean WER Is typically used to derive site-specific critera for one or
more bodies of water), variation in WERSs and water chemistry can be a concem when
considering the appropriate level of protection and consanatism. Spatial variation
among WERs within a body of water is not a concem in the USEPA (1884) sample-
specific approach (described in Section 3.1) because compliance is evaluated based
on the chemistry, toxicity, and criteria of a single effluent and Its receiving waler. The
proposed application of the MLR-model describsd herein [s similar to this approach In
that criteria and compliance is computed on a sample-by-sample basls.
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A margin of safety in the proposed MLR-model approach is important to

ensure that a sufficient leve! of protection to resident aquatic life is afforded by a
derived site-specific standard. The proposed model approach has several features that
de provide amargin of safety to ensure the approach is applied in an environmentally
conservative way.

4221 WER Denominglor

Based on toxicity results measured in this study, use of the SMAV as the denominator
fo measured Site toxicity values provides a conservative WER value because of
differences in organism sensitivity represented by each toxicity endpoint. The Criteria
Adjustment Interim Report (ARCADIS 2013a) and response to comments {ARCADIS
2013b) evaluated possible WER denominators, including (1) matched-laboratory water
tests conducted side-by-side with Site water tests; (2) the geometric mean of these
laboratory tests; (3)the re-calculated SMAV (recalculated by excluding nominal toxicity
endpoints from the USEPA [2001] SMAV value): and (4) the SMAV presented in
USEPA (2001), which is the WER denominator proposed in this approach). Ofthe
potential denominators, the USEPA (2001) SMAV is the largest value, which results in
the smallest WER when applied to Site toxicity values. As a result, this yields a
consenative WER and thus provides a margin of safety when used to derive a Site-
specific standard. The basis of this conclusion is described in more detail below (also
refer to ARCADIS 2013a for further discussion of laboratory-water toxicity endpoints)

Toxicity endpoints measured in the laboratory water toxicity tests were always less
than the D. magna SMAV presented in USEPA (2001). All aspects of the laboratory
water toxicity tests (test design, water chemistry, and toxicity results) were evaluated to
ensure results were appropriate and acceptable according to guidance provided In
USEPA (1984). ARCADIS (2013a) showed that the laboratory dilution water chemistry
was acceptable and representative of standard reconstituted water used to derived
national criteria (j.e., low TOC and TSS, appropriate hardness concentrations, and
appropriate alkalinity and pH for the hardness ranges tested). Additionally, copper
toxicity endpoints were within the range reported by others (including the copper
toxicity values for D. magna used to derlve the cumrent copper standard and D. magna
toxicity values used in the USEPA [2001] SMAYV calculation).

After validating all aspects of laboratory dilution water tests, the copper toxicity
differences measured between Site and laboratory waters can be assumed to
represent the mitigating properties of site-specific water chemistry. Applying the SMAV
to the WER denominator can therefore provide a margin of safety because the
sensitivity of the numerator (i.e., site-water toxicity endpoint) is not adjusted to
comrespond to the sensitivity of the denominator {i.e., organisms represented by the
SMAV). Therefore, this ensures a consenative WER value is derived,
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4.2.2.2 Chemisiry Variebility and Model Limits

A major advantage of the WER model approach is that it accounts for water chemistry
vanability when deriving a site-specific standard because the numeric value of the site-
specific standard is a function of the water chemistry for a sample. This approach is
consistent with the current hardness-based approach whereby a copper standard is
derived based on the handness concentration of a sample. As with the hardness-
based approach, it is important to apply the WER model to water chemistries within the
range of those used to develop the model. For example, the current hardness-based
approach specliies upper and lower hardness limits to the criteria equation: 25 mg/L
and 400 mg/L as CaCOs. These limits approximate the range of hardness
concentrations from toxicity studies usedto develop the hardness-based criteria,
application of the equation to hardness concentrations outside of this range is
uncertain because the linear relationship between toxicity and hardness might not
apply. Therefore, a hardness of 25 mg/L CaCO; is used fo calculate criteria in samples
with hardness less than 25 mg/L and a hardness of 400 mg/L CaCO3 is used to
calculate criteria in samples with hardness greater than 400 mg/L. As described
below, this framework can also be applied to the WER madel approach to ensure
criteria adjustments are made in an emvironmentally conservative way.

Site-specific copper toxicity was measured over a relatively wide range of water
chemistries, particularly dissolved organic carbon and alkafinity (the two predictor
variables in the proposed WER model). The upper range of DOC and alkalinity
concentrations used to develop the WER model will be used as the upper limits when
applying the equation to a sample's water chemistry to derive SSC. Based on the Site
toxicity data, these ranges are:

* Dissolved Organic Carbon range: 1.2 mg/L - 15.7 mg/L. In samples with
DOC concentrations greater than 16 mg/L, a value of 16 will be used in
the WER model equation.

s Alkalinity range: 27 mg/L =250 mg/L. In samples with alkalinity
concentrations greater than 250, a value of 250 will be used in the WER
model eguation.

Applying these limits to sampies containing DOC and/or alkalinity concentrations
greater than this range provides a margin of safety because more protection against
copper toxicity is expected at concentrations greater than those tested and used to
develop the model. In this way, the mode! can be applied in an environmentally
conservative way when addressing potential uncertainty associated with applying the
model to DOC and/or alkalinity concentrations greater than the model's range.

For samples containing DOC and/or alkalinity concentrations less than the range used
to develop the WER model (i.e., DOC = 1.2 mg/L; alkalinity = 27 mg/L), Chino does not
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propose to apply the lower limits ofthe model when deriving a SSC.

Although a lower limit is applied in the cument hardness-based approach, less
pratection against copper toxicity is expected at fower DOC and alkalinity
concentrations. Therefore, In samples In which alkalinity or DOC is less than the model
range, it would not be consenative to apply the lower limits ofthe model range to
derive a SSC. Figure 13 graphically depicts example SSC values celculated using the
proposed WER model equation across a range of DOC and alkalinity concentrations
{including alkalinity concentrations less than 27 mg/L; the minimum of the mode!
range). This clearly shows that, depending on DOC concentrations, SSC values
calculated at low alkalinitles (i.e., less than 10 mg/L) can be much lower than §SC
values calculated at 27 mg/L, theraby providing an emvironmentally consenative way
to handle alkalinity values less than the mode! range.

An evaluation of STSIU surface-water chemistry variability is provided in Appendix E.
Samples available for the evaluation include STSIU surface-water samples collected
during the monscon season in three different years (2010, 2011, and 2013). During the
2011 WER sampling, water chemistry was collected at five additional sample locations
{in addition to the 18 WER sampling locations) to Increase the spatial distribution of
chemistry samples in the STSIU study area (toxicity tests were not performed on these
five additional locations). Chemistry samples were also collected during the 2010 Wet
Season Sunay, which was performed during the planning phases of the current study
to gain a better understanding of Site-water chemistries. Last, samples were collected
during August 2013 to support this evaluation. As described in Appendix E, drainage
areas sampled in 2013 contained more water than previcus years due to strong
monsoonal precipitation that occur prior to, and during, the 2013 sampling effort.
Previous STSIU surface-water investigations (Le., the STSIU Remedial investigation
and Ecological Risk Assessment) primarily evaluated metal compliance trends, and
therefore did not sample all chemical parameters necessary to compare with the model

range.

In total, 4@ distinot surface-water samples have besn collected In the STSIU study area
and analyzed for the complete set of water chemistries (Including alkalinity and DOC
model parameters). This includes the 17 samples used to develop the WER model
and 32 additional samples collected to evaluate water chemistry characteristics.
Overall, this evaluation indicates that the range of chemistry used to dewelop the WER
model (i.e., the range of DOC and alkalinity measured in the 17 toxicity tests conducted
using various STSIU surface waters) is representative of the range of chemistries
typically observed in the STSIU surface waters. Additionally, Appendix E shows that
the range of other parameters determined in this study to be significant predictors of
Site-specific toxicity {i.e., TOC, Hardness/Alkalinity and TSS) also compared well with
ambient samples collected across STSIU,
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The WER model was developed from chemistry and toxicity data collected

across eight sub-watershed units during two distinct sampling events in the 2011
monsoon season. As a result, this model is based on awide spatlal range of STSIU
surface-water samples. Given the limited persistence of water in the STSIU drainages,
and limitations assoclated with the lack of water in many of these drainages during the
dry season (and the lack of water in many portions of these drainages during the wet
season), these samples also provide a temporal range representative of local climate
and hydrology. Therefore, the curment mode! is calibrated to a sufficient temporal and
spatial range for application to STSIU surface waters.

As stated previously, an advantage of the model is that It predicts toxicity well across
the wide range of water chemistry values that thus far have been recorded for STSIU
waters. That Is, modei-predicted EC50 values are a function of water chemistry values
(analogous to hardness-based criteria or BLM-based predictions, which also are
considered to be applicable across the entire range of water chemistry with which they
were calibrated). For this reason, water chemistry variability within STSIU is not
expected to be a limitation of this model-based approach; instead, site-specific criteria
values derived from this model-based approach will be reflective of the water chemistry
variability expected at STSIU.

4.2.2.3 Geographic ExientofModel Application

Some additional background information will be useful to this discussion. The STSIU
study area was established as part of the AOC to address potenttal releases of mining-
related constituents to the surounding landscape. The conceptual site moded for
STSIV identified fugitive dust emissions from the smelter as the primary source of
contamination to STSIU solls and drainage areas. The smelter is no longer an active
source of contamination because it was dismantled in 2007 (active smelting operations
ceased in2002). Copper is the primary constituent of concern within the STSIU area
(SRK 2008).

The STSIU surface-water dreinages evaluated in this study and proposed for SSC
application were not contaminated by point-sources of contamination such as
discharges or tailings. Instead, these drainages were contaminated by a diffuse, non-
point source of copper contamination (i.e., historic emissions). Based on previous Site
investigations, including a recently completed hydrology-based Use Attainablfity
Analysis (UAA) (ARCADIS 2013c), most surface-water drainages in the STSIU area
are characterized as ephemeral, flowing only in direct response to monsoonal
precipitation. As a result, surface waters in STSIU have limited temporal and spatial
persistence. Besides direct stomm flow runoff, STSIU surface-water emvironments
consist of isolated pools, typically located in the higher elevations of STSIU and within
predominately bedrock channels. This has been observed consistently throughout
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various Site investigations, including the surface-water sampling sampling
conducted to suppon this study.

From information coliected in this study and previous Site investigations, the surface-
water sample iocations discussed and graphically depicted in Appendix E largely
represent the drainage locations where surface-water pools tend to exist in STSIU,
particularly during the wet season {(since most of these locations are completely dry
outside of the wet season). Because of this, the available surface-water chemistry
data, collected across a wide spatial and temporal range, provides a strong
representation of the types and chemistry of available surface waters in STSIU,

Appendix E shows that the chemistry range used to develop the model sufficiently
represents the range of ambient surface waters in the STSIU study area. Therefors,
the recommended geographic range for mode! application Is the STSIU study area
(Figure 1), excluding any portion of Hanover and Whitewater Creeks. Application of
this model to surface waters outside of the STSIU study area Is not recommendad or
proposed because the modal is calibrated to the specific chemistry of STSIU surface
waters, which is distinct from other sumounding surface waters given the unique
geologic, hydrologic and upland characteristics ofthe STSIU area. For example,
Hanover and Whitewater Creeks, the primary adjecent surface waters to STSIU, ars
characterized by substantially greater water hardness concentrations compared to
STSIU surface waters and the range used to develop the WER model.

4.2.2 4 Prolectiveness inherentin Criteria Derivation

The proposed WER-model approach does not decrease any of the protectiveness
inherent in the process of derivation of water quallty criteria that is prescribed in
USEPA (1985), inciuding protecting 95% of the species, dividing the final acute value
(FAV) by 2 to derive an acute criterion, and dividing the FAV by the acute-chronic ratio
toderive a chronic criterion. Accounting for the toxicity-modifying effects of water
chemistry parameters (which is all the proposed WER-model approach does) will not
decrease the protectiveness of the criteria-derivation procedure. '

5. Conclusions and Recommendations

The conceptual approach of developing a WER model that can be applied to STSIU
surface waters was presented in the ARCADIS (2011) work plan. By letter dated
September 1, 2011, NMED provided comments to this work plan and expressed
agreement with a general WER-model! approach, recognizing that the nature of this
study differs significantly from the specific scenarios addressed in the USEPA (1994)
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WER guidance. Results from the studies described in that work plan were
evaluated against USEPA WER acceptability criteria and fully reported in the Interim
Report {ARCADIS 2013a).

Using the chemistry and toxicity data reported in ARCADIS {2013a), a draft version of
this report wag submitted to NMED SWQB in April 2013, pricr to the June 10 2013
meeting between Chino and NMED SWQB that was mostly focused on this WER
model approach. Based on discussions from that meeting and from NMED SWQB
comments to the draft report {dated July 1, 2013), this current revised Copper Toxicity
Model report provides the statistical basis and specific guidelines for implementing a
WER model to derive copper SSCthat can be applied to STSIU surface waters. The
sampling and toxicity testing methods, proposed WER model, and recommendations
for implementing the propesed WER mode! are consistent with the general WER-
model approach discussed in previous reports.

The proposed WER model was selected based on statistical relations between Site
chemistry and measured toxicity and by linking these relations 1o the dominant
mechanisms of copper toxicity that occur within the specific range of STSIU water
chemistries. From a statistical standpoint, the proposed model was determined as the
best-fit statistical modal based on the level of statistical significance associated with
MLR analysis, by evaluating the co-linearity of input parameters, and by considering
the accuracy of model predictions. Additionally, recommendations for implementing
the mode! are based on an understanding of the hydrology, upland properties, nature
and extent of contamination, and surface-water chemistry that is known to occur
throughout the study area.

Regarding model-input parameters, NMED's comments to the ARCADIS (2011) work
plan suggested that TSS and pH be evaluated in addition to dissalved organic carbon,
hardness, and alkalinity. These parameters are discussed in Section 3, and the
statistical results are listed in Table 3 and Appendices B, C, and D (in addition to
evaluations of other model input parameters not specifically identified by NMED
comments). Based on this evaluation, it is concluded that although these water
chemistry parameters (as woll as other water chemlstry parameters) can affect copper
toxicity, they are not significant drivers or reliable predictors of copper toxicity within
STSIJ surface waters.

Including TSS and pH as model parameters did not provide a better-fit model based on
these analyses; neither of these parameters was significantly associated with observed
toxicity values (judged by the ievel of statistical significance of each parameter in the
MLR models and based on the Pearson Comelation summary). In fact, pH should
have little direct effect on copper toxicity at pH values abowe approximately 6.5,
because hydrogen ions (H", of which pH is an index) are not an effective competitor for
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binding to biotic ligands until the pH is below approximately 6.5 (because H*
concentration increases as pH decreases). Thersfore, at pH values characteristic of
most STSIU walers, H' ions provide relatively little protection against copper toxicity.
In contrast, pH can have an important indirect effect on copper bioavailability by
changing the bicarbonate/carbonate (HCO57CO5”) ratio in the exposure water and
leading to higher concentrations of carbonate (which has ahigher affinity for copper
than bicarbonate has) at higher pH values. However, because alkalinity generally
increases as pH increases, the two paramelers usually are well-correlated, Therefore,
inclusion of pH and alkalinity in a statistical-based mode! would be duplicative and
might cause the mods! to be unstable because of high co-inearity betwesn the two
predictor variables.

As proposed in the work plan, BLM evaluations were also performed on water samples
used in the toxicity tests; and these results were summarized in this report. These BLM
analyses confimed general comelation and regression trends obsened betwesn water
chemistry and toxiclty values, and provided additional verification of the WER model’s
performance. On the basis of model accuracy, the MLR model approach was
determined to provide better predictions, without systematically over- or under-
predicting toxicity values (in contrast to the BLM that systematically under-predicted
toxicity [i.e., the BLM predicted higher EC50 values than the measured EC50 values]).

In conclusion, this report proposes a specific WER model that can be applied to STSIU
surface waters to derive site-specific copper criteria. The proposed model has high
predictability and covers wide temporal and spatial conditions found in STSIU surface
waters. As demonstrated in this report, the specific implemantation steps and margin
of safety recommendations proposed kersin for deriving and applying SSC to STSIU
surface waters provides a technlcally-defensible basis to address Site-spacific
challenges, while also providing for environmentally conservative SSC. Therafore,
Chino recommends that NMED adopt this MLR-model approach for deriving S8C In
STSIU surface waters,
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TABLE 1
SUMMARY OF MEASURED DISSOLVED COPPER CONCENTRATIONS AND COPPER GOMPLIANGE EVALUATIONS BASED ON THE
HARDNESS CMC AND WER-ADJUSTED CMC

FREEPDRT-MCMORAN CHING MINES COMPANY
VANADIUN, NEW MEXICO
SMELTER/TAWINGS SOILS 1) SITE-SPECIFIC COPPER TOXNICITY MODEL REPORT

1-2 6.5 5.334 84 11.4 0.57 0.11
1-D1-2 32.3 13.104 54 7.5 4.30 0.33
1-D2-1 32.8 8.027 42 59 5.53 0.69

16 574 14.407 54 75 7.63 0.53

1-7 43.0 477 106 14.2 3.03 0.64

19 71 2.207 88 11.8 0.60 0.27

1-10 54 2.804 262 333 0.16 0.06
111 43 5.956 154 20.2 021 0.04
1-12 2.1 0.989 76 104 0.20 0.20
1-RCS1 5.0 3.273 48 6.7 0.74 0.23

21 3.4 4,046 104 13.9 0.24 0.06

2-6 30.2 6.151 50 7.0 4.32 0.70
2-D1-2 17.9 5.724 (1] 83 216 0.38

2-9 13.7 11.530 §2 111 1.23 0.11

211 7.9 6.889 102 13.7 0.58 0.08
2-12 3.6 2.251 80 10.9 0.33 0.1
Noies;

T WER = Sita waler EC50 J 18.31 (BMAY reportad by USEPA [2004]).
2 Dissoived Cu CMC = exp(0.8422n{handneasiv-1.7{0.96)

*t bagad Cus CAIC ralo = Dissolved Cu / Hurdness-Based CMC
‘wWER.ady CuCMC vea ratia % Di Cu / (WER x hardnass-basad Cu CMC)
TMGC = critsria maximum conceniraon

SMAV = spacies mean acule value

WER = wyter offact ratio
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TABLE 3
Statistical Summaries of Step-Wise Multiple Linear Regression Analysis

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT

Summary of addmonal multiple regression analyses performed for WER model evaluation.

Adj R = 0.838
Regression p-value = < 0.001

Log LC50 = -0.128 + (0.703 * log TOC) - (0.787 * log {H/A}Y) + (0.653 * log TDS)
Coefficient  Std. Error t p-value VIF
Constant 0.128 0.536 -0.238 0.815

log TOC 0.703 0.149 4.718 <0.001 1.302
-0.787 0.226 -3.486 0.004 1.336

2.8 0.015 1.073

Regression p-value = < 0.001
Log LCS50 = -0.0439 + (0.633 * log DOC) - (0.438 * log (H/A)) + (0 645 * log TDS)

Coefficient Std. Error t VIF
Constant -0.0439 0.534 -0.0822 0.936
jog DOC 0.633 0.135 4,701 <0.001 1.865
log (HIA) -0.438 0.268 -1.631 0.127 1.878

0.234

2.759 0.016 1.075

Log LC50 = 0.122 + (0.674 * log TOC) - (0.780 * log (H/A)) + (0. 663 log TDS) - (0.0308 * pH )

Coefficient Std. Error t VIF
Constant 0.122 0.778 0.157 0.878
llog TOC 0.674 0.168 4,051 0.002 1.524
log (H/A) 0.79 0.233 -3.39 0.005 1,338
Iog TDS 0.663 0.242 2.746 0.018 1.083
0.0308 0.0674 -0.458 0.655 1.202
4. lnpui Parameters: DOC, Hardness/Alkaiinity, 1D5, pH
R*=0.869
Ad] R? = 0.826
Regression p-value = < 0.001
Log LC50 = -0.254 + (0.664 * log DOC) - {0.411 * fog {H/A)) + (0. 634 log TDS) + (0.0256 * pH)
Coefficient Std. Error t VIF
Constant 0.254 0.824 -0.309 0.763
log POC 0.664 0.166 4.009 0.002 2,628
log (HIA) 0.411 0.288 -1.426 0179 2.021
log TDS 0.634 0.244 2.598 0.023 1.092

pH 0.0256 0.0744 0.344 0.736 1.447




TABLE 3
Statistical Summaries of Step-Wise Multiple Linear Regression Analysis

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS JU SITE-SPECIFIC COPPER TOXICITY MODEL REPORY

R

nput I arameters: TOC; Hardnegs/Alkalinity, {TBS+155) B T
=o 869
Adj R? = 0.838
Regression p-value = < 0.001
Log LC50 = -0.126 + (0.700 * log TOC) - (0.794 * log (H/A)} + (0- 650 Log TDS+TSS)
Coefficient Std. Error t ViF
Constant 0.126 0.536 -0.235 0. 818
log TOC 0.7 0.149 4.692 <0.001 1.304
log {(H/A) 0.784 0.226 3.517 0.004 1.332
Log TDS+TSS 0.65 0.232 2.796 0.015 1.071
R -0 867
Adj R? = 0.837
Regression p-value = < 0.001
Log LCS0 = -0.0365 + (0.630 * log DOC) - {0. 447 log (H/A)) + (0.640 * Log TDS+TSS)
Coefficient  Std. Error P VIF
Constant -0.0365 0.536 0. 0682 0.947
log DOC 0.63 0.135 4.658 <0.001 1.868
log (H/A) -0.447 0.269 -1.662 0.12 1.872
Log TDS+TSS 0 64 0.234 2. 737 0 017 1.073
= Input Parameters: TOC, Hardness/Afkalinity, TSS, pH et M S A PR DA o ST
R"=0.815
Adj R® = 0,753
Regression p-value = < 0.001
Log LCH0 = 1.330 + (0.697 * log TQC) - (0.907 * log (H/A)) + (0.176 * Log TSS) - (0.0110 * pH)
Coefficient Std. Eror P VIF
Constant 1.33 0.741 1. 794 0.098
log TOC 0.697 0.199 3.5 0.004 1.624
Jlog (H/A) 0.807 0.275 -3.2089 0.006 1.295
Log TSS 0.176 0.13¢2 1.267 0.229 1.022
pH 0.011 0.0804 0. 137 D 893 1.191
8, Input Parameters: DOC, Hardness/Alkalir alinity; TSS, pH ' e POl o, - e e o,
R =0.811
Ad] R < 0.748
Regression p-value = < 0.001
Log LCS0 = 0.806 + (0.689 * log DOC) - {0.509 * log (H/A}) + {0. 137 Log TSS) +{0.0460 * pH )
Coefficient Std. Error t VIF
Constant 0.906 0.828 1.094 0. 296
log DOC 0.689 0.201 3.427 0.005 2,672
log (H/A) -0.509 0.348 -1.465 0.169 2,027
Log TSS 0.137 0.142 0.97 0.351 1.047
0.046 0.0889 0.518 0.614 1.427
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b. Input Parameters: 10, Hardness/AIKalinity, 155
R°=0.814

