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PROLOGUE

This document represents an assessment of risks for ecological receptors at the Gilt Edge Mine
Site for conditions that were present from July 1995 to