Adj R* = 0.772

Regression p-value = < 0.001

Log LCE0 = 1.232 + (0.707 * log TOC) - (0.905 * log (H/A)) + (0. 176 Log TSS)

Coefficient  Std. Error t VIF
Constant 1.232 0.186 6.631 <. 001
log TOC 0.707 0.178 3.975 0.002 1.315
log (H/A) -0.905 0.264 -3.428 0.004 1.203
Log TSS 0.176 0.133 1.321 0.209 1.021
10, Input Parameters: DOC, Hardness/Alkalinity, 1S EEeR ey AL oneeny {
R*=0.807
Adj R® = 0.762
Regression p-value = < 0,001
Log LC50 = 1.325 + (0.634 * log DOC} - (0.560 * log (H/A)) + (0. 141 Log TSS)

Coefficient Std. Error t VIF
Constant 1.325 0172 7.715 <0.001
log DOC 0.634 0.1686 3.825 0.002 1.925
log (H/A) -0.56 0.324 -1.73 0.107 1.864
Log TSS 0.141 0.138 1.025 0,324 1.045

1. Input Parameters: TOC, Hardness, Alkalinity, 1 T : 3

R*=0.844
Ad] R = 0.792

Regression p-value = < 0,001
Log LC50 = 0.705 + (0.730 * log TOC) - (0.549 * log Hardness) + (0 837 * log Alkalinity) + {0.102 * Log TSS)

Coefficient Std. Error t VIF
Constant 0.705 0.39 1.807 0.096
iog TOC 0.73 0.17 4286 0.001 1.325
iog Hardness -0.549 0.344 -1.596 0.136 3.899
log Alkalinity 0.837 0.256 3.2n 0.007 4.052
Log TSS 0.102 0.136 0.7562 0.467 1.171
. Input Parameters: DOC, Hardness, Alkalinity, -
R*=0.855
Ad) R? = 0.807
Regression p-value = < 0.001
Log LC50 = 0.621 + (0.680 * log DOC) - {0.0456 * log Hardness) + (0.417 * log Alkalinity) + (0.0393 * Log TSS)
Coefficient  Std. Error t P VIF
Constant 0.621 0.383 1.621 0.131
log DOC 0.69 0.152 4.645 <0.001 1.992
log Hardness -0.0456 0.388 0.117 0.908 5.334
log Alkalinity 0.417 03 1.39 0.19 5.998

log TSS 0.0393 0.134 0.294 0.774 1.22
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13 Input-Paramigters - TOC; HardnesstAikaliniy; |
R"=0.847
Adj R* = 0.778

Regression p-value = < 0.001
Log LCSO = 0.993 + (0.698 * log TOC) - (0.530 * log Hardness) + (0.838 * Iog Alkafinity) + (0.0960 * Log TSS) - (0.0365 * pH)
ViIF

Coefficient  Std. Error t
Constant 0.993 0.736 1.348
log TOC 0.698 0.189 3.605
log Hardness -0.53 0.358 -1.481
log Alkalinity 0.838 0.265 3.167
log TSS 0.096 0.141 0.68
pH -0.0385 0.078 -0.468
4. Input Parametdrs DOC, Hardrigas, Alkalinity, 1S58, pH. "
R"=0.856
Adj R® = 0.791

Regression p-value = < 0,001
Log LC50 = 0.437 + (0.715 * iog DOC} - (0.0328 * log Hardness) + (0.396 * log Alkalinity) + (0.0382 * Log TSS) + (0.0219 * pH)
P

0.205
0.004
0.167
0.009
0.511
0 649

1.524
3.049
4.053
1.181
1 247

Cosfficient  Std. Error t VIF
Constant 0.437 0.795 0.55 0.593
log DOC 0.715 0.184 3.894 0.003 2.687
log Hardness -0.0328 0.407 0.08086 0.937 5.41
iog Alkalinity 0.396 0.322 1.229 0.245 6.381
log TSS 0.0399 0.139 0.286 0.78 1.22
pH 0.0219 0.082 0.267 0. 795
16 Input:Pardmeters? 106, Alkalinity,’ ,; R e e P
R°=0.810 T
Ad) R®=0.766
Regression p-value = < 0.001
Log LC50 = 0.0802 + (0.846 * log TOC) + (0.471 * log Alkalinity) + (o 0804 * log TDS)
| Coefficient Std. Error t VIF
Constant 0.0802 0.724 €111 0.914
log TOC 0.846 0.168 5.107 <0.001 1.114
log Alkalinity 0.471 0.225 2.096 0.056 2.775
log TDS 0.0804 0. 437 0.207 0.836 2.605
. Input Parameters: DOG, Alkalinity, 1D - A R,
R°=0.861
Adj R = 0.829
Regression p-value = <0.001
Log LCS0 = 0.134 + (0.718 * log DOC) + (0.273 * log Alkalinity) + (o 296 * log TDS)
Coefficient Std. Error t VIF
Constant 0.134 0.618 0.217 0. 832
log DOC 0.718 0.113 6.347 <0.001 1.246
fog Alkalinity 0.273 0.202 1.353 0.199 3.046
log TDS 0.206 0.378 0.783 0.448 2.659
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Statistical Summaries of Step-Wise Multiple Linear Regression Analysis

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SDILS 1U SITE-SPECIFIC COPPER TOXICITY MODEL REPORT

R7 =0, 81 0

Adj R® = 0.782

Regression p-value = < 0.001

Log LC50 = 0.220 + (0.843 * logTOC) + (0.507 * log Alkaliny)

Coefficient Std. Error t P VIF
Constant 0.22 0.248 0.888 0.389
logTOC 0.843 0.159 5.292 <0.001 1.105
0.507 0.137 3704 0.002 1.105
hput | eters:: dlinity Lk A G L
=0.854
dj R® = 0.833
Regression p-value = < 0.001
Log LCS50 = 0.588 + (0.703 * log DOC) + (0.395 * log Alkalinity)
Coefficient Std. Error t P VIF
Constant 0.588 0.209 2811 0.014
0.703 0.11 6.393 <0.001 1.242
0 395 6.125 3.152 0.007 1.212
- ’pH . W e LSS
Regression p-value = < 0.001
Log LC50 = 0.646 + (0.793 * log TOC) + (0.523 * log Alkakinity) - (0 0511 * pH)
: Coefficient  Std. Error t VIF
Constant 0.646 0.7 0.924 0.373
log TOC 0.793 0.18 4.403 <0.001 1.354
log Alkalinity 0.523 0.142 3685 0.003 1.141
pH -0.0511 0.0782 -0.653 0.525 1.228
. Input Parameters: DOC, Alkalinity, pH e
R*=0.855
Adj R? = 0.822
Regression p-value = < 0.001
log LC50 = 0.418 + (0.725 * log DOC) + (0.384 * log Alkalinity) + (0 0214 * pM)
Coefficlent  Std. Error VIF
Constant 0.418 0.632 0. 662 0.52
log DOC 0.725 0.136 5,312 <0.001 1.742
log Alkalinity 0.384 0.136 2824 0.014 1.329

0.0214 0.0751 0.285 0.78 1.439




TABLE 4
INSTRUCTIONS AND A STEP-BY-STEP EXAMPLE FOR USING THE PROPOSED WER MODEL TO DERIVE AND APPLY 88C TO
STSIU SURFACE WATERS

FREEPORT-MCMORAN CHING MINES CONPANY
VANADILM, NEW MEXICO
SMELTER/TAILINGS BOILS IU SITE-SPECIAIC COPPER TOXICITY MODEL REPORT

Proposed MLR Model: Log EC50 = 0,588 + (0.703 » log DOC) + (0.395 * log Alkalinity)

Sample WER-1-1 water chemistry (select paramatess required for MLR-modsl application):

Log EC50 = 0.588 + (0.703 » log DOC) + {0.395 * log Alkalinity)
Predicted EC50 = 10[0.588+(0.703 xlog 10.7)+(0.395 x log 74)

Predicted EC50 = 112203

8:;152. Nﬁtmallaﬁ h WW‘SMMrECﬂloamndardhhrdnmﬁﬂﬁgmw-éﬂh a fiardness "~ AT
slopa: — < : :

'Standard Hardness 0“23
ECSOsurners normatized  EC0ar sample hardness ¥ m}

0.9422
EC50, 0 iness normatized = 112203 X (19(:,0)

to cailcy aumme K saw.:e wga. :

Site Water EC50;,, 4np0c normalized

Sample WER = D.muagna SMAVRGTdRess v, rmatized

123.91

Sample WER = ETETS

Sample WER = 6417

Sample site specfic Cu CMC = WER x Hardness Based Standard

Sample site specfic Cu CMC = 6417 % 12.169

Sample site specfic Cu CMC = 78.088% dissolved Cu
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FREEPORT-MCMORAN GHINO MINES COMPANY
VANADIUM. NEW MEXICO

SITE-SPECIFIC COPPER TOXICITY MODEL
REPORT

REGRESSION OF ALKALINITY COMPARED TO
MEASURED DISSOLVED COPPER ECS50 VALUES
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R?= Coefficient of determination anrm?m CHINO MINES COMPANY
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REPORT

Chemistry data were log-transformed
for regression analysis

REGRESSION OF ALKALINITY COMPARED TO
HARDNESS
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D. magna dissolved Cu EC50 (pg/L)

Notes:

R2= Coefficient of determination

p-value = Statistical level of significance

Toxicity and chemistry data were log-transformed
for regression analysis

Hardness / Alkalinity

FREEPORTHMCMORAN CHINO MINES GOMPANY
VANADIUM, NEW MEXICO
SITE-SPECIRC COPPER TOXICITY MODEL
REPORT

REGREBSION OF HARDNESS/AL KALINITY
COMPARED TO MEASURED DISSOLVED
COPPER ECS50 VALUES
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10 100 1000
Total dissolved solids (mg/L)

Notes:
R = Coefficient of determination FREEFORTAICNORAN CHINO MNES COMPANY
p-value = Statistical level of significance SITE-SPECIAC COPPER TOXICITY MODEL
Toxicity and chemistry data were log-transformed REPORT

for regression anawsis REGRESSION OF TDS COMPARED TO

MEASURED DISSOLVED COPPER ECS0 VALUES
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Notes:

R2= Coefficient of determination
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Dissolved Organic Carbon (mg/L)

p-value = Statistical level of significance
Toxitity and chemistry data were log-transformed

for regression analysis

FREEPORT-MCMORAN GHIND MINES COMPANY
VANADILIM, NEW MEXCO

SITE-SPECIRC COPPER TOXICITY MODEL
REPORT

REGRESSION OF DOC COMPARED TO
MEASURED DISSOLVED COPPER ECSD VALUES
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Toxicity data were log-transformed

REGRESSION OF pH COMPARED TO

for regression analysis MEASURED DISSOLVED COPPER EC50 VALUES
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@® MLR inputs: TOC, H/A, TDS; R? = 0.87
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Notes:

Measured Copper EC50 (ug/l.)

R2= Coefficient of determination {for predicted vs. measured EC50 comparison)

p-value = Statistical level of significance

Predicted and measured ECS0 values were Jog-transformed

for regression analysis

Solid diagonal line = predicted EC50 equals measured ECS0
Pashed diagonal lines= * 2-fold measured versus predicted

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO

SIE-SPECIAC COPPER TOXICITY MGDEL
REPORT

MLR MODEL-PREDICTED DISSOLVED COPFER
EC50 VALUES COMPARED TQ MEASURED
DISSOLVED COPPER ECS50 VALUES
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BLM-Predicted Copper EC50 (ug/L)

Measured Copper EC50 (ug/L)
Notes:
R?=Coefficient of determination ‘“‘E”“mmﬁé‘h“.&%‘é .
p-value = Statistical level of significance SITESPECHFIC COPPER TOXICITY MODEL
Predicted and measured EC50 values were log-transformed = :?:.Tvm —
for regression analysis BLMPRENCT gOn!

Sold dagoral e = pedicted ECS0equals measured ECS0 DR VET Cerom:. Erse aLIeS
Dashed diagonal lines= 1 2-fold measured versus predicte FIGURE
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Notes:

2= H FREEPORT-MCMORAN CHINO MINES Y
R?= Coefficient of detennlnatl_on VANADIUM, o uenh:':.o. R
p-value = Statistical level of significance SITE-SPECIIC COPPER TOXICITY MODEL

Predicted EC50 values were log-transformed REPORT
BLM-PREDICTED DISSOLVED COPPER ECS0

for regression analysis
Solid diagonal line = BLM predicted EC50 equais MLR-model-predicted EC50 FM%B&%"&V@ e};’;,'.‘,','? 5%50 VALUES
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Site-Specific Cu CMC (pgil)
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Alkalinity (mg/L)

Notes:

CMC = Criteria Maximum Concentrations
Example Site-specific CMC values calculatedata
hardness of 100 mg/L.

FREEPORT-MCMORAN GHINOMINES COMPANY

VANADIUM, NEW MEXCO

SITE-SPECIRC COPPER TOXIGITY MODEL
REPORT

EXAMPLE OF SITESPECIRG COPPER CMC
CALCULATED UBING THE PROPOSED WER WODEL
APPROACH OVER AN ALKALWITY AND DOC RANGE
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APPENDIX A: TABLE 1
EUMMARY OF ALL SURFACE WATER SAMPLING LOCATIONS

VANADIUN, HEW MEXICO ]
SMELTERTAILINGY SOLS 1 SITESPECINC COPPER TOXIGITY MODEL REFORT

e e e T = e e U SEAPRN TRV
T -

WER-1-1 LuckySn | ospoeeo | s27eie8 | 18 | 10 061 2947 | 0261 - 708 |
WER-1-2 Lucky Bl | -108.083141 ] 78978 | 20 10 0z3 2238 0258 = 62
WER-A-5 CDminage | -100.101816 | 32606748 | 50 4 024 31.67 0.205 - 628
WERAD Cohwinege | -108.0898 | 527207 | 4.6 15 024 2343 0.158 = | &4z
WER-1-7 BDminses ] 10806627 | 326879 | 25 16 0.55 2084 0.266 = | 78
WER12 Lower Mattin _|_-1060479 | 32.6992 [ 7 052 21.28 0.157 - 3
Mid -105,050604 | 32.720867 | 16 38 048 21.04 0.562 - 738

inego | -106.020081 | 22730813 ] 64 a4 0861 2547 0.357 - €37

Rustiar -10B.012367 | 52.747983 | 2.6 5 0.6 2217 0215 = 6.00

; 08026710 | 3274311 | 10 10 45 2.85 0.127 < 867 |

-108.198935 | 32.74895¢ | 6.5 2 049 1762 0382 - 7.41

Tw012702 | S2. 71088 | 2 3 0.73 21 0164 - 6562

L - N gl i e T B L,

Nolss

1. Sample 10 Sampie typa « Bampie round - Sample &

2 P Wom of DO for ! sampling éed oriiads.
LLL .Y

3G = degrend oelskn.



APPENDIX A: TABLE 2

FREEPORT-MCMORAN CHINO MINES COMPANY

VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS \U SITE-SPECIFIC COPPER TOXICITY MODEL REPGRT

SUMMARY OF ANALYTICAL CHEMISTRY METHODS

2Baraple Holding

Mation SRR i Erservation 3
Aluminum, dissolved M 200.8 ICP-MS HNO; to pH <2 |
Cadmium, dissclved M 200.8 ICP-MS HNO; to pH <2
[Caicium, dissoived M 200.7 ICP 0.2 180-d HNO; to pH <2
Copper, dissolved M 200.8 ICP-MS 0.0005 180-d HNO; to pH <2
|iron, dissolved M 200.7 ICP 0.02 180-6 HNO, to pH <2
[Lead, dissolved M 200.8 ICP-MS 0.0001 180-9 HNQ; io pH <2
[Magnesium, dissolved M 200.7 ICP 0.2 180-d HNO; 1o pH <2
[Manganese, dissoived M 200.7 IGP-MS 0.0005 180-d HNG, to pH <2
[Potassium, dissolved M200.7 ICP 0.3 1800 FIND; to pH <2
Sodium, dissolved M 200.7 ICP 0.3 180-d HNO, to pH <2

M 200.8 ICP-MS

T 2RI
. LE N o

M 200.8iC

P-MS )
|Cadmium, total M 200.8 ICP-MS 0.0001 180-d HNO; to pH <2
JCalcium, total M 200.7 ICP 0.2 180 HNO, to pH <2
[Copper, total M 200.8 ICP-MS 0.0005 180-d HNO, fo pH <2
Jiron, total M 200.7 ICP 0.02 180d HNO, to pH <3
JLaad, total M 200.8 ICP-MS 0.0001 180d HNO;to pH <2 |
JMagnesium, total M 200.7 ICP 0.2 180-d HNO; to pH <2
fManganese, total M 200.8 ICP-MS 0.0005 180-d HNO, to pH <3

nc, total

HNO; 1o pH <2 |

ICarbon. dissolved organic {DOC)

ric acid, cool

SM5310B 1 28-d (4 degree C)
ric acid, cool

ICarbon. total organic {TOC) SM5310B 1 26-d {4 degree C)
Jcation-Anion balance Calculation Calculation - =

{Chioride SM4500CLE 1 26-d .z 6degree C
IHardness as CaCO3 SM2340B-Calculation Calculation = -

IResidue, Fiiterable (TDS) @ 180 C SM2540C 10 - <6 degree C

Sulfate D516-02 - Turbidimetric 5 28d < § degree C
TDS {calculated) Calculation Calculation -~ -
TDS (ratio-measured/calculated) Calculation Calculation - -
Y5l data sonde - — -
F:mperau.zre YS| data sonde - - -
[Dissoived Oxygen YS! data sonde - - -
{Conductivity YS! data sonde - - -

Notes:

*Extended sample hokd time may ba required for some WER samples.

TOS = Total dissoived solids.
= Not pertinent to this Rald.
mg/L = miligrams per Ker



APPENDIX A: TABLE 3

EXPERIMENTAL CONDITIONS USED IN WER TOXICITY TESTS CONDUCTED WITH DAPHNIA MAGNA AND PIMEFPHALES

PROMELAS

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUR, NEW MEXICO
SMELTERITAILINGS SOILE JU GITE-SPECIFIC COPPER TOXICITY MODEL REPORT

EPA-§21-R-02-012
[Test Duration 48 hours 95 hours
ISample Collection Procedure Grab Grab
|Dilution Water NiA N/A .
Acclimation Cultured In moderately hard reconsfitued water | Cultured in moderately hard reconstitued water
Age of Organisms at Start ) <24 hr. old 7 day old
{Feeding None Before 48 hr. solulion renswal
Endpoint Mortality Mortality
Type of Exposura Chamber 30 mL disposable plastic cup 8 oz disposable plastic cup
Volume of Exposed Chamber 25 mL 250 mL
[Number of Animals Expesed/Chamber 5 10
INumber of Replicates/Treatment 4 2 In round 1; 4 In round 2
ITest Temperature 20.0 deg C +-1.0deg C 20.0 deg C +- 1.0deg C




APPENDDCA: TABLE 4

TIMELINE OF SURFACE WATER SAMPLES USED IN WER TOXICITY TESTS

FREEFORT- NG MNES

Vi EW MEXICO
BMELTER/TANLINGS SOILS I MIYE-SPECIFIG BOPMER TOXNHTY NODEL REPORT

s 2=

=t S

i B e

ST 1225

SN TEI0

Lah1 11:20 Daphais megne | 828
06111 13:05 | Daphelo megos | 6.5
B 1300 W21 930 311 10:35 N7 450 | Daphmismagne | 9.7
ER 17 23111 10:15 [TEE 211 11:28 86411 13:26 Dsphnin magna | 993
813011 545 &3111 625 1111030 95111 12:40
6/30/11 10:55 931711 8:26 91111 10:A45 WHAT1:50 | Daphnio magne 96.8
83011 11:40 &31/11 9:95 B4 11:60 S51112850 | Daphvis megna 955
9/2111 805 W31 8:45 B4N1 1G:15 20111540 | Daphoia magre | 102
211 11100 B118:45 H4/113 10:20 08111 16:16 100
QM1 908 B2t 930 9311 10:20

¥1/11 10:30

921711 1035

91811 1320 220011 ;30 Y2111 1125

919411 345 9/20/11 9:30 BR2M1 11:05

520011 12:00 22111 8:30 #22/11 10:48

920111 1245 B21H1 9:30 Q22111 10:50

220011 8:15 82111 9:30 SReNM1 1100 82313 11:15

SHO41 11:40 920011 8:30 21111 10:50 Br22111 10:25 23119 17:00 W25M1 16:25 101
— 0 = —




APPENDIX A: TABLE 5
WATER-CHEMISTRY PARAMETERS IN LABORATORY DHLUTION WATERS USED IN WER TOXICITY TESTS, MEASURED BY GEI LABORATORY

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIM, NEW MEXICO
SMELTERITAILINGS SOULS W SITE-SPECIFIC COPPER TOXICITY MODEL REPORY

o

A-80 20 80 8.2 58 0.283 7 144 <5 3.81
IB-80 20 78 8.24 22 0.201 7.2 143 <5 3,81
18-150 20 168 8.57 112 0.547 7.2 268 <5 1.16
jc50 20 50 7.98 36 0.187 7.4 92 <5 3414
{c-100 20 [ 8.3 66 0.343 7.2 168 <5 2.62
ip44 20 46 7.87 32 0.174 74 85 <5 1.88
jE-40 20 42 7.7 30 0.160 79 82 <5 1.86

20 72 48 5

20 42 32 . I
JA2-100 20 96 8.13 70 0.346 78 170 - 0.683
IB2-75 20 T2 7.65 52 0.269 7.2 12 — -
{B2-110 20 100 B.02 72 0.408 7.3 200 - 0.65
Notes:

1. Dueio a GEI Technician ermor, TOC rasvits from round 1 jaberstery dlution water tests axcesded hold times.

G = degrems oalsius

< valing - the material was snalyzed for, bul was not detected sbove the lavel of the associated value, The sssocioted value is either the samplo quentifcation imi or the sample detection imH,

mg CaCOyA = miligrams calciom carbonate par lor

mSiem = milkgiamens par cantimetar,

gL = miBgrams per Her.



APPENDIX A: TABLE 6
WATER-CHEMISTRY PARAMETERS IN LABORATORY DILUTION WATERS USED IN WER TOXICITY
TESTS, MEASURED BY AN EXTERNAL ANALYTICAL LASORATORY (ACZ)

FREEPORT-MCMORAN CHIND MINES COMPANY
VANADHIM, NEW MEXICO
SMELTERTAILINGS SOILS N/ $ITE-SPECIFIC COPPER TOMICITY MODEL REPORT

G | ol . ol ESTO
i R Sl LT S o A
14.8 7 6.5 10.9
- - 69_ =
13 62 5.8 9.6
- = 8 -
2.2 9 1.1

30.1

Dissolved inorganic carbon

mgit) - - = - = - -
Dizsolved organic carbon

(DOC} (mgh} =~ - - - - - -
Total inorganic carbon {mgiL) = B B - . — -
Total organic carbon (TOC)

mgiL} - - - = - - -
|Carbonate as CaCO3 (mgrL} 2 4 <@ | < <2 <2 <2
|Cation-Anion Balance % 0 0.8 3 -3.1 6.3 0 0
[Chioride (mgA) <1 2 1 _2 1 <1 <1
Hardnese as CaC03 ) 80 160 47 91 43 40 67
Hydroxide as CaCO3 (mgl) <2 <2 <2 <@ <2 =2 <2
ofal dissolved sofids (TDS)

- 180 40 100 200 100 80 150

Total suspended solids (TSS)

mg/L) <5 <5 <5 <5 <5 <5 <5
Sulfate {ma/.) 76 151 48 95 53 39 66
|Sum of Anions {meqiL) 27 5.4 1.7 3.3 1.7 1.4 2.3
Sum of Cations (megiL) 27 _55 16 a1 1.5 14 23
TDS (calculatad) (mg/L) 163 324 101 197 102 | 83 137
TDS (ratio -

| measuredicalculated) 11 1.08 099 | 102 | ose | 108 [ 100
{Total Alkalinity {mgAL.) 57 1M 34 86 32 20 47
Notes:

Bolded vaives- mnaiyte d { ot 2 value bab VDL and PQL. The sssoclated valus |s sn sstimated quantty.

< valuas - the material was anstyzed for, but wes not detected above the level of the associated vakus The atsociated value is sither the
sample quantification imit or the zample detection kmii,

mgfL = miligrams per Mer.

gl = microgeams per Yer.

meg/. = millequivalents per ter.



APPENDOCA: TABLE T
WATERCHESHETIY PARMAETERS B STSA WATER US2D I ALL WER TONCRY TEATE, MEASURED BY GFl LAGORATORY UPON SAMFLE COLLECTION

AND TOXICTTY TEST METIATION

T
1l o
Ll b Bl
i[5 J5] fs] L gz e fs}:
u‘u_uiuuuuu salxlalello
m_m_m_m m_m_m z B(zls[2 m_m ks £
w_m‘m_%mw LD
s{%|a|e|eistels :ﬁmm,_«
HAEERERE HEEHEREES
P P AR (S B Y Br ] n_n_u*u_mmun
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91
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BTEot
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+

CalTL
mbion u milssmans pov sunlvdnr.

gl () tiahi o sing D0 30 B4 mpll.
= dogans wbien
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APPENDIX A: TABLE 0
WATER-CHEMISTRY PARAMETERS IN STBIU WATER USED IN THE SECOND ROUND OF WER TOXICITY TESTS,
MEASURED BY AN EXTERNAL ANALYTICAL LABORATORY (ACZ)

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIOM, NEW MEXXOCO
SMELTERITAILINGS BOILS IU RITE-SPECIFIC COPPER TOXICITY MODEL REPORT

-5 | WER-2-3 | WER-2-11 | W 1t-.:'

B | TI*

Calclum, dissolved

Calcium, totel 263 | 11 10.8 26.7 19.7 16.7
nesium, dissolved 8.2 5.1 9.3 13.3 7 4.8
um, botal 8.6 5.4 10 141 8.6 5.1
Polassium, dissolved 2.6 3.4 8.4 5.2 2.8 - 28
Sodium, dissohved .
uminum, dissolved <1 5 7 10 8 <1
|Aluminum, total 20 282 307 1260 _123 1080
ICadmh.lm, dissolved <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium, total <0.1 <0.1 «<0.1 <09 <0.1 <1
Icopper. dissolved 3.4 0.2 13.7 7.9 3.6 17.9
kcopper, total 4.2 485 20.7 10.7 4.9 43
Jiron, dissolved <20 40 30 <20 <20 20
Jiron, totat 130 400 430 880 70 B70
JLead, disecived <0.1 <01 0.2 0.2 0.2 <0.1
Lead, total <0,1 0.3
Manganese, dissotved 3.2 176
Manganese, otal 55.4 709
Inc, dissolved 2 3
4
Bicarhonata as CaCOS (mgn.)
|Dissoived inorganic carbon (mgfL) 36.2 7.2
|issolved organic catbon (DOC) (mp/L) 19 11.4 12.3 12.3 34 10.5
Total inorganic carbon (mgil) 23.7 114 246 275 84 17
Total organic carbon (TOC) (mg/L) 11.2 10.2 15.1 135 6.5 6.4
[Carbonats as CaCO3 {mafl ) <2 . 5 <2 <2 <2
[cation-Anion Balance % 0 4 2.2 3.7 | 81 0
JChicride (mgiL) ‘ 8 2 5 6 a 2
JHardness as CaCO3 (mg/L.) a7 47 86 119 €9 57
JHydroxide as CaCO3 (mgiL) <2 <2 <2 <2 <2 <2
kH' 8.2 7.5 85 8.1 77 3
otal dissolved solids (TDS) (mg/L) 210 130 200 190 170 170
Total suspended solids (TSS) (mg/L} <5 <5 10 8 12 9
[Sulfate (mgiL) 40.7 233 8.7 225 64.4 31.8
Sum of Anlons (meq/L) 2.8 1.2 22 _ 28 2 1.9
Sum of Cations (meaq/L) 28 1.3 2.3 2.8 1.7 1.9
Total Alkalinity {mgiL) 89 36 95 102 3 80
Nolas.

! Analyals exceedad mathod hold tima, pH Is o field tost with no hold fime.

Bolded values- anplyie concentration defectad at a valua balween a MDL and PQL. The associated vaiua is an estimated quantity-

< values - the material was analyzed for, but was not detacted sbove the lovel of he associaled vaiue, The associaled value is either the sample
quantification fimit of the sample detection Hmit.

mg/L = milligrams per fiter.

pgiL = micrograns per Bier.

meq/L = mitliequivalents per liter.



APPENDIX A: TABLE 10
WATER-CHEMISTRY PARAMETERS IN STS{U WATERS NOT USED IN WER TOXICITY TESTS, MEASURED BY AN
EXTERNAL ANALYTICAL LABORATORY {ACZ)

FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIM, NEW MEXICO
SMELTER/TAILINGS SOILS |U SITE-EPECIFIC COPPER TOXICITY MODEL REPORT

14.3 17.8

Calcium, dissolved I
Calcium, total 7 14.3 18.3
nesium, dissclved 2.3 4.8 5.2
Magnesium, total 2 4.6 5.4
IPotassium, dissolved 25 47 6.0
6.7 12.6 7.7
A|umlnum. dlssolved 28 40 13 2 2 2
L Aluminum, total 114 582 21 40 21 50
Cadmium, dissolved <0.1 <0.1 <0.1 <0.1 <0.1 0,1
lcadmium, total 0.2 <0.1 <0.4 <0.1 <0.1 <0.1
|copper, dissolved 21.1 18.8 94.1 8.1 5.3 22
Icopper, total 27.3 30.1 131.2 8.5 6.5 34
I‘Imn. dissolved 50 70 <20 <20 <20 <20
Iron, total 290 400 240 <20 <20 <20
[Lead, dissolved 0.3 0.4 0.3 <D.1 <0.1 <0,1
{Lead, total 0.6 0.3 0.2 <0.1 <01 <0.1
Manganess, dissolved 3.6 18.1 12.5 16,6 4.4 10.4

M nese, total
Zing, digsolved

S T

|Dissoived inorganic carbon (mgiL) = - 5 - -
Dissolved organic carbon (DOC) (mavL) | 13.4 75 16.9 19 25 1.7
otal inorganic carban (mg/L) - — — — — -
Total organic carbon (TOC} (mg/L) 12.4 10.2 185 48 24 1.2
JCarbonate as CaCO3 {mg/iL) <2 <2 <2 <2 2 <2
|Cation-Anion Balance % 12.5 6.3 29 19 0 3
[Chioride (mgit.) <2 4 4 4 <]
[Hardness as CaCO3 (mg/L) 27 55 [ 105 40 67
JHydroxide as CaCO3 (mgll.) <@ <2 <2 <2 <2 <2
| (2N 7.9 7.2 7.9 8.3 7.5 71
Total dissolved solids (TOS) (mgfL) 100 180 160 180 80 130
Tota! suspended solids (TSS) gmg[l.) «<H ] [ 9 <5 =5
Sulfate (mglL) 10 56 38 20 24 46
fsum of Anions (meqil) 0.7 15 17 26 1 18
Sum of Cations (megiL) 0.9 1.7 1.8 2.7 1 17
Total Alkalinily (mg/L) 29 18 42 109 28 28
Notes:

! Analysis exceeded method hold tme. pH Is & field tast withno hokd {ime.
Bolded values- enalyte concentrabon detected at a value batween a MOL and FQL The associated vakuss i an estimaled quaniity.

< values - the material was analyzad for, but was nol defecied above the level of the essociated vaiue, The associaled value is alther the sample
quantification limit or the sample detection limit.

mg/L = mifigrams per ifter.
ugiL = micrograms per liter.
meq/L = milliequivalents per liter.



APPENDIX A: TABLE 11
TOTAL AND DISSOLVED COPPER EXPDSURE CONCENTRATIONS AND DAPHNIA MAGNA SURVIVORSHIP RESULTS MEASURED IN THE FIRST ROUND
OF LABORATORY WATER TOXICITY TEETS

VANADIUN, NEW MEXICO
SMELTERTALINGS SOILS W) BITE-BPECIFIC COPPER TOXCITY MODEL REPORT

e
0 <05 18
4 3 4 45 8.4 39 8.15 1820 85% 5%
8 6 4.7 5.35 a3 5.3 8.8 18120 95% 59,
g 85 68 7.7 29 7.2 B.55 1820 0% 10%
13 122 10.4 11.3 1286 82 10.9 7120 35% 65%
18 17.8 159 16.85 17.2 14.4 158 _0/20 0% 100%
[ <0.5 <0.5 <0.5 3.3 0.7 2 20020 100% 0%
4 4.1 38 3.85 34 3.7 3,75 11120 85% 45%
[ 58 5.2 55 [ 8.1 5.05 &/20 30% 70%
] 8.5 75 B 72 76 T4 T 35% 65%
13 124 8.8 10.95 <5 103 7,65 arng 40% 80%
18 19 16.9 17.95 16,6 6.9 18.75 1720 5% 5%
0 <0.5 0.7 <0.6 2.7 15 2.1 20420 100% 0%
8 8 73 7.85 6.6 74 8.85 18/20 80% 10%
12 126 9.7 11.15 9.3 8.9 9.1 19420 5% 5%
17 16,3 142 15.26 138 128 13.7 16/20 B0% 20%
24 234 188 216 21 15 18 11120 55% 5%
a5 23.8 329 3336 20.7 ap.3 30 6120 30% 70%
0 <08 0.8 <0.55 55 1.7 365 20120 100% 0%
3 24 3.1 3.25 33 3.3 2.3 20020 100% 0%
4 4.7 43 4.5 <5 4 <46 2020 100% 0% |
8 8.6 5.7 6.15 6.1 _51 5.8 18120 ‘o0% 10%
) 92 14 83 76 8.8 7.2 1120 £5%
12 134 116 125 10.5 105 10.5 10/20 50% 50%
0 <0.5 <05 <0.5 6.3 2.2 425 Z0/20 100% 0%
6 65 4.7 56 6.1 45 5.3 20/20 100% 0%
8 _ 88 65 7.7 7.5 64 695 1720 85% 15%
12 2.8 10.5 11.65 0.1 04 076 1B/20 90% 10%
17 18.4 133 15.85_ 14.1 12,3 13.2 13720 85% 35%
24 259 194 2265 20.1 17.9 19 20 10% 90%
0 <05 < <0.75 46 28 a7 18720 0% 10%
2 23 2 215 39 a7 " 38 20420 100% 0%
4 2.4 3 3.2 23 4 3.85 8120 45% 85%
5 _48 42 4.5 Ad 5 47 13120 B5% 35%
7 T 59 6.4 56 8.1 5.85 11720 55% 5%
10 0.9 83 0.2 8 83 8.15 520 25% 75%
[ 08 | <055 <05 <5 <2.75 1718 B4% 6%
2 28 23 245 F] 2.5 2.75 1190 5% 5%
4 4 4 4 29 3 _285 11120 55% 45%
5 54 48 5.1 4.3 4.1 42 2/20 10% 0%
7 8.1 7.3 7.7 [ 5.7 5.85 2119 1% 89%
10 11.5 10.7 114 8.8 83 8.55 0/20 0% 100%
0 0.5 <05 _ <0.5 15 <1.05 18119 00% 0%
4 4 3.4 a7 33 35 3.4 19/20 5% 5%
& 55 48 5.06 <5 441 455 1719 80% 11%
B 7.7 6.1 8.0 59 72 8.55 18120 0% 10%
11 11.4 8 102 9.4 9 9.2 7120 35% 85%
IE-70 16 16.5 149 16.7 13.3 1.8 12.45 4120 20% 80%
Notes;

o Water = witer sampied Just before Infiafion of the todoity tast,

Ol Waler = walor sampled st tha completion of the foxlclly eat.
<v-m-u-mmhlwun}mdw.m“mmmmmm«hmﬁnm mmmhmhummmmmuwmm

oA = microghams per ar



TOTAL AND DISSOLVED COPPER EXPOSURE CONCENTRATIONS AND DAPHNIA MAGNA SURVIVORSHIP RESULTS MEASURED W THE SECOND

APPENDIX A: TABLE 12

ROUND OF LABORATORY WATER TOXICITY TESTS

FREEPORT-MCMORAN CHING MIMES COMPANY
NEXI:Q

VANADHRM, NEW

SMELTER/TAILINGS SDILS NI SITE-BPECIFIC COPPER TOXICITY WODEL REPORT

HEWES —

==

L

85 9.26 8.1 78 7.85 2720
10.3 10.45 8.1 8.6 835 20/20
163 15.36 115 12 11.78 18/20
218 22._35 175 17.2 17.35 8/20
<0.6 <06 1 <05_ <0.75 20/20
3 34 <5 3.3 4.15 14/20
4.7 3.1 4.2 4.4 4.3 15_/_@_
_69 _73 6 64 82 11720
8.9 1 8.7 8.8 8.75 7720
17.7 17.5 124 14.2 13.3 0/20
<5 <1,35 <0.5 0.5 <0.5 20/20
1 112 9.8 114 10.45 20720
14.8 1585 _ 138 75 10.65 18720
223 2295 204 168 14,5 5/20 25% 75%
—— S—
in Watar = water sampiod jus1 before inkiation of the todchy tast.
Ot Water = water sampiod 22 hé compiebon of the toxicty st
< valusg - tha material was snalyzed for, but at d sbove the level of tha valun. The value is either the sampls quantificalion Jimit or ths sampie delection fms,

gt = micrograms par ier.




APPENDIX Az TABLE 13

TOTAL AND DISSOLVED COPPER EXPOSURE CONCENTRATIONS AND DAPHMA MAGNA SURVIVORSHIP RESULTS MEASURED I THE FIRST ROUND
OF ETHA WATER TOXICITY TESTS
FREEPORTUIGHORNY CHING MINES DONFNTY
WAMADUNI, NEW WEXICO
SUELTERTALNGS SOLI W ITE SPECIIC COPPER TORGITY SODEL REFORT

LLLuLmeTFTTWT

n_m_m_m_.m._u_ el m_“w ur_“ m_m_m_a u_ m_m_m_u n_“_m_m_u_“_m_m_

mulm“mmLyﬁmMAM EmmwﬂmmmLLmmmﬂﬂﬁuiﬂLmEﬁmMuﬂummﬁg
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W mmmmmumm,mememm M“mm@wmummmmmwﬂLLMMwémmu“mmgmyume%mwum&me
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RS L@#%Lﬁ,gmymmWw%memmm@&mmaﬁwmmeﬂumﬁmﬂﬁmmmmmwmww@,&mw
mﬁrnmumanunmLoaJu41n244mwuugwnAemmﬂoumﬁmwﬁo.nLaﬁ
Hmﬂ.Mﬁ_uﬁ_mm_m_m_uuumﬁﬁﬂumuumm_mw_m_m 121552
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APPENDIX A: TABLE 14
TOTAL AND DISSOLVED COPPER EXPOSURE CONCENTRATIONS AND DAPHNIA MAGNA SURVIVORSHIP RESULTS MEASURED W THE SECOUND
ROUND OF STSH) WATER TOXICITY TESTS

W, NEW MEXICO
SMELTERITALINGE BOILS W SITE-3PECHIC COPPER TOXICITY MODEL REFORT

0
48
68
98
140 1608 1720 &% 95%
21 200 189.2 1816 185.4 153 149 1485 120 5% 95%
1 288 265.7 2623 264.0 211 2187 214.85 0720 0% 100%
26 0 48.50 48.90 47.70 30.20 20.20 30.20 20720 100% %
28 51 5.3 945 849 782 742 76.2 azo 15% 85%
28 73 116 116.8 1164 885 9095 a0 15% 85%
-8 104 1474 145 1462 114.8 107 1108 0120 % 100%
0 18.60 20.70 19.65 13.70 _13.70 13.70 20120 100% 0%
42 559 554 56.7 503 _ 428 46.95 19720 95% 5%
122 128.7 1388 133.8 97.5 104.9 1012 2020 100% 0%
174 177 188.8 1829 148 137.8 142.9 14720 70% 30%
249 241 265.8 253.4 187.6 1818 184.7 12/20 80% 40%
0 980 9.80 _8.80 7.90 7.90 7.80 2020 100% 0%
87 845 783 814 69.6 50.8 60.15 18120 95% 5%
124 1195 1162 174 917 742 82.95 19720 95% 5%
178 167.1 185 161.1 1286 101.0 1162 15/20 76% 25%
254 _ 2344 228.7 _2316 177 1452 15846 | 620 4% 60%
363 325.3 306.2 3168 241.5 162 216.8 0/20 0% 100%
0 4.70 4.00 4.35 _3.60 360 260 19720 85% 5%
2 30.1 277 289 202 234 26.15 1820 90% 10%
4 409 6.8 388 40 204 347 820 45% 55%
58 5.7 52 539 501 40 45.05 a0 15% 85%
83 778 716 747 68 50 3.5 0/20 0% 100%
0 41.10 27.00 34.06 17.90 37.90 1790 18720 90% 10%
57 89.7 782 840 80 56.7 56.35 17720 85% 18%
B2 1125 955 1040 782 66.3 7225 | 520 | 26% 75%
17 142.1 127.5 1348 95.2 82.2 86.7 0720 0% 100%

hm=mmwmmuumm
mm-mnmmﬂmmmumwm
VL = micrugrany per Mar,



TOTAL AND DISSOLVED CO
ALL DAPH

FREEPORT-MCMORAN CHIND MINES COMPANY
VANADIUM, NEW MEXICD
SMELTERTAILINGS BOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT

APPENDIX A: TABLE 15

PPER MEDIAN EFFECT CONCENTRATIONS (EC508) CALCULATED FOR
NIA MAGNA LABORATORY WATER TOXICITY TESTS

C-100 16.23 16.54 156.576 15.88 Probit
6.284 13.06 6.033 12.54 Probit

T _e.183

—
14.00

poL = micrograms per liter.
Nomalized EC50 = Nomalized to a hardness of 100 mg CaCOL using hardness slope of 0.9422.
* = unaceeptable for use in Inferpreting WER results because ghcallnity was less than the appropriate rangs for the sample hardness.

20.05 X 19.24 20.00 Probit
6.871 8.363 6.596 8.989 Probit
20.08 20.08 19.28

19.28 Problt
'_Wi




APPENDIX A: TABLE 16
TOTAL AND DISSOLVED COPPER MEDIAN EFFECT CONCENTRATIONS (EC5Ds) CALCULATED FOR ALL DAPHNIA MAGNA STSIU
WATER TOXICITY TESTS

FREEPORT-MCMORAN CHINO MINES COMPANY
NEW MEXICO

Vi

JANADIIM,
SMELTER/TAILINGE BOILE W SITE-SPECIFIC COPPER TOXICITY MODEL REPORT

T e

b3

Watsn

WER 1-11 .

WER 1-12 E-70 76 17.8 23.08
IWER 1-RCE E£-40 45 78 75.39

WER D1-2 D44 54 211.3 3778

WER D2-1 148.8 336.9

WER 2-1 2.8

|_ng 2.6 AZ-45 50 81.14 155.9
WER 2-8° B2-75 B2 >253.4 >305.4
WER2-11 | 82-110 102 194.1 100.5
WER 2-12 B2-75 80 40.02 49.39
wer2-D1-2] A2-45 80 98.19 158.8
Notes

STSIU = SmetenTalling Soil Investigation Unil

4. No exposure treatment adversely affecied less than 50% of test organiams; therefore tha EC50 concentration ia less than the lowest Cu concentration.

b. No exposure reatment adversely affected more than 50% of test organisms therefors the ECS0 concentration ks greater than the highest Cu concentration.
1. To saify testing requirements, the matched labomatory control was swilchad,

mg CaCOyL =milligrams calcium carbonate per liter-
»a Cull = micrograms copper por fler.

Normalized EC50 = Normalized to 8 handness of 100 mg CaCOS/L using hardress slope of 0.8422,



APPENDIX A: TABLE AT

TOTAL COPPER VR« FOR DAFHNIA MAGNA, CALCULATED USING FOUR DIFFERENT DENOISNATORS I THE WER GALGULATION

mmummmmm

13 A0 [©] _1812 1448 ] 1057 13.04 C i 1399 X 2082
12 AR 7] 91,49 1078 [ 1067 § 1304 8210 5350 8272 7418
15 59 [ <534 - 50 40.40 1040 = - - =
8 D44 54 1803 32 48 6284 | 12.08 2589 [TT] 16.88 20
37 C100 o8 1180 [TTE] 2] 1023 | 1e54 o.755 &.552 408 7882
(Y] A0 [ 4578 5104 o 1057 | 1304 3.000 2588 2004 3561
110 B-150 202 1413 57.0 108 2545 | 1581 [Y 1] 2033 3316 2821
+11 C-100 154 223 1414 o 1623 | 1084 7028 [0 [
WER 112 J0 f] 17,02 08 7] | oeea | 1343 1.0 1447 1863 1587
+-Re8| B0 ] ST.16 75.30 42 4142 | 0370 4038 3.47 4.385 585
[¥7) [7] 2143 e 48 6284 | 1300 209 187 N7 2697
D44 42 1488 308 | 48 s284_) 13900 2.9 16.74 40,80 A7
= e =
X A2:100 104 4028 0.08 [ 05 | 208 | ATSE - 4.004 5704 [T
8 | asds 5 Biie | 1660 7] 6as0 | 1458 105 7049 2070 072
T 8276 [ >2634 | 23064 y2 eEr1 | o3 >32.62 »15.98 MK >21.011
11 B2:110 102 1041 1605 100 2008 | 20.08 2485 460 11.08 1390
212 B2.75 7] 40.02 45,30 T2 Ba71 | ea8) 8275 455 2873 957
WER2.D12 | A4S 00 08.19 1580 2 o440 | 1450 1080 207 0244 1003
b, Ot tham e vewirel, s bayed ooy
e  CAC0A .
L 400 mpL. hrdnepe.
0. 20 JOEP) opp Joclusiing il and vokivn
M A7 o ECC vl 2t 100 . hardnaes papcried by UBEPA [2001).
I, A8 of he 11 weminr capper ECS0 iy et




APPENDD: A: TABLE 18
DISSOLVED COPPER WERs FOR DAFHNIA BAGNA, CALCULATED USHG FOUR DIFFERENT DENCMINATORS IN THE WER CALCINLATION

VANADIN, MEW MEX00
DUELTERITANINGS SOILD A3 SITE-DFECQIRG COPPER, TOXGTY MODEL REPORT

kvl
1284 o 5
103.0 L] 1w AT8
L) a2 = 50 $.004 18.89 - = =
14 [=7] 84| 57 | zrez 4% 2033 284 2236 A 1080 16.03
17 £-100 108 9823 | 01.0¢ _oe 1558 isas 5730 4797 5529 8526
WER 1-0 A-B0 ] 3778 A28 [] 10.24 jis2 2.404 2507 2582 2,052
1-10 B-150 ane 1542 188 2443 1458 3814 3282 bt ]
-1 100 164 2 1150 ] 1558 15.88 T.245 5. 050 [ 513 8208
1=z E-T0 i 474 1900 T2 2400 12.80 1409 1080 1967 1388
1-AGS E4D 48 3100 [ e a2 2,678 9004 72000 227> 2831 4528
D2 D44 54 1418 263.0 [T] 0033 1264 2018 1310 15.34 18,13
D23+ D4 42 048 1650 40 5,033 1254 12.38 0,027 9.3 11.10
DEREBATNG RN = =
241 AZ-100 1N 81.06 J8.42 ]
A245 50 oi.82 1108 2
Fd DTS 82 *184.7 »2227 iz
(WER 2-11 B2-110 102 1%5 133.0 100
R 2-12 B2-75 0 b 3T 4348 T2
2012 AZ-45 110 a1 1105 IE_
Natos:
a , Jook i 0 L]
& Oliur thiy b oot 60% - Arwlynls,
& No thah B0 of el s » High nd e WER ECB0 i,
L T s 100 ingll handinans.
B 18 s Ay {2001} for 100 b Wnchading monsbrml

B9, 30,00 % BHAY aloulated vy onfy e Imesaired £CI0 veiies ol 100 mlL handooss mpcriad ey PR (3004).
M. [ by




APPENDIX A: TABLE 18
VERIFICATION CALGULATIONS OF DISSOLVED COPPER WERs THAT WERE CALCULATED FOR DAFHEIA MAGNA USING THE MATCHED LABGRATOIRY WATER ECS0 IN THE WER DENOMINATOR

[]
SAEL JNOB SOILE W BITT- TOKGTTY MODEL AEPORT
11 1440 1284 BRATY 19,04 1261 50T 1144 1028 1026
12 107.8 1030 UE52% 1394 12561 02574 3370 232 281
WER § - - - 19.40 1682 S50TH = - -
ER 148 32 2782 82.25% 308 1253 BT 25.86 A 2.9 2218
ER 1.7 1117 £1.00 I KT 15487 £8.57Y 8755 il 5.740
WER 1-9 E1.54 4281 B2E% 13.04 1281 95,578 4980 ° EX)
ER 1-10 B7.01 54.18 BED% 1581 1408 B5.97% 3853 3844 3615
pE 1] 414 1150 H.90% 854 1587 BEATH 2.548 7245 7.047
12 29.08 19.00 £2.73% 13.43 1280 B507% [ETH 1481 148
R 1 T5.9% [IY:] [ $.370 .00 507% 209 7030 7422
D2 TS 2530 57.01% 19.08 12,53 [T, ] 28.91 20,18 2099
-1 3064 1650 S0.01% 13.08 12,69 5.07% 25,79 1250 1237
W a :. r s 1
-l 90.08 75.12 FEBE% 2083 A ] 5.9T% 4758 3007 . 3.008
WER 28" [ 3168 76.18% 14:584 14,00 (X 1082 2484 8467
WER 2.8° >308.4 >2227 72.00% 9353 ] 95.IT% 23262 52477 24N
WER 2-11 1905 1330 80.84% 20.08 n.2v [T 1Y DARS 8900 2.802
WER 2-12 A3 A348 9383 BOD /IR 5275 ABa7 403
WER 20112 1509 1105 E9.50% 14.584 14.00 95.07% 10.90 7895 7858
Hnten.
5 H0 anposus Irsamant advectaly lffected eas Bun SO% of - "
b, Dfhiar than tha conirsl e % ] i on Prokll Analysle.
- o aupasurs byaimert acverssly affacied e Tan B0 of rentor e WER e cal ECH ealia
. e ud ki '] il 2007

L = microgemam por Bar.



1-1 144.8 1284 8.5 2012 10.31 95.07% 7.999 0.051 B.g;l_
ER 1-2 107.8 103.0 95.62% 2012 19.31 “;_._WVI £.30 5334 33_34
IWER 1 — - - 20.12 19.31 08.97% b s = —
ER 1-8 336.2 2ra2 82 25% . 14.41
ER 1-7 111.7 91.08 81.55% 4.7
14 51.84 £2.81 B2.52% 2,207
o [ "&ro 5495 | weoew 2804
11 141.4 1150 0. 38% 5.958
1-42 23.08 10.00 B2.79% 0.080
[ 63,21 £a.05% 8.773
-2 e 283.0 145 1210
1 0.6 1588.0 £8.M% -1
R R T B T e e
21 ©0.08 78.12 T8.85% 4.048
R 1580 188 T0140% 0.161
WER 3054 =227 T2.02% 11,54
2-19 100.5 12330 00.8% [-1:. ]
212 A0.30 43.48 88.03% 2092 0.3 507% 2458 2261 2.261
2D12 188.9 |10é57 B0.50% 20.12 10,34 P5.0T% 7.087 0.724 5.7
Notes:
& N mpaury e dy fona fn 20% orsiors the ECZD R P —
b. Ot y a1 50K of A Atalyvs.
£ Noapoars Iy han B0, of byt ha EC30. e high and the WER \-ing: valve,
o, O n-mummwnu.-mummmm
ot of 100 mg ‘aing hardrvoys. slops

SV = Spaties inean aculs vl fem UEPA 2001,
WO » ricorogramS. et ik,



A: TABLE 2

VERFICATION CALGULATIONS OF DISSOLVED COPPER WERs THAT WERE CALGULATED FOR DAPHHNLA MAGHA USING THE RECALCULATED SPECIES

MEAN ACUTE VALUE N THE WER DENOMMATOR

FREEPORTHCHORAN CHING INNES TOMPANY

nmmmnmmmmm

B3 s Jelas
i 1 sz
R LERRERER bR
g m_ﬂ gissase
slgdagasaaasabiasslagl
g|elela|alalolafalofoloffololalalafe
mw._m ._m_mﬁ.w..m_n.n. ﬁ.u_.r.._.."._.f.._u.
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i e gaaliaays
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J wiing 1.
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APPENDIX A: TABLE 22
mmmmwmmmmmtmmmmmmmmnmmumwmmwmmmmmmmm

VANADRIM, HEW MEXICD
SUELTERITALMES SOILS N SITE-APEGIFIC COPPER TOWCITY MobE
: o Pt M TR e TE
TR
TR e

1 a8 | 1264 B 14,54 12.00 P0.01% S0 200 2.200
ER -2 1078 103.0 95.82% 14.54 1306 06.01% 1418 7378 737
WER - - - 14.64 i3.00 9601 = - -
WER 18 3302 279.2 &225% 1454 13,90 24.01% 2320 10.6a 12.93
WER -7 117 #1.09 5% 14.54 1296 98.01% 7.882 8525 0.525
[T 51.64 42.61 B250% 44,54 1308 W% 3551 3052 a.062
190 | 57.01 54,15 24.09% 14.5¢ 1398 20.01% 3.9 2870 3879
ER 111 W14 1160 81.88% 8 18.08 B.01% g2 8230 8290
ER 1-12 208 19.08 B2.7%% 1454 12.08 06.07% 1587 1.268 1.308
ER.RCS] 7530 .2 B3.85% 14.56 12,008 SEa1% 5,185 4.528 4528
ER D12 7.8 2530 BT.01% [TrT] 13.08 20.01% 18.13
1 14.54 13.90 o8.01% 11.10
21 E508 5,508
-8 185.9 1189 1002 5.508 8508
WERZV | »a064 TN »21.01 1585 ~15.00
ER 2-11 190.5 1230 | euBdek% 1310 ©.550 9530
WER 2-12 46.30 4348 88.03% 14.54 13.00 96.01% 4.307 3114 8114
zonz] 1889 S oo | 1454 18,00 0% 10,903 o8 7018
Nalsg
" Mo han HA ot orgesiema, el iy s s
. Ohar han the ganieol wifecind Lo thal 50% of lmsad an Probi Ansbyvin.
« Naspos af herefors e ECH0 igtmal Cu WER ls caly uiing’
" 090 ™ 2001 and BT
mm-h—unm»«mmmmmﬁq-w.
Goomeiri: Mesn = Gatmaick makn of tha 11 Iobe ] e LCSD dry Wil sl wbe kaiely

PP ™ micrograme. par S,



APPENDIX A: TABLE 23
SUMMARY QA/QC FIELD SAMPLES COLLECTED DURING THE WER SAMPLING PROGRAM

FREEPORT-MCUMORAN CHING MINEE COMPARY
VANADIUSE, NEW MEXICO
SMELTER/TANLNGS S0IL8 W) SITE-BPECIFIC COPFER TOXIGITY MODEL REPORT

e - e b 4
2 J-':l:- Fiaid | WER 2Botted
g i 41
255 <0.2 <0.2
212 <0, 0.2
13.3 .2 <0.2
1.4 <0.2 «<0.2
5.2 <0.3 <0.3
7.7 2.6 25
it el = [ ‘i__:'_
f <1 <]
A0 1240 ] 5
«{).1 =D, <01 <0.1
<01 «0),1 .1 «<0,1
__ 81 7.5 <05 <0.5
85 105 <05 0.5
<20 <20 <20 <20
<20 930 <20 <20
<).1 <0.1 0.1 <0,1
<0.1 0.3 <0.1 <0.1
168 5 362 <05 05
318 37.4 0.5 0.5 113.8 __107.1 <0.5 <05
2 s <2 <2 5 2 <2 <2
3 2 3 <2 <2
102 3 <2
289 <1 <1
128 <1 <1
— 28.1 <1 <1
43 5.1 <1 <1 13.8 143 < <1
<2 2 <2 <2 <2 <2 <2 <2
1.8 1.8 0 0 3.7 3.7 0 [
4 4 <1 <] 8 6 2 2
105 107 <1 <1 119 118 <] <
<2 <2 <2 <2 <2 <2 <2 <2
8.3 8.3 8.1 5.7 8.1 a1 _69 6.7
180 180 <10 <10 190 190 <10 <10
5 <5 =3 =5 8 7 <5 <5
20 18 1 <1 225 225 <05 0.5
28 26 <0.1 [ 2.8 26 [X] <0.9
Sum of Cations (meg/L} _27 27 <0.1 <0.1 28 28 04 _04
DS (caloulated) (mg/L) 138 140 =10 <10 142 14 <10 <10
measwedicatouiated) 13 129 0 ] 134 135 0 0
[Total Aliaiintty (mgiL) 108 108 <2 <2 102 102 3 <2
Noles;
* Anatysis exceeded method hold time. pH ia & fieid best with no hold ime.
Baoided values- snatyts o ot value | & MDL and PQL. The assacixied value is an d quantity.
< yalus - tha materisl was anshzed for, bul wes not detectad sbove the level of the ciated vale, The tad valoe s sither he aampie quantifstion kit or the sample detection
il
mglL = miigrams per Mar.
P = micrograms per el

meqil. = millequivlents par iter.
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APPENDIX B

PEARSON PRODUCT MOMENT CORRELATION SUMMARY
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO

Pearson Product Moment Correlation

Data source: Interim Criteria AdjustmentReport ARCADIS 2013 {afl inputvariables log-transformed except pH)

Cell Contents:

Correlation Coefficient

P Value

Numiber of Sah:ples

Log LC50

log TOC

log DOC

log (H/A)

pH

Log TDS+TSS

log TOC

0.789

0.000165
17

log DOC
0.866
0.00000685
17

0.805
0.00000120
17

log (H/A)
-0.734

0.000787
17

~0.476
0.0536
17

-0.678
0.00281
17

pH
-0.314

0.220
17

-0.398
0.114
17

-0.488

0.0471
17

0.150
0.564
17

Log TDS+TSS

0.494
0.0440
17

0.194
0.456
17

0.236
0.361
17

-0.241
0.352
17

0.009%96
0.970
17

log TDS
0.495
0.0433
17

0.191
0.463
17

0.234
0.366
17

0248
0.3338
17

0.0183
0.%45
17

0.999
1.535E-020
17



APPENDIX B
PEARSON PRODUCT MOMENT CORRELATION SUMMARY
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXCO
SMELTER/TAILINGS SOWLS IU SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Log TSS log Hardness log Alkalinity LogCa Log Mg Log K
Log LC50 0.266 0.320 0.655 0.399 0.342 0.567
0.301 0.211 0.00436 0.112 0.17¢ 0.0175
17 17 17 17 17 17
log TOC 0144 0.0491 0.309 0.112 0.0844 0415
0.580 0.852 0.228 0.668 0.747 0.0978
17 17 17 17 17 17
log DOC 0.187 0.0404 0.418 0.121 0.0569 0.370
0.472 0.878 0.0948 0.643 0.828 0.144
17 17 17 17 17 17
log (H/A) -0.0608 -0.166 -0.695 -0.224 -0.183 -0.365
0.817 0.524 0.00196 0.388 0.482 0.150
17 17 17 17 17 17
pH «0.0738 (.162 0.0316 0.180 0.177 0.151
0.778 0.535 0.904 0.489 0.496 0.562
17 17 17 17 17 17
Log TDS+TSS 0.496 0875 0.776 0.916 0.795 0.443
00429 0.00000429 0.000249 0.000000251 0.000137 0.0750
17 17 17 17 17 17
log TDS 0.450 0.879 0783 0.922 0797 0.426
0.0697 0.00000339 0.000201 0.000000143 0.000127 0.0879
17 17 17 17 17 17
log TSS 0.354 0.293 0.347 0.378 0.580
0.163 0.254 0.172 0.135 0.0147
17 17 17 17 17
log Hardness 0.825 0.980 0.965 0.430
0.0000467 6.028E-012 0.000000000380  0.0848
17 17 17 17
log Alkalinity 0.843 0.80% 0.523
0.0000214 0.0000841 0.0312
17 17 17
Log Ca 0.931 0.447
0.0000000584 0.0721
17 17
Log Mg 0.572
0.0164



APPENDIX B
PEARSON PRODUCT MOMENT CORRELATION SUMMARY
' FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Log Na Log SO4 Log Fe Log TR Fe Log Al Log TR Al
Log LC50 0.392 -0.423 0.392 0.524 0.356 0.303
0.120 0.0909 0.120 0.0310 0.161 0.238
17 17 17 17 17 17
log TOC 0.0857 -0.344 0.450 0.600 0.301 0.250
0.744 0.177 0.0700 0.0109 0.241 0.332
17 17 17 17 17 17
log DOC 0.218 -0.400 0.418 0.698 0.189 0.389
0.401 0.112 0.0954 0.00183 0.468 0.123
17 17 17 17 17 17
log (H/A) -0.39% 0.744 0.328 -0.431 -0.0769 -0.308
6.115 0.000613 0.19¢ 0.0843 0.769 0.229
17 17 17 17 17 17
pH 0.0322 0.0325 -0.240 -0.323 -0.174 0.150
0.902 0.902 0.354 0.205 0.505 0.565
17 17 17 17 17 17
Log TDS+TSS 0.701 0.249 -0.269 0.0306 0.0632 0.0496
000173 0.335 0.206 0.907 0.810 0.850
17 17 17 17 17 17
log TDS 0.719 0.250 -0.258 0.0450 0.0600 0.0251
0.00114 0.333 0.317 0.864 0.819 0.924
17 17 17 17 17 17
Log TSS 0.00711 0.0384 0311 0.286 0.126 0.509
0.978 0.884 0.224 0.266 0.631 0.0367
17 17 17 17 17 17
log Hardness 0.486 0.234 <0.500 -0.342 -0.0640 0.216
.0479 0.366 0.0408 0.180 0.807 0.405
17 17 17 17 17 17
log Alkalinity 0.582 -0.256 0.177 -0.00191 -0.00253 C.0194
0.0143 0.320 0.498 0.994 0.992 0.941
17 17 17 17 17 17
Log Ca 0.577 0.231 -0.420 0.217 -0.0163 -0.128
0.0154 0.372 0.0936 0.403 0.951 0.624
17 17 17 17 17 17
Log Mg 0.300 0.118 -0.521 -0.294 0.0148 -0.147
0.243 0.651 0.0320 0.252 0.955 0.575
17 17 17 17 17 17
Log K 0.109 0.420 -0.0676 0.360 0.454 0.431
0.678 0.0930 0.797 0.156 0.0675 0.0839

17 17 17 17 17 17
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LogNa

Log SO4

Log Fe

Log TR Fe

Log Al

Log TRAI

APPENDIX B

PEARSON PRODUCT MOMENT CORRELATION SUMMARY

FREEPORT-MCMORAN CHINO MINES COMPANY

VANADIUM, NEW MEXICO

Log S04

0.149
0.56%

Log Fe

0.120
0.647
17

-.410
0.103
17

Log TR Fe

-0.0407
0.877
17

-0.402
0.109
17

0.523
0.0313
17

Log Al
<0.144
0.580

-0.329
0.197

0.409
0.103

0.443
0.0748

Log TR Al

-0.109
0.676
17

-0.375
0.138
17

0.238
0.357
17

0.852
0.0000142
17

0.517
0.0337
17

The pair(s} of variables with positive correlation coefficients and P valres below 0.050 tend to increase together. For
the pairs with negative correlation coefficients and P values below 0.050, one variable tends to decrease while the
other increases. For pairs with P values greater than 0.050, there is no significant relationship between the two

variables.
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APPENDIX C
STATISTICAL SUMMARIES OF SINGLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINOC MINES COMPANY
VANADIUM, NEW MEXCO
SMELTER/TAILINGS SOILS R) SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Linear Regression
Data source: Interim Criteria Adjustment Report ARCADIS 2013 (all variables log transformed)

Log LCSO = 0965 + (0489 * log Hardness)

N =17
R=0320 Rsqr=0102  AdjRsqr=0.0423
Standard Error of Estimate = 0.298
Coefficient Std. Error t | 3

Constant . 0.965 0.717 1.345  0.198
log Hardness 0.489 0.374 1.307 0.211
Analysis of Variance;

D¥F Ss MS F P
Regression 1 0.151 0.151 1.707 0211
Residual 15 1,331 0.0887
Total 16 1.482 0.0926

Nommlity Test (Shapiro-Wilk) Passed (P =0.160)

Constant Variance Test: Passed (P=0.393)

Power of perfonned test with alpha = 0.050; 0.236

The power of the performed test (0.236) is below the desired power of 0.800

Less than desired power indicates you are less likely to detecta difference when one actually exists.
Negative results should be interpreted cautiously.
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STATISTICAL SUMMARIES OF SINGLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS U SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Linear Regression

Data source: Interim Criteria Adjustment Report ARCADIS 2013 {all variables log trans formed)

Log LSO =0.571 + (0.730 * log Alkalinity)

N =17
R= 0655 Rsqr=10428 AdjRsgr=0.390
Standard Error of Estimate = 0,238
Coeflicient Std. Error t P

Constant 0.571 0.400 1.427 0174
iog Alkalinity 0.730 0.218 3353 0004
Analysis of Variance:

DF 88 MS F P
Regression 1 0.635 0.635 11243 0004
Residual 15 0.847 0.0565
Total 16 1482  0.0926

Nommality Test (Shapiro-Wilk) Passed (P = 0661)
Constant Variance Test: Passed (P =0.341)

Power of performed test with alpha = 0.050: 0.834



APPENDIX C
STATISTICAL SUMMARIES OF SINGLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXCO
SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Linear Regression
Data source: Interim Criteria Adjustment Report ARCADIS 2013 (all variables log transformed)

Log LC50 =2.026 - (1.428 * log (H/A))

N =17
R=0734 Rsqr=0.539 AdjRsqr = 0.509
Standard Brror of Estimate = 0.213

Coeflicient Std. Error t P
Constant 2.026 0.0602 33685 <0.001
log (H/A) -1.428 0.341 4191 <0001
Analysis of Variance:

DF 88 MS F P

Regression i 0799 0799 17565  <0.001
Restdual 15 0683  0.0455
Total 16 1.482  0.0926

Nommulity Test (Shapiro-Wilk) Passed (P =0476)
Constant Variance Test: Passed (P =0.824)

Power of performed test with alpha = 0,050, 0.940
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STATISTICAL SUMMARIES OF SINGLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXCO |
SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Linear Regression

Data source: Interim Criteria Adjustment Report ARCADIS 2013
Lab Hardness = 22.494 + (0.850 * Alkalinity)

N =17

R=10929 Rsqr =0.864 AdjRsqr = 0.855

Standard Error of Estimate = 19.945

Coefficient Std. Error t P
Constant 22494 8.472 2.655 0.018
Alkalinity 0.850 0.0871 9756  <0.001
Analysis of Variance:

DF 58 MS F P
Regression 1 37866.751  37866.751 95,188 <0.001
Residual 15 5967.132 397.809
Total 16 43833.882 2739.618

Normality Test (Shapire-Wilk) Passed (P =0.242)
Constant Variance Test:  Passed (P =0.646)

Power of performed test with alpha = 0.050: 1.000



APPENDIX C
STATISTICAL SUMMARIES OF SINGLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXCO
SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Linear Regression

Data source: Interim Criteria Adjustment Report ARCADIS 2013 (all variables log transformed)
Log LCSO =1.183 + (0848 * log DOC)

N =17

R = 0866 Rsqr =0.751 AdjRsqr=0.734

Standard Error of Estimate = 0.157

Coeflicient Std. Error t P
Constant 1.183 0.113 10485 <0001
log DOC 0.848 0.126 6721 <0001
Analysis of Variance:

DF 8S MS F P

Regression 1 1113 1113 45172  <0.001
Residual 15 0.369 00246
Total 16 1482  0.0926

Nommlity Test (Shapiro-Wilk) Passed (P =0.604)
Constant Variance Test: Passed (P =0.928)

Power of performed test with alpha = 0.050: 0.099
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STATISTICAL SUMMARIES OF SINGLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILLS iU SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Linear Regression

Data source: Interim Criteria Adjustment Report ARCADIS 2013 (all variables log transformed)

Log LC50 =0977 +(1.025 * log TOC)
N=17
R=0789 Rsqr =0623

Standard Error of Estimate = 0.193

Coefficient Std. Error t
Constant 0.977 0.191 5126
log TOC 1025 0.206 4.978
Analysis of Vanance:

DF 58S MS F

Regression 1 0923 0923 24.771
Residual 15 0.559  0.0373
Total 16 1.482  0.0926

Normality Test{Shapiro-Wilk}
Constant Variance Test: Passed (P =0.234)

Power of performed test with alpha = 0.050: 0.979

AdjRsqr = 0.598

Passed (P=0342)

r
<0.001
<0001

P
<0.001
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STATISTICAL SUMMARIES OF SINGLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS U SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Linear Regression

Data source: Inierim Criteria Adjustment Report ARCADIS 2013

Log LCS0 =3.394 - (0.186 * pH)
N=17

R =0314 Rsqr=00985  AdjRsqr=0.0385
Standard Error of Estimate = 0.298

Coeflicient Sud. Ervor t P
Constant 3.394 1.171 2899 0011
pH 0.186 0.145 -1.281 0220
Analysis of Variance:
DF S8 MS F P

Repression 1 0.146 0.146 1640 0220
Residual 15 1336 00891

Total 16 1.482  0.0926

Normality Test(Shapiro-Wilk) Passed (P = 0495)
Constant Variance Test: Passed (P = 0.179)

Power of performed test with alpha = 0.050; 0.228

The power of the performed test (0.228) is below the desired power of 0.800,
Less than desired power indicates you are less likely to detecta difference when one actually exists.

Negative results should be interpreted cautiously



F& ARCADIS

Appendix D

Statistical Summaries of Muitiple
Linear Regression Analyses



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORTMCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXCO
SMELTER/TAILINGS SOILS IU STE-SPECIFIC COPPER TOXCITY MODEL REPORT
Multiple Linear Regression
Data source; Interim Criteria Adjustment Report ARCADIS2013 (all input variables log transformed)
LogLC50=-0.128+(0.703 *1og TOC) - (0.787 * log (H/A))+ (0.653 * Jog TDS)
N=17
R=0.932 Rsqr = 0.869 Adj Rsgr =0.838
Standard Error of Estimate = 0. 122

Coefficdent Std. Brror t P VIF
Congant -0.128 0.536 -0238 0815 )
IogTOC 0.703 0.149 4718 <000 1.302
log (H/A) -0.787 0.226 -3485 0004 1.336
log TDS 0653 0233 230 0015 1.073
Analysis of Variance:

DF 85 M5 F P

Regression 3 1288 0429 28.669 <0.001
Residusl 13 0195 00150
Total 16 1482 00926
Column SShha  SSMarg
logTOC 0923 0.333
log (H/A) 0247 0.182
log TDS 0117 0.117

The dependent variable Log LC50 canbe predicted from a linear combinaticn of the independent variables:
P

log TOC <0.001
log (/A) 0.004
log TDS 0.015

Allindependent varisbles appear to contribute to predicting Log LCS0 (P <0.05).
Mormality Test (Shapiro-Wilk) Passed (P=0.614)

Constant Variance Test: Passed (P =0.246)

Power of performedtest with alpha =0.050: 1 000

Influence Diagnostics:

Row Cook's Dist, Lewrage DFFITS
i 00448 0204 -0418
2 0.00392 00853 0.121
3 00430 027 0.406
4 60227 0.0841 0.30F
5 0324 0234 1.334
6 00855 0.130 0.619
7 0.124 0416 -0.694
8 0683 0.508 1.709
9 000499 0177 -0.136
10 0244 0429 -1.001
11 0.0358 0387 0.372
12 00714 00976 .575
13 00291 0.146 -0.336
14 0.0219 0143 -0.290
1§ 0000491 179 -0.0426
16 0.00325 0.124 -0.110

17 00334 0286 -0.356
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STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TALINGS SOILS IU SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Maulidple Linesr Regression

Datn source: Intexim Criteria Adjustment Report ARCADIS2013 (allinput variables log transformed)

Log LC50 =-0.0439+(0 633 * 1og DOC) - (0 438 * log (H/A) + (0.645 * log TDS)

N=17

R=0.932 Rsqr =0.868

Adj Rsqr =0.838
Standard Error of Estimate=0.123

Coefficient Std. Error 1 3 VIF
Constant -0.0439 0534 -0.0822 0936
log DOC 0.633 0.135 4701 <0001 1.865
log (HUA) 0438 0268 -1.631 0.127 1878
logTDS 0.645 0234 2759 0016 1.075
Analysis of Variance:

DF 8§ MS F P
;! 3 1287 0429 2852 <0.001

Residoal 13 0.19 00150
Totsl 16 1482 00926
Colunin SShaer SSMarg
log DOC 1113 0.332
fog (H/A) 00595 0.0400
log TDS 0114 0.114

The dependent vanable Log LC50 can be predicted from a linear cormbination of the independent varidbles:
P

log DOC <0.001
log (H/A) 0.127
logTDS 0.016

Not all of the independent varisbles appear necessary (or the multiple lincar model may be underspecified).
The followmg appear io account for theability topredict Log LC50 (P <0.05): log DOC, log TDS

Normality Test (Shapiro-Wilk) Passed

Constant Variance Test-

Passed

(P=0.338)
(P=0.387)

Power of performed test with alpha =0.050: 1.000

Influence Dingnostics:

ey ————CTMCECTYEC

Row Coak's Dist. Leverage DFFITS
1 0000278 0.105 0.0321
2 0.00000149 0991 0.00235
3 0079 0281 0.560
4 0.00431 00816 0.127
5 0325 0228 1.348
6 00128 0.173 0.220
7 0047 0497 -0.424
3 0404 0586 1.279
9 000364 0175 0.116
10 00590 0483 0471
i1 00288 0383 0.329
12 0079 00976 -0.573
i3 0117 §192 0,714
14 009M 0.101 -0.710
15 00304 0147 0.345
16 0000182 0.101 0.025%
17 0600142 0269 00229
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STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS U SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Multiple Linear Regression

Data souree: Interim Critetia Adjustmest Report ARCADIS2013 (allinput variables log transformed)
Log LCS0 =0.122 +(0674* log TOC) - (0.790 * log (H/A)) +(0.663 * log TDS) - (0.0308 % pH)
N=17

R=0.933 Rsqr = 0.871 Adj Rsqr=0 828

Standard Error of Estitnate=0 126

Coeffidient Std. Error t P VIF
Congant 0122 0178 0.157 0878
logTOC 0674 0.166 4051 0002 1.524
log (H/A) -0.790 0233 -3390 0.005 1.333
log TDS 0663 0242 2,746 ool 1.083
pH -0.0308 00674 -0458 0655 1202
Annlysis of Variance:

DF 58 MS F P

Regression 4 1291 0323 20.246 <0.001
Residual 12 ¢.191 00159
Total 16 1482 00926
Column SSiner SSMarg
log TOC 0523 0262
Tog (H/A) 0247 0.183
logTDS 0.117 0.120

060334 0.00334
The dependent variable Log LC50 can be predicted from a linear combination of the independent varmbles:

log TOC 0.002
log (F/A) 0.005
logTDS 0.018
pH 0.655

Not all of the independent variables appear necessary (or the multiple linear mode! may be inderspecified).
The following appear to account for theability to predict Log LC50 (P <0.05). log TCC »log(H/A), bog TDS

Normality Test (Shapiro-Wilk) Passed (P=0.659)
Constaat Variance Test: Passed (P=0.316)
Power of performed test with alpha = 0.050; 1.000

Influence Diagnostics:

Row Cook's Dist. Lewrmge DFFTS
1 00319 0219 -0.392
2 000307 0.182 0.119
3 00346 0272 ¢.406
4 00174 00843 0.294
5 0248 0244 1.292
6 0.0663 0.141 0.605
7 0.150 0453 -0.863
8 0497 0609 1.621
9 0.00225 0214 -0.102
10 0525 0.692 -1.632
11 00720 0454 0.585
12 00612 0116 -0.590
13 0.109 0308 -0.746
14 00265 0172 -0.358
15 0.000541 0289 0.0498
1é 0.00198 4130 -0.0955
17 0,104 0422 -0.711



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXCO
SMELTER/TALINGS SOILS IU SITE-SPECIFIC COPPER TOXICITY MODEL REPORT
Multiple Linear Regression
Data souree: Intenim Critens Adjustment Report ARCADIS2013 (allinput variables log transformed)
LogLC50 =-0.254+(0.664 * logDOC) - (0.411 * log (H/A)) +(0.634 * log TDS) +({0.0256* pH)
N=17
R+=0.932 Rsgr = 0.869 Adj Rsqr=0.826
Standard Error of Estimate=0 127

Coefiidient Std, Error t P VIF
Congant -0254 0824 -0.309 0.763
log DOC 0664 0.166 49009 a002 2.628
log (H/A) 0411 0288 -1426 0179 2021
log TDS 0634 0244 2598 0023 1.092
pH 00256 0.0744 034 0.736 1.447
Analysis of Vanance:

DF 88 MS F | 4

Regression 4 1289 032 i9.971 <0.001
Residaal 12 0.19%4 00161
Total 16 1482 0.0926
Column SSher SSMarg
log DOC 1113 0.259
log (H/A} 00595 0.0328
log TDS 0114 0.109
pH 0.00191 0.00191

The dependent variable Log LC50 can be predicted from a linear combination of the independent varishles:
P

log DOC 0.002
fog (H/A) 0.179
log TDS 0.023
pH 0.736

Not all of the independent varisbles appear neessary (or the multiple Iinear model may be mnderspecified).
The following appear to accomt for theability topredict Log 1.C50 {P <0.05). log DOC, log TDS

Normality Test (Shapiro-Wilk) Passed (P=0.363)
Constant Variance Test: Passed {P=0.566)
Power of performed test with alpha=90,050; 1.000

Influence Dingnostics:

Row Cook's Dist. Lewerage DFFITS
1 0.0000973 0.113 0.0211
2 0.000564 0.178 0.0509
3 0.0597 0281 0.541
4 0.00305 00372 0.119
5 0253 0231 1.337
6 0.00930 0174 0.208
7 00283 05625 -0.361
8 0348 05% 1.331
9 0.00764 023 -0.188
10 0374 0692 -1.357
11 0.0168 0447 0279
12 00801 0128 -0.6590
i3 0.157 0309 -0.918
14 0.0767 0106 -0.693
15 00321 0226 0393
16 0.0000653 0.106 0.0173
17 00118 047 0234
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FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS U SITE-SPECIFIC COPPER TOXICITY MODEL REPORT

Multiple Linear Regression
Dats sopree; Interim Criteria Adjustment Report ARCADIS 2013 {allinput variables1og transformed)

LogLC50=-0.126+(0 700* log TOC) - (0 794 * log (H/A))+(0.650* Log TDS+T 55}

N=17
R =0.932 Reqr = 0.869 Adj Rsgr =0,838
Standard Error of Estimate =0.122

Coeffident Std, Error t P VIF
Conglant -0.126 0536 -0235 0818
log TOC 0.700 0.149 4692 <0001 1.304
log (HA) -0.794 0226 -3517 0004 1.332
LogTDS+TSS 0.650 0232 2.796 0015 1.071
Analysis of Variance:

DF 5SS MS F P
i 3 1287 0429 28.629 <0.001
Residual 13 0.195 00150
Total 16 1482 0.0926
Column SShear SSMarg
log TOC 0923 0.330
log (H/A) 0247 0185
Log TDS+T S8 0117 0.117
The dependent variable Log LC50can be predicted from a linearcombination of the independent varmhles:
I 4

logTOC <0.001
log (HiA) 0.004
LogTDS+TSS 0.015

Allindependent varisbles appear to contribute to predicting Log LGS0 (P <0.05)
Normality Fest (Shapiro-Wilk) Passed (P =0.444)

Constant Variance Test: Passed (P=0.271)

Power of performed test with alpha = 0.050: 1.000

Influence Diagnostics:

Row Cook's Dist. Levweruge DFFITS
1 0.0389 0202 -0.388
2 0.00455 00819 0.131
3 0.0459 0273 0.419
4 0.0224 00340 0.299
] 0345 0239 1.387
6 00854 0134 0.616
7 0.120 0417 -0.683
8 0672 0595 1.699
9 000617 0.181 0,152
10 0224 0429 -0.955
" 00350 0385 0.363
12 0.0651 0.0%6 -0.545
13 0.0285 0.150 -0.333
14 00256 0141 -0.315
15 000121 0.180 -0.0670
16 000338 0.124 -0.112
17 0.0466 0291 -0.422



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINC MINES COMPANY
VANADIUM, NEW MEXICC
SMELTER/TAILINGS SOILS IV SITE-SPECIFIC COPPER TOXCITY MODEL REPORT
Multiple Linear Regression

Data source: Interim Criteria Adjustment Report ARCADIS2013 (allinput variableslog transformed)

LogLC50 =-0.0365+(0.630* log DOC) - (0.447* Jog (H/A)) +(0.640 * Log TDS+TSS)
N=17

R<0.931 Rsqr=0.867 Adj Rsqr =0 837

Standard Error of Estimate=0.123

Coeflitient Std. Error t VIF
Congtant -00365 0536 -D0682
log DOC 0630 0135 4558 1.868
log (H/A) -0447 0269 -1.662 1872
Log TDS+TSS 0.640 0234 2757 1.073
Anelysis of Variance:

DF S8 MS F P

Regression 3 1286 0429 28332 <0,001
Residual 13 0.197 00151
Total 16 1482 00926
Column SSha SSMarg
log DOC i 0.328
log (H/A) 00595 0.0418
Log TDSTSS 0113 0.113

The dependent variable Log LC50 can be predicted from a linearcombination of the independent varizbles:
r

log DOC
log (H/A)
Log TDS+TSS

<0.001
0.120
0.017

Not all of the independent varisbles appear necessary (or the multiple lincar mode] may be wnderspecified).
The following appear to account for theabilityto predict Log LC50 (P <0.05): log DOC , Log TDS#TSS

Normality Test (Shapiro-Wilk) Passed (P =0.366)

Constant Varismee Test:

Passed

(P =0.307)

Power of performed test with alpha =0.050: 1.000
L .

Influence Diagnostics:
Row Cook's Dist.
1 0.000579
2 00000751
3 00823

4 000422

5 0345

6 00120

7 0.0456

8 0403

9 000448
10 0.0492

11 00261

12 0.0642

13 0.117

14 0.102

15 00268

16 0.000153

17 0.000276

Lewe DFFITS
().lllil;F 0.0463
0.0958 0.0167
0283 0.570
00815 0.126
0233 1.398
017 0212
0497 -0.418
0574 1.291
0178 -0.129
0483 -0.430
0381 0.313
0.0945 -0.541
0.197 -0.712
00983 0.726
0.148 0.322
0.101 00238
0275 -0.0320



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Multiple Linear Regression
Datx spurce; Interim Criteria Adjustment Report ARCADIS2013 (all input variables log transformed)
LogLL50=1.330+(0697* log TOC) - (0.907 * log (H/A] +{0.176 * Log TSS) - (0.0110 * pH)

N=17
R=0.903 Rsqr = 0.815 Adj Regr =0.753
Standard Error of Estimate =0,151
Coeffident Std. Error t r VIF
Consant 1330 0.741 1.794 0098
logTOC 0597 0.199 3500 0004 1.524
log (H/A) -0907 0275 -3299 0.006 1.295
LogTSS 017 0.139 1267 0229 1.022
pH 00110 00804 -0.137 0893 1.191
Analysisof Varfance:
DF 58 MS F P
Regression 4 1208 0302 13.189 <0.001
Residual 12 0275 00229
Total 16 1482 0.0526
Column SSho SSMarg
log TOC 0923 0.280
log (H/A) 0247 0.249
LogT5sS 0.0369 0.0368
pH 0000428 - 0.000428

Thedependent varable Log LC50 can be predicted from s linear combination of the independent variables:
P

logTOC 0.004

log (HIA) 0.006

LogTSS 0.229

‘pH 0.393

Not all of the independent variasbles appear necessary (or the multiple linear mode] may be underspecified).
The followmgappear to accomt for theability topredict Log LC50 (P <0.05): log TOC, log (H/A)

Normality Test (Shapiro-Wilk) Passed (P=0.131)
Constant Variance Test: Passed (P=1.182)

Power of performed test with alpha =0.050: 1.000

Influence Diagnostics:

Row Cook's Dist. Lewerage DFFITS
1 0000782 0286 ~0.0599
2 00469 0209 0.482
3 000715 0273 0.182
4 000745 00384 0.188
5 0.116 0245 0.790
6 00805 0189 0.657
7 0.130 0467 -0.797
8 0246 0204 1.371
9 000226 0275 -0.102
10 0218 0.714 -1.019
11 0022 0213 -0.325
12 00209 0.164 0.317
13 0128 0319 -0.812
14 0114 0263 -0.778
15 0.0251 0377 -0.342
16 000409 0.139 -0.1338
17 0.409 0576 -1.465



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Multiple Linear Regression

Data source: Interim Criteria Adjustment Repart ARCADES2013 {allinput variables log transformed)
LogLC50 =0,906 +(0.68% * log BOC) - (0,509 * log (H/A)) +(0.137* Log TSS) +(0.0460 * pH)
N=17

R=0.900 Reqr =0.811 Adj Regr =0.748

Stendard Exror of Estimate =0.153

Coefficient Std, Brror t 4 VIF
Congant 0.806 0.828 1094 0296
log DOC 05689 0201 3427 0005 2.672
log (H/A) -0.509 0348 -1465 0169 2.027
LogTSS 0.137 0.142 130 0.351 1.047
pH 0.0460 00889 0518 0614 1.427
Analysis of Varianee:

DF S8 MS F P
Regression 4 1202 0300 12.852 <0.001
Residual 12 0281 00234
Total 16 1482 0.0926
Colomn SS5hor SSMarg
{og DOC 1113 0.275
log (H/A) 00595 0.0502
LogTSS 00232 0.0220
pH 000627 0.00627

The dependent variable Log LC50 can be predicted froma linearcomibination of the independent vansbles:
P

Jog DOC 0.005

log(HA)  0.169

LogTSS 0.351

pH 0.614

Not all of the independent variahles appear necessary {or the multiple linear model may be underspecified)
The following appear 1 account for theability topredict Log LC50 (P <0.05): log DOC

Normality Test (Shapiro-Wilk) Passed (P =0.962)
Constant Variance Test: Passed (P =0.694)
Power of performed test with alpha =0,050: 1.000

Influence Diagnostics:

Row Cook's Dist, Lewerage DFFITS
1 00115 0179 0.232
2 00269 0209 0.359
3 00141 0280 0.256
4 0000422 00870 0.0440
5 0.119 0239 0.303
6 0.0150 0212 0.265
7 0.0406 0628 -0.433
] 0.191 0.188 1.155
9 000412 0282 -0.138
10 0168 0.713 -0.889
11 00372 0201 -0.426
12 0.0405 0.189 -0.447
13 0.187 0322 -1014
14 0.181 0.181 -1.123
15 000755 0319 0.187
16 00000720 0115 -0.0182
17 0.000421 0657 0.0439



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICC
SMELTER/TAILINGS SOLS IU SITE-SPECIFIC COPPER TOMCITY MODEL REPORT

Mulftiple Linear Regression
Dats source: Intenm Criteria Adjustment Report ARCADIS 2013 {allinput variables log transformed)
LogLC50=1.232 +{0.707 * Jog TOC)- (0.905 * Yog (H/A)) +{0.176 * Log T SS)
N=17
R=0.902 Rsgr=0.814 Adj Rsgr=0.772
Standard Error of Estimate =0.145

Coeflident Std. Error t P VIF
Constant 1232 0.186 6631 <0001
fog TOC 0.707 DI 3975 0002 1.3115
log (H/A) -0.905 0264 -3428 0004 1.293
Log TSS 0.17% 0133 1321 0209 1.021
Analysis of Variance-

DF 5SS Ms F P
Repression 3 1207 oA 19.014 <0).001
Residaal 13 0275 00212
Total 16 1482 0.0926
Column SShea  SSMarg
logTOC 0923 0.334
log (H/A) 0247 0.249

LogT8S 00369 0.0369
The dependent variable Log LC5(0 can be predicted from a linearcombination of the independent variables:
P

log TOC 0.002
log (H/A) 0.604
LogTSS 0.209

Not ail of the independent variables appear niecessary (or the multiple linear model may be underspecified)
The followingappear to account for theability topredict Log LCS0 (P < 0.05): log TOC, log (H/A)

Normality Test (Shapiro-Wilk) Passed (P=0.077)
Constant Variance Test: Passed (P=0.126)
Power of performedtest with alpha =0,050: 1.000

Influence Diagnostics:

Row Cook's Dist. Leverage DFFITS
1 000139 0271 -0.0717
2 00318 0113 0.356
3 0.00955 027 0.189
4 00100 00883 0.195
5 0143 0228 0.788
6 0.106 0183 0.676
7 0125 0424 -0.698
8 0329 0203 1.419
9 000325 0229 -0.110
10 00735 0453 -0.528
11 00238 0.17% -0.302
12 00250 0144 -0.311
13 00397 0.135 -0.399
14 0123 0234 -0.718
15 00216 0263 -0.285
16 0.00556 0.133 -0.144

17 0230 0452 -0.963



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXCO
SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXCITY MODEL REPORT

Multigle Linear Regression
Data source: lntuimCrinaAdjustmntRepmARCADlSZOlS {allinput variables log transformed)

LogLC50=1.325+(0.634* logDOC} - (0,560 * log (H/A)) + (0.141* Log TSS)

N=17
R =0.898 Rsqr =0.807 Adj Rsqr =0.762
Standard Error of Estimate =0, 149

Coeffidient Std. Brror t r VIF
Constaci 1325 0iI7R 7715 <0001
Iog DOC 063 0.166 3.825 0002 1925
log (H/A) -0560 0324 -1.730 0107  1.864
LogTSS 0141 0.138 1025 034 1.045
Analysis of Variance:

DF 88 MS F P
Regression k| 1,195 0398 18.063 (.00}
Residual 13 0287 0.0221
Total 16 1482 0.0926
Column SSher SSMarg

Jog DOC 1113 0.323
log (H/A) 00595  0.0660
LogTSS 00232 0.0232

Thedependent variable Log LC50 can be predicted from a linearcombination of the independent varishles:

P
log DOC 0.002
log (H/A) 0.107
LogTSS 0.324

Not all of the independent varidbles appear necessary (or the multiple linear madel may be underspecified).
The followingappear 1o account for theability to predict Log LC50 (P <0.05). log DOC

Normality Test (Shapiro-Wilk) Passed (P =0.838)

Constant Variance Test. Passed (P=0.951)
Power of performed test with alpha =0.050; 1.000
Influcnce Diagnostics

Row Cook's Dist. Lewmge DFFITS
1 00174 0.166 0257
2 00134 0.145 0.225
3 00174 0279 0.255
4 0000808 0.0827 0.0547
5 0.141 0233 0.780
-] 00211 0211 0.282
7 00823 0495 0.559
] 0250 0.188 1.178
9 0.000425 0221 -0.0396
10 0.00256 0497 -0.0973
11 00273 0.163 -0.325
12 0.0297 0.150 0.340
i3 0.140 0192 -0.796
14 0235 0172 -1.155
15 0.0161 0247 0.245
16 0.00000892 0.110 -0.00574
17 00184 0448 -0.261



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINDO MINES COMPANY
VANADIUM, NEW MEXCO
SMELTER/TAILINGS SOILS |U SITE-SPECIFIC COPPER TOXCITY MODEL REPORT
Multiple Linear Regression
Data source: Interim Criteria Adjustment Report ARCADEIS2013 (allinput varizbles log transformed)
Log LC50 =0 705 +(0.730* log TOC) - (0.549 * log Hardness) +(0.837* log Alkalinity) + (0,102 * Log TSS)
N=17
R=0.919 Rsqr = 0.844 Adj Rsqr =0.792
Standard Error of Estimate=0.139

Coeffident Std. Error t P VIF
Congant 0.705 0390 1807 0.0%
logTOC 0.730 0.170 4286 0001 1.325
log Hardness -0.54¢9 0344 -1.596 0.136 3.899
log Akalinity 0837 0256 izn 09007 4,052
LogTSS 0.102 0136 0.752 0467 L.i71l

Warning: Multicollinearity is present among the independent vanables. The veriables with thelargest values of VIF are causing the problem.
Consider getting moredata or eliminating onc ormore variables from theequation. The likely candidates for elimination are: log Alkalinity

Analysis of Varjance:
DF 88 MS F |
Regression 4 1251 0313 1627 <0.001
Residual 12 0231 00192
Total 16 1482 0.0926
Column SShor SSMarg
logTOC 0923 0.353
log Hardness ¢.117 0.049¢
log Akalinity 0200 0.206
LogTSS 00109 0.0109
The dependent variable Log LCS0 can be predicted froma linear combination of the independent variables:
P
log TOC 0.001
log Hardness 0.136
log Akalmily 0.007
LogTSS 0.467

Not ali of the independent varisbles appear nevessary (or the multiple linexr model may be underspecified).
The following appear to account for theability to predict Log LC50 (P <0,05) log TOC, log Alkslinity

Normality Test (Shapwo-Wilk) Failed (P =0.008)
Constant Variance Test. Passed (P=0.222)
Power of performed test with alpha =0.050: 1.000

Inflvence Diagnostics:

Row Cook's Dist, Lewersge DFFITS
1 60181 0303 4.291
2 00211 0.134 0.320
3 00564 0324 0.521
4 0.131 0244 0.852
5 0133 0243 1.049
6 0.0804 0.189 0.656
7 0.146 0428 -0.853
B 0884 0565 2.377<
9 00347 0286 0.406
10 0.137 0467 -0.819
1 000696 0220 -0.180



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
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VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS IU SITE-SPECIFIC COPPER TOXNCITY MODEL REPORT

12
13
14
15
16
17

00743 0.197 -0.624
00242 0169 -0.342
00692 0347 -0.579
000524 0285 -0.155
000906 0139 -0.206

0154

0458

-0.872



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHIND MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS I SITE-SPECIFIC COPPER TOMCITY MODEL REPORT
Multiple Linear Regression
Data source: Interim Criteria Adjustment Report ARCADIS2013 (alinput varkables log transformes)
LogLC50 =0.621 +(0.690 * log DOC) - (0.0456 * log Hardness) + {0417+ log Alkalinity )+ (0 ¢393 * Log TSS)
N=17
R=0.925 Rsqr = 0.855 Adj Rsgr =0.807
Standard Exror of Estinnate =0.134

Coefhdent Std. Error t P VIF
Congtant 0621 0.383 1621 0.131
log DOC 065 0.152 4.545 <0001 1.992
log Hardness -0.0456 0388 0117 0.908 5.334
log Akalinty 0417 0300 1350 01% 5.998
LogTSS 00393 0.134 0294 07 1220

Waming: Multicollinearity is present among the independent vaniables, The variaties with thelargest valucs of VIF are causing the problem.
Consider getting moredata oreliminating one ormore varisbles from theequation, The likely candidates forelimination are: log Hardness, log
Alkalinity

Analysis of Varipnce:
DF 55 MS F P
Regression 4 1268 0317 17722 <0.001
Residual 12 0215 00170
Total 16 1482 0096
Column SSiner S5Marg
log DOC 1.113 0.369
log Hardness 0.120 0.0006247
log Akalnty 00331 0.0346
LogTSS 0.00154 0.00i54
The dependent variable Log LC50 can be predicted froma linearcombination of the independent varisbles:
P
log DOC <(.001
log Hardness 0.908
fog Akalinity 0.190
LogTSS 0.774

Not all of the independent varigbles appear necessary (or the multiple linear mode) may be underspecified).
The following appear to account for theability topredict Log LC50 (P <0.05): log DOC

Normality Test(Shapiro-Wilk) Passed (P =0.685)
Constant Variance Test Passed (P=0.280)
Power of performed test with alpha =0.050.1.000

T —

Influeace Diagnostics:

Row Cook's Dist. Lewmge DFFTIS
1 0.00291 0203 0.116
2 000349 0169 0.127
3 0124 0339 0.794
4 00757 0233 0.622
5 0.189 0241 1074
6 0.00775 0224 0.190
7 00786 0495 -0.610
] 0392 0525 1.452
9 00382 0285 -0.427
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10
1
12
13
14
15
16
17

00262 0.504 -0.348
000526 0224 -0.156
0127 0215 -0.851
0.106 0214 <0.760
0238 0277 -1215
00645 0278 0.564
0000989 0.117 -0.0674
0000301 0457 -0.0643



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO
SMELTER/TAILINGS SOILS U SITE-SPECIFIC COPPER TOXCITY MODEL REPORT
Multiple Linear Regression
Dsta source: Interim Criteria Adjustment Report ARCADIS2013 {allinput variables log transformed)
LogLC50=0.993 +(0.698 * log TOC) - (0.530 * log Hardness) +(0.838 * log Alkalinity) +(0.0960 * Log TSS) - (0.0365 * pH)
N=17
R=0.921 Rsqr = 0.847 Adj Rsgr =0.778
Standard Error of Estimate= 0,143

Coeffident Std. Error t P VIF
Constani 099 0.736 1348 0205
log TOC 0598 0.189 3.695 0.004 1524
log Hardness -0.530 0358 -1481 0.167 3.949
log Akalinky 0838 0265 3.167 0009 4.053
LogTSS 0.0960 0141 0680 0511 1.181
pH -0.0365 00780 -0A468 0649 1.247

Warsing: Multicollineaity is present among the independent variables The variables with thelargesi values of VIF are cansing the problem.
Consider getting moredata oreliminating one crmore variables from theequation. The likely candidates forelimination are: log Alkalimity

Analysis of Variance:
DF S5 MS F
Regression 5 1256 0251 12212 <0.001
Residual 11 0226 00206
Total 16 1482 00926
Column SShor SSMarg
log TOC 0923 0.281
log Hardness ¢.117 0.0451
log Akalinty 0200 0.206
LogTSS 00109 0.00950
pH 000450 0.00450
The dependent vasiable Log LC50 can be predicted froma linear combination of the mdepeadent varisbles:
P
log TOC 0.004
log Hardness 0.167
log Akaliniy 0.009
LogTSS 0.511
pH

Not all of the independent verisbles appear necessary (or the multiple linear model may be indempecified).
The following appesr to account for theability topredict Log LC50 (P <0.05): log TOC, log Alkalinity

Normality Test (Siapiro-Wilk) Failed  (P=0.035)
Constant Variance Test: Passed (P=0415}
Power of performed test with alpha =0.050: 1.000

Infivence Diagnostics:

Row Cook's Dist. Leverage DFFITS
i 00117 0311 -0.254
2 (0248 0247 0376
3 00492 0.328 0.533

4 0118 0253 0.890

5 0144 0255 1.008

6 00621 0199 0.626

7 0200 0478 -1.114

8 04676 0575 2252«
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10

12
13

15
16
17

00235 0314 -0.363
021 0.714 -1.128
000299 0289 -0.128
0.0569 0206 -0.593
0.0911 329 0.744
0.0659 0357 -0.620
0000235 0428 -0.0358
0.00645 0.143 -0.190
037 057% -1.553



APPENDIX D
STATISTICAL SUMMARIES OF MULTIPLE LINEAR REGRESSION ANALYSES
FREEPORT-MCMORAN CHINO MINES COMPANY
VANADIUM, NEW MEXCO
SMELTER/TAILINGS SOQILS IU SITE-SPECIFIC COPPER TOXCITY MODEL REPORT
Multiple Linear Regression
Data souree: Interim Criteria Adjustment Report ARCADIS2013 (allinput variables log transformed)
LogLC50 =0.437+(0.715* log DOC) - (0.0328 * log Hardness} +(0.396* log Alkalinity)+(0.0399 * Log TSS) +(0.0219* pH)
N=17
R=0.925 Rsqr =0.856 Adi Rsgr=0.791
Standard Error of Estimate = 0,139

Coefficent Std. Brror t P VIF
Constant 0437 0.795 0.550 0593
log DOC 0715 0184 384 0.003 2.687
log Hardoess 00328 0407 -00806 0937 5410
log Akalinity 039 0322 1229 0245 6.381
LogTSS 00399 0139 0286 0.780 1.220
pH 00219 0.0820 0267 0.795 1463

Warning: Multicollinearity is present among the independent variables. The vanables with thelargest values of VIF are causing the problem,
Consider getting moredata or eliminating one ormore variables from theequation. The likely candidates forelimination are log Hardness, log
Alkalinity

Analysis of Variance:
DF S8 MS F P
Regression 5 1269 0254 13.04 <0001
Residual 11 0213 00194
Total 16 1482 0096
Column SSha SSMarg
log DOC 1113 0.294
log Hardness 0.120 0.000126
log Akalinity 0.033) 0.0293
LogTSS 000154 0.00159
pH 000138 0.00138

The dependent variable Log LC50can be predicted from a linear combination of the mdependent variables.
P

log DOC 0.003
log Hardness 0.937
Jog Akalinity 0.245
LogTSS 0.780
pH 0795

Not alt of tbe independent variables appear necessary (or the multiple linear model may be underspecified),
The foilowingappear to aceount for theability topredict Log LC50 (P <0.05): log DOC

Normality Test (Shapiro-Wilk) Pagsed (F=0.774)
Constant Variance Test: Passed (P=0.326)
Power of performed test with alpha = 0.050: 1.000

Influence Diagnostics;

Row Cook’s Dist. Lew DFFTIS
1 0400187 021 0.101
2 000800 0247 0.210
3 0.09%44 0.340 0.757
4 00604 0249 0.605
5 0153 0245 1.059
6 000585 0224 0.180
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10
11
12
13
14
15
16
17

00861 063} -0.695
0345 0537 1.500
00454 0329 0.517
0.192 0713 -1.047
000918 0280 -0.225
0.125 0240 -0.932
0.148 0331 -0.981
0.183 0279 -1.158
0.0682 0367 0.630
0.000918 0.120 -0.0709
000424 0657 0.152
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VANADIUM, NEW MEXICO
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Multiple Linear Regression
Data souree: Interim Criteria Adjustment Report ARCADIS2013 (allinput variables log transformed)
LogLC50 =0.0802+ (0.846 * log TOC) +(0.471 * log Alkalinity}+(0.0904 * log TDS)
N =17
R=0.900 Rsqr = 0.310 Ady Reqr =0.766
Standard Error of Estimate =0.147

Coefficient Sed. Error t P YIF
Constant 0.0802 0724 0.1 0914
logTOC 0846 0.166 5.107 <0001 1114
log Akalinity 0471 0225 209 0056 2775
logTD8 0.0904 0437 0207 0839 2.605
Analysisof Variance:

DF 8§ MS F P

Regression 3 1201 0400 18491 <0.001
Resichal 13 0281 00216
Total 16 1482 009256
Column SSher SSMarg
log TOC 0923 0.565
log Akalinity 0277 0.0951
log TDS 0000927 0.000927

‘The dependent variable Log LC50 can be predicted from a linearcormbination of the independent variables:
P

Jog TOC <0.001
log Akcalinity 0.056
log TDS 0.839

Not all of the independent varisbles appear necessary (or the multiple linear model may be underspecified).
The following appear to account for theability topredict Log LC50 (P <0.05): log TOC

Normality Test {Shapiro-Wilk) Passed (P=0.544)
Constant Variance Test: Passed (P=0.787)
Power of performed Lest with alpha =0.050: 1.000

Influence Diagnostics

Row Cook'y Dist. Leverage DFFTS
1 003527 0.191 -0.457
2 000422 0.105 0.125

3 00725 0.140 0.557
4 0269 0267 1.134
] 0.149 02n 0.811

6 006290 0112 0.33%
7 00421 0471 -0.397

B 0567 0615 1.533
9 00330 0234 -0.355
10 0340 03355 -1244
11 000000381 0453 -0.00375
12 00568 0.0985 -0.500
13 00180 0.149 -0.262
14 0.000410 00704 0.0389
15 0.00330 0.158 ¢.111
16 00091 0.150 -0.190
17 0.07%0 0209 -0.567
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Multiple Linear Regression
Data source: Interim Criteria Adjustment Report ARCADIS2013 (3l input variables log transformed)

Log LC50=0.134+(0.718 * log DOC) +(0.273 * log Alkalinity)+ (0.296 % Jog TDS(ACZ))

N=i7
R =0.928 Rsr = 0.261 Adj Rsqr =0.829
Standard Frror of Estimate =0.126
Coefficient Std. Error t P VIF

Constant 0.134 04518 0217 0832
log DOC 0.718 0113 6347 <0001 1.246
log Akalinity 0273 0202 1353 0.19%9 3.046
log TDS (ACZ) 0296 0378 0.783 0448 2.659
Analysis of Variance:

DF S8 MS F P
Rogression 3 1276 0425 26,783 <0.001
Rosidual 13 0206 00159
Total 16 1482 00926
Column SShher SSMarg
log DOC 1113 0.640
log Akalinity 0153 0.0291
log TDS (ACZ) 000973 0.00973

The dependent varisble Log LC50 canbe predicted from a linearcombination of the independent varigbles:
4

log DOC <0.00}
log Akaliniry 0.199
log TDS (ACZ) 0.448

Not all of the independent varighles appear necessary (or the multiple linear mode] may beunderspecified).
The following sppear to account for theability topredict Log LCS0 (P < (.05 log DOC

Nomuality Test (Shapiro-Wilk) Passed (P =0.595)
Constant Variance Test: Passed (P=0.331)
Power of performed test with elpha =0.050- 1.000

Influence Diagnostics:

Row Cook's Dist. Leverage DFFITS
1 0.0000151 00987 0.00746
2 0.0000102 0113 0.00615
3 00637 0144 0.516

4 0.102 0286 0.638
5 0201 0.198 0.995

6 0.00163 0116 0.0777
K 000928 0475 -0.185
8 0441 0583 1.343
9 00252 0225 -0.315
10 00826 0471 -0.560
i1 900606 0456 0.150
12 00738 0.0961 -0.589
13 0118 0.186 -0.718
14 00548 00856 -0.497
15 00327 0110 0.362
i6 0000267 0127 -0.0314

17 0.00169 0230 -0.0790
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Muligle Linesar Regression
Data source: Interiva Criteria Adjustment Report ARCADIS2013 (alinput variables log transformed)
Log LC50 =0.220 4 (0843 * logTOC) +{0.507 * log Alkaliniy)
N=17
R=10.900 Rsqr=0.810 Adj Rsqr=0,782
Standard Exror of Estimate=0,142

Coelficient Std. Error t r VIF
Constant 0220 0248 0.288 0389
logT OC 0843 0.159 5292 <001 1.105
log Akalinity 0.507 0.137 3704 0002 1.105
Analysiz of Variance:

DF §s MS F P
Regression 2 1200 0600 29.749 <0.001
Residual 14 0282 0.0202
Total 16 1482 0.0926
Column SSher SSMarg
loglOC 0923 0.565
log Akalinky 0277 0.277
The dependent variable Log LC50 can be predicted from a linearcombination of the independent varisbles:
P

fogTOC <0.001
jog Akalinity 0.002

Al independent varigbles appear to contribute 1o predicting Log LC50 (P <0.05).
Normality Test{Shapiro-Wilk) Passed (P=0.503)
Constant Variance Test: Passed (P=0.802)

Power of performed test with alpha =0.050. 1.000°

Influence Diagnostics:

Row Cook s Dist. Leverage DFFITS
1 00613 017 =0.427
2 000396 00604 0.106
3 0.0355 00642 0339
4 0216 0.174 0.878
5 0.178 0203 0.765
6 00236 0.0643 0.267
7 0.0365 0306 0322
B 0506 0515 1.253
9 00481 0230 0.372
10 0348 031 -1.077
11 000120 0.182 -0.0578
12 00780 0.0963 -0.508
13 00242 0.133 -0.264
14 0000506 00638 0.0376
15 000441 0.156 0111
16 00134 0.135 -0.195
17 00500 0127 -0.388
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Muliple Linear Regression
Data source: Interim Criteria Adjustment Report ARCADIS 2013 (all input varisbles log transformed)
LogLC50=0 588+ {0.703 * log DOC) +(0.395* log Alknlinity)

N =17

R =0.924 Rsqr=0.854 Adj Rsgr =0.833

Standard Error of Estimate = 0.124

Coeffident Std. Error t P YIF
Constant 0.588 0209 2811 0014
log DOC 0.703 0.110 6393 <0.001 1.212
log Akalinity 0395 0.125 3152 0007 1.212
Analysis of Variance:

DF 88 MS F P
Regression 2 1266 04633 41.003 <0.001
Residual 14 0216 00154
Total 16 1482 0.0926
Column SSha SSMarg
fog DOC 1.113 8.631
log Akalinky 0.153 0.153
The dependent variable Log L.C50 cinbe predicted from a linear combination of the independent varizbles:
P

log DOC <0.001
log Akaliniy 0.007

All independent varidbles appear to contribute to predicting Log LC50(P <0.05).
Normality Test{Shapiro-Wilk) Passed (P=0.467)

Constaut Variance Test: Passed (P=0.321)

Power of performediest with alpha =0.050. 1.600

Infivence Disgnostics:

i ——————

Row Cook's Dist. Lewrage DFFITS
1 0.000511 00818 0.0378
2 0.060011 0.0638 0.0504
3 00250 00750 0279
4 0.113 0.181 0.595
§ 06222 0.185 0.883
6 000365 0.0607 0101
7 0.0446 0278 -0.357
8 0617 0408 1.409
9 00412 0221 -0.344
10 00510 0446 -0.379
1] 0.00721 0.168 -0.142
12 00922 00931 -0.564
13 0.168 0177 -0.749
14 00754 00856 -0.504
15 0.0438 0109 0.355
16 000150 0112 -0.0647
17 0.000385 0.163 0.0328
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Muttiple Lineayr Regression
Dats source: Interim Criteria Adjustment Report ARCADIS 2013 (zH input variables [og transformed)
LogLC50=0.646 +(0.793 * log TOC}+(0.523 * log Alkalmity) - (0.051 1 * pH}

N=17
R=0.903 Rsqr =0.816 Adj Rsgr =0.773
Standard Ervor of Estimate =0.145

Coeflident Std. Error t P VIF
Constant 0646 0.700 0924 0373
log TOC 0.793 0.180 4403 <0001 1.354
log Aksaliniy 0523 0.142 3685 0003 1.141
pH -00511 00782 -0.653 0525 1.226
Aunalysis of Variance:

DF 5s MS F P

Regresston 3 1209 0403 19.163 <{0.001
Residual 13 0273 00210
Total 16 14582 00926
Column SSiner SSMarg
log TOC 0923 0.408
log Akaliniy 0277 0.286
pH 0.00897 0.00897

The dependent variable Log LC50 can be predicted from a linearcombination of the independent variables:
| 4

log TOC <0.001
log Akalinky 0.003
pH 0.523

Not all of the independent variables appear necessary (or the multiple linear model may be underspecified).
The following appear to account for theabitity topredict Log LC50 (P < 0.05) log TOC, log Alkalinity

Normelity Test{Shapiro-Wilk) Passed (P=0.411)
Constant Variance Test: Passed (P =0.795)
Power of performed test with alpha =0.050: 1.000

Influence Diagnostics:

Row Cook's Dist. Lewrage DFFITS
1 0.0408 0.190 -0.399
2 0.00234 0.150 0.0931
3 0.0274 00650 0.339
4 0.169 0.178 0.906
5 0.124 0212 0.730
6 00173 00736 0.262

7 0.0692 0361 -0.515

8 0333 0520 1.166
9 0.0280 0255 -0.326
10 0.751 0,605 -1.807
11 0.000283 0245 0.0323
12 00604 0113 -0.511
13 0.109 0286 -0.664
14 0.0000199 0.0969 0.00858
15 00253 0265 0.310
16 0.00836 0,138 =0.177

17 0.142 0245 -0.780
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Muifiple Linear Regression
Data spurce: Interim Criteria Adjustment Report ARCADIS2013 {aflinput variablesiog transformed)
LogLC50=0.418 +{0.725* log DOC) +{0.384* log Alkalinity)+(0.0214 * pH)

N=17
R=0.925 Raqr = 1.855 Adj Rsqr =0.822
Standard Error of Estimate ={,129
Coefficient Std. Error t P VIF

Consgant 0418 0632 04662 0520
log DOC 0.725 0136 5312 <0001 1.742
log Akalinity 0384 0136 284 0014 1.329
pH 00214 00751 0285 0.780 1439
Analysis of Variance;

DF 88 MS F P
Regression 3 1267 0422 25,569 <0.001
Residual 13 0215 0.0165
Total 16 1482 00926
Column SShe SSMarg
log DOC 1.113 0.466
log Akalinity 0.153 0.132
pH 000134 000134

‘The dependent vanable Log I.C50 canbe predicted froms lin ear combination of the independent varishles.
P

log DOC <0.001
log AKkaliniy 0014
pH 0.780

Not ali of the independent varisbles appear necessary (or the multiple linear model may be underspecified).
The following appear fo account for theability topredict Log LC50 (P <0.05): log DOC , log Alkalinity

Normality Test (Shapiro-Wilk) Passed (P=0.674)
Constant Variance Test: Passed  (P=0.454)
Power of performed test with alpha =0.050: 1.000

Influsace Diagnostics:

Row Cook's Dist. Luenge DFELTS
1 0.000271 00854 0.0316
2 0.00381 0.150 0.119
3 00191 00817 0.275
4 0.0852 0200 0.593
5 0.165 0.189 0.882
6 000278 0062 0.102
7 00371 0371 -0.374
8 0514 0514 1.493
9 0.0429 0254 0406
10 0223 0632 -0.9235
1 00137 0239 -0.226
12 00892 0116 -0.646
13 0222 0289 -0.993
14 00528 0.0851 -0.485
15 0.0581 0209 0.480
16 000126 0.115 -0.0683
17 00124 0405 0.215
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Appendix E

Evaluation of STSIU Surface-Water Chemisiry Ranges

Based on available surface-water data, this Appendix presents an evaluation of chemistry ranges measured
in STSIU surface waters. The purpose of this ewvaluation Is to assess whether the chemistry range used to
develop the WER model sufliciently represents the range of water chemistries in the STSIU study area.

Availsble surface-water data were collected during the monsoon season during three difierent years: 2010,
2011, and 2013. The map in Figure E-1 shows locations of samples collected during these sampfing efforts

A summary of these data is provided below.

» 2010 Wet Season Survey: This study was performed in September of 2010 to gain a general
understanding of STSIU water chemistry ranges and whether SSC could be developed In the
STSIU surface waters. A total of 12 surface-water samples were collected from the cument
STSIU study area and analyzed for a complete set of water chemistries. Most drainage areas
surweyed were dry during this study, which was performed in a relatively dry year. Prior to this
sampling effort, surface-water chemistry data aveilable for the Site was generally limited to metals
and hardness concentrations (i.e., parameters necessary for evaluating hardness-based
compliance). Thus, these surface-water samples provided an initial indication of water chemistry
characteristice in STSIU.

e 2011 WER Sampling: As described In the current report and in ARCADIS (2013a), two rounds
of surface-water sampling were conducted three weeks apart during the 2011 monsoon season
(in August and September). in total, 18 surface-water samples were collected for WER toxicity
tests and analyzed for a complete set of water chemistry and six additional samples were
coliected and analyzed for water chemistries. Surface water samples used in the WER toxicity
{ests were collected from ephemeral pools (assoclated with recent monsoon stormwater runoff)
as well as intermittent and perennial pools. Most drainage areas surveyed were dry during this
study, which was also performed in a relatively dry year.

s 2013 Wet Season Survey: An additional round of sampling was performed in August 2013 In
accordance with the curent work plan methods (ARCADIS 2011) to support this evaluation of
chemistry ranges in STSIU surface waters. Relative to conditions from previous wet season
sampling efforts (in 2010 and 2011), drainage areas observed dusing this survey generally
contained more water because of strong monsoonal precipitation in 2013. During the initial
evaluation of chemistry variability in STSIU surface waters (provided in the draft Ciriteria
Adjustment interim report), it was noted that 2011 samples captured water chemistry veriability.
NMED SWQB comments to the interim Report (received December 2012) observed that although
samples represented a spatial and temporal chemistry range, thera was no basis to conclude that
samples account for all the variability Statements conceming water chemistry variability and the
range of chemistries observed across STSIU surface waters were subsequently modified in the
revised Interim Report to better refiect the avallable data (ARCADIS 2013a). During the
dewelopment of this WER mode! report, and based on feedback from NMED SWQB regarding the
representativeness of the model to STSIU chemistry ranges, it was determined that additional
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surface-water samples could benefit the analysis of model applicabllity fo STSIU surface waters.
Therefore, a total of 13 additional samples were collected based on available surface water
located throughout the STSIU study area (Figure E-2).

Analytical methods used for chemical analyses of these samples were consistent with methods
used during the two 2011 WER sampling rounds (refer to Table 2 in Appendix A for a summary
of these methods). Photo-documentation of all surface-water pools sampled dwring field effort is
provided as an Attachment to this Appendix (Attachment E-1). Table E-1 lists sample dates,
coordinates, dimensions, and field water quality parameters from the 13 surface-water pools
sampled during this effort. Strong monsoconal precipitation occurred intermittently during the
three days of sampling; as a result, drainage areas generally contained more surface water than
cbsened during previous years as stated previously. However, some drainage areas that were
targeted for sample collection were dry (Figure E-2) during this effort, including dreinage areas
that were originally targeted for WER testing in the study work plan (ARCADIS 2011). All
surface-water samples were collected from pools, generally found in predominately bedrock
sections of dminage channels.

In total, 48 distinct surface-water samples have been collected in the STSIU study area across three
different years. A summary of complete water chemistries from these samples is presented in Table E-
2 and E-3. These samples represent the extent of available surface-water data that contain the
parameters evaluated during SSC development, and specifically the parameters determined to be
sipnificant predictors of Site-specific copper toxicity that are used in the proposed WER model {i.e.,
DOC and alkalinity).

The primary focus of this evaluation is to assess whether the range of water chemistry used to dewelop
the proposed model sufficiently represents the range of water chemistry that occurs in the STSIU study
area. To accomplish this, Figures E3 to E7 compare the measured chemistry range of select
parameters from the 17 toxicity tests used to develop the WER model te chemistry ranges across the
sampled STSIU subwatersheds. These water chemistry ranges are compared below for each of the
selected parameters.

Figure E-3 Dissolved Organic Carbon: DOC is an input parameter in the proposed WER model, and
was determined to be the strongest single predictor of Site-specific copper toxicity out of all parameters
evaluated (Section 3.2.2) . Surface waters used to dewelop the proposed WER model (N=17) ranged in
DOC concentrations from .2 mg/L {a Rustler Canyon sample) fo 15.7 mg/L (8 Subwatershed G
sample), representing a total range of more than an order of magnitude. The lowest concentration of
DOC from the WER toxicity tests {1.2 mg/L)is also the lowest DOC concentration measured in STSIU
surface waters (Figure E-3). This indicates the model is calibrated to a sufficiently low DOC range
based on expected concentrations. As described in this report, DOC concentrations measured across
most of these subwatersheds are very high, ranging up to 18.1 mg/L in a 2013 sample collected just
downstream of Ash Spring in Subwatershed B (Table E-2).

Figure E-4 Total Organic Carbon. Although not an input parameter in the proposed WER model,
TOC was also determined to be a significant predictor of Site-specific copper toxicity in this study
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Similer to DOC, the TOC model range is representative of measured ranges in STSIU surface waters.
Of the available surface-water data, TOC in one 2011 sample collected in Rustier Canyon (1.2 mg/L)
was below the low-end of tha model range (2.7 mg/L TOC). As shown on Figure E-4, TOC
concentrations in several samples collected from different subwatersheds were greater than the
samples used in the WER toxicity tests, ranging up to 20 mg/L (in a 2010 sample collected in
Subwatershed D).

Figure E-5 Alkalinity: Alkalinity is aninput parameter in the proposed WER model, Surface-water
samples used to develop the proposed WER model (N=17) ranged in alkalinity concentrations from 27
mg/L {a Rustler Canyon sample) to 250 mg/L (a Martin Canyon sample). Figure E-5 shows that this
model range covers the majority of alkalinity concentrations measured in STSIU susface walers. As
listed in Table E-2 and shown graphicelly in Figure 3, five samples were used in Site toxicity tests that
contained alkalinity concentrations less than or equal to 42 mg/L, indicating the model is well-calibrated
to lower alkalinity concentrations. Although lower alkalinity concentrations have been measured in
STSIU waters (Table E-2 and Figure E-5), the sensitivity of the modei tolow alkalinity and margin of
safety recommendations for model application together provide the technical basis to apply the model to
lower alkalinity concentrations and derive environmentally conservative SSC (Section 4.2.2.2),

Figure E-6 Hardness/Alkalinity Ratio: Although not an input parameter in the proposed WER model,
the hardness/alkalinity ratio was alsc determined to be a marginally significant predictor of Site-specific
copper toxicity In this study. As shown in Figure E-6, the model range captures the majority of
measured hardness/alkalinity ratios, and only 3 samples collected in Subwatershed D were greater than

the upper model range.

Flgure E-7 Total Dissolved Solids: Although not an input parameter in the proposed WER model,
TDS was also determined as a marginally significant predictor of Site-specific copper toxicity in this
study. Figure E-7 shows the TDS concentrations used to develop the WER model mostly cover the
range measured in STSIU surface waters. The lowest concentration of TDS from the WER toxicity test
samples was 90 mg/L. (a Rustler Canyon sample), and only a single 2011 sample collected in Rustler
Canyon was sfightly lower (80 mg/L). Ons 2013 sample collectedin Subwatershed B (downstream of
Ash Spring) contained a TDS concentration greater than the upper range of the model.

Conclusions

Owerall, this evaluation shows that the ranges of chemistry parameters used to develop the WER model
are representative of STSIU surface waters, based on water chemistries observed thus far in STSIJ.
One of the objectives of the WER study, as described in study work plan {ARCADIS 2011), was to
develop a WER model over a representative range of water chemistries based on the unique hydrologic
conditions and avallable aquatic habitats of STSIU. Comparing the range of chemistries used to
develop the model with the ranges of available STSIU surface-water data clearty shows that the model
was deweloped over a broad range relative to Site conditions (i.e., limited water). As described
previously, applying the mode! to sample concentrations that are not in the range used to develop the
model is not expected to introduce uncertainty towards the under-protectiveness of the SSC.
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Spectiically, the highest concentrations of DOC and alkalinity used 1o develop the WER model will be
used as the default input values when applying the model to samples that contain concentrations of
either or both of these parameters that are greater than the upper model range. This approach will
provide consenvative SSC, because both parameters protect against copper toxicity as their
concentrations increase; and this approach is consistent with guidelines for applying the cument
handness-based criteria. Conversely, the recommended approach is to apply the model to sample
atkalinity or DOC concentrations that are less than the low-and of the model range to ensurg the derived
SSC are environmentally conservative As described in Section 4.2 2.2, although a lower-limit is applied
in the current hardness-based approach, less protection against copper toxicity is expected at lower
POC and alkalinity concentrations. Thus, applying the WER model to concentrations less than the low-
end of the model range will result in more conservative criteria (i.e., lower SSC values).
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2013-SW-WER-BD: Photograph #1 2013-SW-WER-BD: Photograph #2

Notes:

Sample ID: 2013-SW-WER-BD

Drainage Deseription; Drainage C2 FREEPORT-MOMORAN CHING MINES COMPARY
Sample Type: Grab sample for analytical chemistry ";"“f‘r""\g‘;mg_“:“

Sample Date: 8/12/2013 SITE-SPECIFIC COPPER TOXICITY MODEL REPORT
Sample Time: 0915

Maximum Depth: 0.30 m PHOTO-DOCUMENTATION OF SURFACE WATER

Maximum Length: 12.19m SAMPLES COLLECTED DURING THE 2013 WET SEASON

Maximum Width: 1.82 m .
2 ARCADIS|  2013-SW-WER-BD




) 2013-§W-WER-5: Photograph #1 2013-SW-WER-S: Photograph #2

i ﬂ_ y ' YT P R o

e

i

Notes:
Sample ID: 2013-SW-WER-5
Drainage Description: Drainage C1 - Lower anmmmn CHIND MINES COMPANY
Sample Type: Grab sample for analytical chamistry U; Nin MEXICO
Sample Date: 8/1212013 b el
Sample Time: 1026
Maximum Depth: 0.33 m PHOTO-DOCUMENTATION OF SURFACE WATER
Maximum Length: Continuous run SAMPLES COLLECTED DURING THE 2013 WET SEASON
Maximum Width: 6.08m

f@ ARCADIS|  2013-SW-WER.5




2013-SW-C-BS: Photograph #1

2013-8W-C-BS: Pholograph #2

.I' b
1

Notes:
Sample ID: 2013-SW-C-BS
Drainage Description: Drainaga C1-BC FREEPORT-MCMORAN CHING MINES COMPARY
Sample Type: Grab sample for analytical chemistry ":"T“T“A‘g"l’;m:f
Sample Date: 8/12/2013 SITE-SPECIFIC COPPER TOXICITY MODEL REPORT
Sample Time: 1235 .
Maximum Depth: 0.46m PHOTO-DOCUMENTATION OF SURFACE WATER
Maximum Length: Continuous run SAMPLES COLLECTED DURING THE 2013 WET SEASON
Maximum Width: 1.22m

2 ARCADIS|  2013-SW-C-BS




2013-SW-C-BSD: Photograph #
gl

A A B

Notes:

Sampie ID: 2013-SW-C-BSD

Drainage Description: Drainage C1 - BC

Sample Type: Grab sample for analyticat chemistry
Sample Date: 8/12/2013

Sample Time: 1312

Maximum Depth: 0.61 m

Maximum Length: Continuous run

Maximum Width: 7.62 m

2013-SW-C-BSD: Photograph #2

FREEPORT-MCMORAN CHING MINES COMPANY
VANADIUM, NEW MEXICO

ATTACHMENT E-1
SITE-SPECIFIC COPPER TOXICITY MODEL RERORT

PHOTO-DOCUMENTATION OF SURFACE WATER
SAMPLES COLLECTED DURING THE 2013 WET SEASON

2 ARCADIS|  2013-SW-C-BSD




2013-8SW-WER-§: Photoaraph #1

Notes:

Sampile ID: 2013-SW-WER-6

Dreinage Description: Drainage C1 - Upper
Sample Type: Grab sample for anatytical chemistry
Sample Date: 8/12/2013

Sample Time: 1600

Maximum Depth: 023 m

Maximum Length: Continuous run

Maximum Width: 274 m

2013-8W-WER-6: Photograph #2

FREEFORT-MICHORAN CHING MINES COMPANY
VANATIUM, NEW MEQCO
ATTACHMENT E-1
SITE-SPECIFIC COPPER TOXICITY MODEL REPORT

PHOTO-DOCUMENTATION OF SURFACE WATER
SAMPLES COLLECTED DURING THE 2013 WET SEASON

f2 ARCADIS| 2013-SW-WER-6




2013-SW-C-BC: Photograph #1 . 2013-8W-C-BC: Photograph #2

Notes:
Sample ID: 2013-SW-C-BC
Drainage Description: Drainage C1 - BC FREEPORT-MCMORAN CHING MINES COMPANY
Sample Type: Grab sample for analytical chemistry ";""""”‘ NEW MEXCO
Sample Dats: 8/12/2013 msnummgﬁm:uommm
Sample Time: 1700
Maximum Depth: 0.52 m PHOTO-DOCUMENTATION OF SURFACE WATER
Maximum Length: Continuous run SAMPLES COLLECYED DURING THE 2013 WET SEASON
Maximum Widih; 3.66 m

2 ARCADIS|  2013-SW-C-BC




2013-SW-C2-Lower: Photograph #1

Notes:

Sample ID: 2013-SW-C2-Lower

Drainage Description: Drainage C2

Sample Type: Grab sample for analyticai chemistry
Sample Date: 8/13/2013

Sample Time: 0816

Maximum Depth: 0.18 m

Maximum Length: Continuous run

Maximum Width: 1.2 m

FREEPORT-MCMORAN CHING MINES COMPANY
VANADRIM, NEW MEXKO
ATTACHMENT £-1
SITE-SPECIFIC COPPER TOXICITY MODEL REPORT

PHOTG-DOCUMENTATION OF SURFACE WATER
SAMPLES COLLECTED DURING THE 2013 WET SEASON

£2 ARCADIS| 2013-SW-C2-LOWER




2013-SW-C2-Upper: Photograph #1

Notes:

Sample ID: 2013-SW-C2-Upper

Drainage Dascription; Drainage C2

Sample Type: Grab sample for analytical chemisiry
Sample Date: 8/13/2013 :

Sample Time: 1020

Maximum Depth: 0.73 m

Maximum Length: Continuous run

Maximum Width: 2.0 m

2013-SW-C2-Uppar: Photograph #2

} .,

FREEPORT-MACMORAN CHING MINES COMPANY
VANADIUM, NEW MEXICO
ATTACHMENT E-1
SIVE-SPECIFIC COPPER TOXICITY MODEL REFORT

PHOTO-DOCUMENTATION OF SURFACE WATER
SAMPLES COLLECTED DURING THE 2013 WET SEASON

5 ARCADIS| 2013-SW-C2-UPPER




2013-SW-BD-Lower: Photograph #2

= i _':""'rr_

2013-SW-BD-Lowsr: Photograph #1

Notes:

Sample ID; 2013-SW-BD-Lower

Drainage Descriplion: Drainage C2 FAEEPORT-MCVIORAN CHIN MINES COMPANY

Sample Type: Grab sample for analytical chemistry Vm ::m m:;o

Sample Dato: 8/13/2013

Sample Time: 1130 SITE-SPECIFIC COPPER TOXICITY MODEL REPORT

Dry Drainage — No sample collected PHOTO-DOCUMENTATION OF SURFACE WATER
SAMPLES COLLECTED DURING THE 2013 WET SEASON

3 ARCADIS| 2013-SW-BD-LOWER




2013-5W-BD-Upper: Photograph #3

2013-SW-BD-Upper: Photograph #1 2013-SW-BD-Upper: Photograph #2

Notes:
Sample ID: 2013-SW-BD-Upper
Drainage Description: Drainage C2 FREEFORT-MCMORAN CHINO MINES COMPANY
Sample Type: Grab sample for analytical chemistry ""“"'“”'"“"”:_“;’”
Sample Date. 8/13/2013 SMGWFEGQ:;?MWMOM REPORT
Sample Time: 1220
Max Depth: 2.5 inches PHOTO-DOCUMENTATION OF SURFACE WATER
Residual runoff from storm on 8/12/2013 SAMPLES COLLECTED DURING THE 2013 WET SEASON
Dry Drainage — No sample collected

£ ARCADIS| 2013-SW-BD-UPPER




2013-SW-CDW-1: Photograph #1
—

Notes:

Sample ID: 2013-SW-CDW-1

Drainage Description: Drainage D3

Sample Type: Grab sample for analytical chemistry
Sample Date: 8/13/2013

Sample Time: 1430

Maximum Depth: 0.43m

Maximum Length: Continuous run

Maximum Width: 3.44 m

13-SW-CDW-1: Photograph #2

FREEPORT-MCMGRAN CHINO MINES COMPANY
VANADIUM, NEW MEXICO

ATTACHMENT E-1
SITE-SPECIFIC COPPER TONICIVY MODEL REPORT

PHOTO-DOCUMENTATION OF SURFACE WATER
SAMPLES OOLLECTED DURING THE 2013 WET SEASON

$3 ARCADIS

2013-SW-CDW-1




Notes:

Sample ID: 2013-SW-D2

Drainage Description: Drainage D2

Sample Type: Grab sample for analytical chemistry
Sample Date: 8/13/2013

Sample Time: 1620

Maximum Depth: 0.21 m

Maximum Length: Cantinucus run

Maximum Width: 1.86 m

2013-SW-D2: Photograph #2

FREEPORT-MCMORAN CHING MINES COMPANY
VANADIUM, NEW MEGCO
ATTACHMENT E-1
SITE-SPECIFIC COPPER TOXKITY MODEL REPORT

PHOTO-DOCUMENTATION OF SURFACE WATER
SAMPLES COLLECTED DURING THE 2013 WET SEASON

§5 ARCADIS | 2013-SW-D2




2013-SW-WER-D1-2: Photograph #2

2013-SW-WER-D1-2: Photograph #1

A

Notes:

Sampls ID: 2013-SW-WER-D1-2

Drainage Description: Drainage D1 FREEPORT-MCMORAN CHIND MINES COMPANT

Sample Type: Grab sample for analytical chemistry ":’;‘r“&mw

Sample Dates: 8/14/2013 SITE-SPECIFIC COPPER TOXICITY MODEL REPORT

Sample Time: 0820

Maximum Depth: 0.17m PHOTO-DOCUMENTATION OF SURFACE WATER
SAMPLES COLLECTED DURING THE 2013 WET SEASON

Maximum Length: 7.32 m
Maximum Width: 5.18 m

£2 ARCADIS| 2013-SW-WER-D1-2




2013-SW-D1-BS: Photograph #1 2013-8W-D1-BS; Photograph #2

2013-8W-D1-BS: Photograph #3

Notes:

Sample ID: 2013-SW-D1-BS

Drainage Description: Drainage D1 FREEPORT-MCMORAN CHINO MINES COMPANY
Sample Type: Grab sampla for analytical chemistry mem:?
Sample Date: 8/14/2013

SITE-SPECIFIC COPPER TOXICITY MODEL REPORT

PHOTO-DOCUMENTATION OF SURFACE WATER
SAMPLES COLLECTED DURSNG THE 2013 WET SEASON

Dry Dralnags ~ No sample coflected

2 ARCADIS|  2013-SW-D1-BS




2013-SW-WER-7: Photograph #1

Notes:
Sample ID: 2013-SW-WER-7

Drainage Description: Drainage B

Sample Type: Grab sample for analytica! chemigiry
Sample Date: 8/14/2013

Sample Time: 1150

Maximumn Depth: 0.55m

Maximum Length: Continucus run

Maximum Width: 3.11m

2013-S8W-WER-7: Photograph #3

PREEPORT-MCMORAN CHING NHNES COMPANY
VANADIUM, NEW MEXICO

ATTACHMENT E-2
SITE-SPECIFIC COPPER TOXSCITY MODEL REPORT

PHOTO-DOCUMENTATION OF SURFACE WATER
SAMPLES COLLECTED DURING THE 2013 WET SEASON

@ ARCADIS| 2013-SW-WER-7




2013-SW-B: Photograph #1

Notes:

Sample ID: 2013-SW-B

Drainage Description: Drainage B

Sample Type: Grab sampie for analytical chemisiry
Sample Date; 8/14/2013

Sample Time; 1245

Maximum Depth; less than 0.5 inches

Residual runoff from storm on 8/12 ~ 8113/2013

Dry Drainage — No sample collected

2013-SW-B: Photograph #2

FREEPORT-MCMORAN CHING MINES COMPANY
VANADIUM, NEW MEXICO

ATTACHMENT E-1
SITE-SPECIFIC COPPER TOXICITY MODEL REPORT

PHOTO-DOCUMENTATION OF SURFACE WATER
SAMPLES COLLECTED DURING THE 2013 WET SEASON

2 ARCADIS 2013-SW-B




2013-8W-B-AS: Photograph 2013-SW-B-AS: Photograph #2
i = AL !

Notes:

Sample 1D: 2013-SW-B-AS

Drainage Description: Dralnage B

Sample Type: Grab sample for analytical chemistry
Sample Date: 8/14/2013

Sample Time; 1320

Maximum Depth; 0.1 m

Maximum Length: Continuous run

Maximum Width: 1.89 m

2013-SW-B-AS: Photograph #3

L™

FREEPCRT-MCMORAN CHING MINES COMPANY
VANADIIM, NEW MEXICO
ATTACHMENT E-1
SIVE-SPECIAC COPPER TOXICITY MODEL REPORT

PHOTO-DOCUMENTATION OF SURFACE WATER
SAMPLES COLLECTED DURING THE 2013 WET SEASON

ﬁARCADIS,I 2013-SW-B-AS
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Appendix F

Evaluation of Chiricahua Leopard
Frog Toxicity Data (from Little and
Caliee 2008)
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Appendix F
Evaluation of Chirlcahua Leopard Frog Toxicity Data {from Little and Calfee 2008)

This Appendix presents an evaluation of SSC protectiveness to the Chiricahua leopard frog (CLF), which
can be found in a limited portion of the STSIU study area. Bolion Spring {Subwatershed C) and Ash Spring
(Subwatershed B)and the associated migration pathway between them (Figure E-1) have been designated
s critical habitat for the CLF by the USFWS (Federal Register Vol. 77, No. 54, Tuesday, March 20, 2012).

Copper toxicity to the CLF was reported in a 2008 USGS study by Little and Calfee, submitted to the US
Fish and Wildlife Senvice {Little and Calfee, July 2008 Administrative Report). In this study, chronlc foxicity
tests were initiated with Stage 25 tadpoies during 60-day static renewal exposures to copper. Chronic tests
included a control and four copper freatments, with three replicates of three tadpoles (L.e., atotalof @
tadpoles) for each treatment. A 86-hour flow-through test was also performed using five copper
concentrations and one control, with four replicates of five tadpoles in each replicate (i.e., a total of 20
tadpoles) for each treatment. The exposures were conducted in a 50 percent mixture of well water and
deionized water. Table F-1 and F-2 prasent the copper foxicity effect concentrations and mean water quality
measurements from the acute and chronic toxicity tests.

Table F-1. Summary of CLF copper toxicity endpoints reported in Littie and Calfee (2008},

Measurement endpoint — Copper Eflect Concentration (Ug/L)
60-day Length LOEC 47
60-day Gosner Stagse LOEC 47
| 60-day Weight LOEC 7
60-day Sunival LOEC 165
96-hour LC50 470

Table F-2. Mean water quality parameters (+ standard deviation) reported by Litlle and Calfee (2008) during
the 60-day chronic copper exposure and during the 96-hr flow-through acute copper exposure.

Temper- Aikallnity Hardness
Toxicity Do ature Cond.2 (mg/Las | (mg/lL as NH,4
Tast (mglt) | (°C) pH | (usfem®)| CaCOy CaCOy) | (mgiL)
60-day 6.64 | 21.28 8.17 252 0942 102.9 0.374
static (1.33) | (0.61) | (0.134) | (5.23) (6.70) (8.42) (0.118)
rencwal _ . . o . . _
[06-hr low- | 6.1 220 8.5 252.6 103.3 1234 0.1
through (0.5) (0} {0.04) (1.2) 0.7) 9.7) (0.01)

Concentrations of total organic carbon (TOC) and dissolved organic carbon (DOC) were not measured or
reported In this study. However, concentrations of DOC and TOC are assumed to be low {i.e., less than 1
mg/L) because the laboratory dilution water used by Littie and Calfee (2008) was a 50 percent mix of
groundwater {i.e., well water) and deionized water; and each of these water types are characteristically low
in particulate and suspended sollds and total and dissolved organic carben. For a similar mixiure of wefl
water and delonized water that was used during the same time period in the same laboratory, Little et al.
{2012) assumed (for 2007) and measured (for 2008) DOC concentrations ranging from 0.2 to 0.5 mg/L.
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The exposure waters used in the CLF toxicity testing are considered to represent typical laboratory dilution
waters and are therefore considered acceptable waters for performing laboratory toxicity tests. Howaver,
the exposure waters used in the CLF tests do not represent all of the site-specific water chemistries in
STSW and are thus expected to over-predict copper toxicity to CLF in Site waters. For example, the mean
DOC concentration from the 5 surface-water samples that have been coliected within and immediately
adjacent to the CLF critical habitat is approximately 15 mg/L (range = 13 — 19 mg/L DOC), which is more
than an order of magnitude greater than the expected range of DOC concentration in the laboratory water
used in the CLF toxicity tests.

The toxicity-modifying properties of the Ske water described in this study and Incorporated in the proposed
WER mode! should be accounted for when interpreting the CLF toxicity values. Mechanisticalty, the
mitigating properties of Site water described throughout this report should also apply to the bloavailability
and toxicity of aqueous copper to other species, including amphiblans and thus the CLF, especially the
tadpole life stages that were tested by Little and Calfee (2008). The site-specific criteria (SSC) derived in the
proposed model approach represents an adjustment to the current hardness-based crteria, wherein the
model-predicted water effect ratic (WER) is multiplied by the current hardness-based criteria, Basedon
guidance conceming application of WERS to derive SSC, there is no reason to use species that occur at the
site when determining a WER value (USEPA 1824). Aside from experimental varistion, toxlcity tests
conducted with different species that have similar sensitivities are expected to give similar WERs (USEPA
1994). Because the WER is used to adjust the Criteria Meximumn Concentration (CMC; the acute criterion)
andfor the Criteria Continuous Concentration (CCC; the chronic criterion), selecting a species or test
endpoint that is close to the CMC and/or CCC to which the WER is to be applied is the most important
aspect conceming the species, test or endpoint sensitivity used to derive WERS (USEPA 19984; ARCADIS
2013a). This ensures the criteria-adjustment made with the derived WER is protective and applicable to the
sensitivity range of the CMC and/or CCC. Use of Daphnia magna as the primary test species in the current
WER study satisfied this requirement, as described in ARCADIS (2013a).

The protectiveness and applicability of the proposed WER model to the CLF is evaluated below for the
acute and chronic toxicity values reported by Little and Calfes {2008).

Evaluation of Acute Copper Toxicity to the CLF

Figure F-1 shows the distribution of acute copper toxiclty values used to calculate the current hardness-
based copper criteria. This distribution lllustrates the range of organism sensitivities to acute copper
toxicity and also fllustrates how awailable toxicity data are used to derive the current hardness-based
copper criteria. In short, a Genus Mean Acute Value (GMAV) is calculated by taking the geometric mean
of &ll toxicity values available for species within a genus. GMAVs are then ranked from low to high (ie.,
*1” for the lowest to “N” for the highest) and the cumulative probability for each GMAV ie calculated. The
Final Acute Value (FAV) is calculated using the four GMAVs that have cumulative probabilities closast to
0.05. If there are less than 59 GMAVSs as in the case with copper, these will always be the four lowest
GMAVs. As a result, the derived criterion is intended to protect 95% of a group of diverse genera
(USEPA 1985).

As shown in Figure F-1, the cumrent FAV for copper (with represents the 5™ percentile of available acute
toxicity values) Is 14.57 pg/L at a water hardness of 50 mg/L as CaCOj. Because the acute toxicity values
are LC50 concentrations (i.e., the concentration that kills or adversely affects 50 percent of the tested
population), the CMC is equal to one-half the FAV (i.e., CMC = FAV /2). This is done because a
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concentration that would adversely affect 50 percent of the Sth percentile (i.e., 50 percent of a sensitive
species) is not considered protective (USEPA 1985). Therefore, the cument hardness-based copper CMC
at a hardness of 50 mg/L as CaCQ; is 7.4 wg/L.

For comparison purposes, the 96-hour CLF L.C50 reported by Little and Calfee (2008) is also shown on
Figure F-1. The reported 96-hr CLF median lethal concentration (LC50) of 470 pg/L was nommalized to a
hardness of 50 mg/L as CaCOj; by using the copper-criteria hardness slope of 0.9422 In order to compare
with other reported acute \alues. At a hardness of 50 mg/L as CaCQ,, the nomalized CLF LCS0 is 201
ug/L, which is more than 27-fold greater than the hardness-based CMC. The cument hardness-based
copper criteria are thus protective of acule toxicity tothe CLF. The proposed SSC will also be protective
of acute toxicity tothe CLF because the toxicity-mitigating properties measured in Site water also apply to
other organisms and to the interpretation of the reported CLF values (i.e., the reported CLF acute value is
expected to be greater if exposure occurs in Site water).

Evaluation of Chronic Copper Toxicity to the CLF

Some additional background information on application of WERS to denve chronic criteria will be useful to
this discussion. As explained in USEPA (1994 and 2001), a WER derived from acute tests is applied to
both acute and chronic criteria. The WER value increases as the effect concentration decreases (i.e., WER
walues increase as the sensithity of the test increases) hecause of the effects of strong binding agents such
as DCC. Larger WER values are therefore expected for chronic tests than for acute tests. As a resuit, the
WER derived from acute tests is expected to be protective of chronic effects (USEPA 2001).

Chronic toxicity endpoints measured and reported by Little and Galfee {2008) include the lowest observed
effect concentrations (LOEC) for the following endpoints. length (47 pg/L), weight (7 ug/L), and Gosner
stage (47 pg/l). As described in Calfee and Little (2008), Gosner staging is based on mormphological
changes that occur during dewelopment. The rate of development from one etage to the next is dependent
on a variety of physical and ecological factors (including temperature, water quality, nutrition, activity levels,
population density, competition, predation, contaminant exposure}; therefore, the age of fest organisms and
their Gosner devalopmental stage canvary considerably.

The CLF chronic LOECs reported above were determined in exposure water containing a mean hardness of
102.9 mgfL. For reference, the cument hardness-based chronic copper criterion at a hardness of 100 mg/L
as CaCO; is 9 pg/L. This is approximately equal to the most sensitive CLF weight LOEC, and more than 5-
fold less than the CLF length and Gosner stage LOECs Therefore, the hardness-based chronic copper
criterion (without adiustments made to account for Site-specific water chemistry) is expected to be protective

of CLF dewelopmental stages.

SSC derived fom the proposed WER model approach are also expected to be protective of the CLF
developmental stages represented by the chronic LOECs reported by Little and Calfee (2008). This
conclusion is based on:

Sensitivity of Effect Concentrations: The chronic effect concentrations for CLF length, width and weight
compare with the current copper criteria and the sensitivity of the toxiclty tests used to develop the WERs.
Daphnia magna was selected as the test species for WER toxicity tests because it is sensitive at
approximately the copper criteria concentrations. Therefore, the proposed WER model is cafibrated to
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appropriately adjust the cument hardness-based copper criteria concentration, which Is also within the range
and protective of the most sensitive CLF chronic values.

To further illustrate the agreement between the sensitivity of the WER modsl and the sensitivity of the CLF
LOECs, the WER model can be applied to the water chemistry used in the CLF chronic exposures (Table F-
1) as described below (based on the steps described in Table 4),

* Using the mean alkalinity of 93 mg/L. measured during the 60-day chronic period and an assumed
DOC concentration of 0.5 mg/L as nput parameters to the Predicted EC50 equation shown in step
1 of Table 3, a predicted D. magna LC50 of 14,31 ug/L dissolved Cu is obtained. Although the
listed equation specifies an EC50, this value simply represents a given sensitivity as described
above. Worth noting is that the predicted EC50 value is only 2 times the 60-day CLF growth LOEC
of 7 and is much Jower than the length and Gosner stage LOECs of 47 ug/L. As described below,
applying the SMAV as the WER denominator provdes a margin of safety and will lower the SSC
value from this predicted EC50 value.

* Normalized to a hardness of 100 mg/L, this predicted EC50 equals 13.93 ug/L dissolved copper
(because the reported mean hardness concentration from the 80-day chronic exposure is 102.9
mg/L).

* The D. magna SMAV, which is the selected WER denominator, ata hardness of 100 mg/L equals
19.31 ug/L dissolved Cu. Thus, the predicted WER for the laboratory water used by Little and
Celfee (2008) is calculated by dividing 13.93 Hg/L by 19.31 g/l (i.e., sample WER = 13.93/19.31
=0.7222),

* ‘Therefore, the SSC for the laboratory water used by Little and Calfee (2008) equals the pradicted
WER (0.722) multiplied by the current copper CCC of 9 pg/L (at a hardness of 100 mg/L). 0.722 x
9= 6.49 ug/L dissolved copper.

This example demonstrates that the proposed WER model, and recommendations for its application, will
provide SSC that are protective of CLF developmental stages. The most sensitive CLF chronic effect
concentration reported by Little and Calfee (2008) is the 60-day weight LOEC of 7 Lg/L copper. Whaen the
model is applied to the water chemistry reported in that study (and assuming a range of potential DOC
concentration from 0.2 to 0.5 mg/L, as was used for a similar mixture of well water and dsicnized water in
Little et al. 2012), the derived SSC of 3.41 to 6.49 Mg/l dissolved copper is protective of this sensitive
endpoint, and the other 60-day chronic effects.

Site-Specific Water Chemistry: The mitigating effact of Site-specific water chemistry on copper toxicity has
been documented In this report. Because laboratory dilution water used in the CLF studies {i.e., amixture
of deionized water and well water) differs from Site water chemistry, the reported CLF chronic effect
concentrations are not expected to reflect Site-specific toxicity values. Instead, based on the strong toxicity-
modifying effects of STSIU water chemistry established in this study, copper toxicity is expected to be
mitigated significantly relative to the reported CLF effect levels. As stated previously, the high DOG
concentrations measured within and adjacent to the CLF critical habitat transect are especially important
when considering the taxicity-mitigating properties of Site waters, particularly the surface waters where the
CLF is expected to possibly occur (i.e., the CLF critical habitat transect). From a mechanistic perspective,
POC has strong copper-binding properties, which results in the formation of copper-organic carbon
complexes that do not readily bind to the receptor site for biotic uptake. In effact, the formation of DOC-
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organic carbon complexes decreasss the amount of free metal ion, which is the major contributor to
aqueous metal toxicity. The laboratory dilution water used in the Little and Calfee (2008) CLF toxicity study
is typical of reconstituted water used in laboratory toxicity tests, and therefore represants a highly
conservative estimate of toxicity. This concept that water chemistry can modify copper toxicity is described
throughout the report, including a summary of the current scientific understanding of copper toxicity
mechanisms and empirical measurements made in Site wafer.

it is also necessary to evaluate the study design and possible uncertainties related to the reported CLF
effact concentrations to provide sdditional context to this protectiveness evaluation. This evalustion is

provided below.
Evaluation of Copper Toxicity Test Design and Interpretation of Results

Evaluating aspects of the study design described in Littie and Calfes (2008} is important to ensure that any
interpretation or application of results on a site-specific basis is technically-sound and minimizes pessible
uncertainties. The intent here is not to criticize the quality of this study, but to understand possible
uncertainties that might be associated with the reported effect concentrations. This is necessary in order to
evatuate the protectiveness of the proposed WER model approach to the sensitivity of the CLF to copper
toxicity. The cument understanding of the CLF sensithity to copper is based entirely on the Little and Calfeo
Administrative Report {2008) because no other study reports copper taxicity to the CLF. A technical review
of this Administrative Report follows.

Acute Toxicily Test: The acute copper toxicity tests (96-hour flow through exposure) performed by Little
and Calfee (2008) appears tohawe been conducted in general accordance with American Society for
Testing and Materials (ASTM) acute toxicity protocol, as described by the study authors. This study design
provided sufficient replication of copper treatments, with four replicates of five tadpoles per trealment
{treatments included five copper concentrations and one control). This provides a total of 20 tadpoles per
tested concentration, which is consistent with the requived minimum for performing suchtests. However,
the 96-hour LC50 concentration appears to be based on nominal exposure concentrations, because the
report does not specify or present measured copper concentrations for this acute test. In general, metal-
toxicity studies that do not report measured concentrations ars not considered of high encugh quality for
inclusion in criteria-derivation calculations.

Chronic Toxicity Test (60-day Static Renewal Exposure)

The most sensitive CLF copper effect concentrations were derived from the 60-day static renewal exposure
test. "Static-renewal” refers to a test method in which the exposure solutions are renewed with fresh
exposure solutions at specific intervals throughout the duration of the test. In the 60-day copper CLF study
conducted by Little and Calfee (2008), exposures were renewed twice weekly ower the 60-day exposure
period. An svaluation of specific study desigh components from the 60-day static renewal exposure tests

foliows.

Replication and Sample Skze: The replication and sample size of the 60-day copper exposure tests was
limited to only three replicates per concentration with three tadpoles per replicate (for a tota of nine tadpoles
per tested concentration). This level of replication is less than what is typically required for a definitive
toxicity test and can thereby limit the confidence of derived effect concentrations. However, it is recognized
here that the CLF is federally-listed as a threatened species and therefore organlsm availability was likely
limited for performing the toxicity tests. As stated ebove, a minimum of 20 organisms per tested
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concentration is usually preforred as the minimum number of organisms when performing definitive toxicity
tests.

Analytical Measurements: The 60-day copper exposure test included only a limited number of analytical
measurements. As described previously, DOC concentrations were not measured in dilution water
{although measured DOC concentrations are available from the same period of time in the same
laboratory).

An important point to consider when interpreting the 60-day effect concentrations is the frequency of
analytical copper measurements. Over the course of the 60-day exposure to copper, metals were measured
in the exposure solutions only twice —following 30 and 60 days of exposures. The average of these two
values was used to compute the actual copper exposure concentrations. This is impertant because the
reported effect concentrations are directly based on the measured copper concentrations. Significant
uncestainty could therefore be introduced towards the actual effect concentrations, as described in more
detait bslow,

The report states that: exposure solutions were renewed twice weekly: tadpoles were fed 12 hours belore
each water change; and water samples were collected for copper analysis at the end of the 30-day and 60-
day exposure period. Thus, copper concentrations were not measured in the fresh exposure soiutions, birt
were instead measured at the end of an exposure period (i.e., following days 30 and 60) after feeding
occurred. This has important implications for Interpreting the reported copper effect concentrations because
the method used for copper analysis (i.e., the frequency and timing of measurements) likely underestimates
the actual exposure concentrations. Specifically, the concentration of aqueous copper in solution is
expected {o decrease following feeding because copper adsorbs to food particulate matter (food In this
study consisted of gelatin cubes of crushed algae discs, fish flakes, cucumber, and calcium powder),
thereby decreasing the amount of aqueous copper in solution. Table 14 in Calfee and Little {2008) shows
the nominal and measured copper concentrations from the 60-day study; measured concentrations were
always less than nominal. For the reported copper LOEC concentrations {i.e., 7 pgfL for weight, 47 pg/L for
length and Gosner stage, and 165 pg/L for mortality), the measured concentrations were only 16 to 25
percent of the nominal concentrations, which suggests that copper decreased towards the end of an
exposure period (when copper was measured) and/or the preparation of the copper stock solution or dosing
of the stock solution to exposure chambers was inaccurate. With static renewals performed twice weekly
ower a 60-day exposure period, this equals about 18 separate renswals of the exposure solution but copper
was measured only twice during this exposure period. As a result, there is considerable uncertainty
regarding the range of exposure concentrations (and therefore considerable uncertainty about the accuracy
of these reported effect concentrations). Assuming preparation of the stock solutions and copper dosing
were accurately performed, this would indicate copper concentrations at the beginning of a renewal
exposure period were approximately 4 to 6 times greater than the copper concentrations measured
following a renewal exposure period (i.e., when water samples were collected for copper analysis). As a
consequence, the toxicity of copper to CLF tadpoles might be approximately 4 to & times less than the
reported effect concentrations indicate.

Metal Fraction Measured: Although not specifically reported by the study authors, we assume measured
copper concentrations represent the dissolved fraction. Even If total recoverable copper concentrations
were measured, it is probably safe to assume that dissalved and total recoverable concentrations were
approximately equal because these tests were performed using a mixture of groundwater and delonized
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water (both of which should have contained low concentrations of particles [for groundwater] or no particles
[for deionized water]).

Growth-Basad Endpoint Measurements: For weight and length measurements, sufficient data are not
reported to determine weight and length vasiability of organisms used at test initiation. Those initial weights
and lengths are needed to understand whether there were any differences in the size of tadpoles at test
initiation across the treatments. This is iikely not a crucial issue, but could influence the results if size
difiorences existed between treatments. Additionally, it is unclear whether the weights listed in Table 13 of
Little and Calfee (2008) represent the mean and standard deviation of the replicates {i.e., total biomass of
surviving tadpoles) or of individual tadpoles within a tested concentration.

Angther important consideration regarding the interpretation of these effect concentrations Is the linkage
between the types of endpoints measured and the vability of local populations. From a population
standpoint, slight reductions in weight or length might not be significant drivers towards maintaining
locally viable and reproducing populations of CLF. That is, slight growth reductions (representsd by the
reported laboratory exposures) might not impair the reproductive success of an individual, which is likely
key to the maintenance of local populations.

CLF Survey Observations: Another point to consider is the populations of CLF documented by the
USFWS .during delineation of the critical habitat transect. The transect line shown in Figure E-2 was
delineated as CLF critical habitat by the USFWS based partly on obsenations of extended CLF
occumence in these drainages. For reference, dissolved copper concentrations measured within and
immediately adjacent to this critical habitat transect ranged from 34 to 62 pg/L (based on 5 samples; Table
E-3). This copper range Is greater than all chronic growth-based LOECs reported by Little and Calfee
(2008). Provided these are viable, reproducing extant CLF populations, this suggests that copper
concentrations In surface waters within the critical habitat drainage areas do not cause adverse reproductive
or population effects. The findings from this report regarding Site-specific copper toxiclty support this
cbhsenation.

Summary

In summary, the proposed WER model approach will provide consenvative SSC that will be protective of the
CLF, because STSIU water chemistry parameters should modify the toxicity of copper to CLF inthe same
manner as they modify the toxicity of copper to fish and cther aguatic organisms. Beyond that margin of
safety, the uncertainty about the accuracy of chronic-growth-effect concentrations reporied by Littie and
Calfee (2008) possibly contributes additionally to an over-prediction of copper toxicity to CLF, Therefore, the
CLF chronic-toxicity results reported by Little and Calfee (2008) should be interpreted with caution and
should not be used fo derive site-specific criteria for STSIU waters.
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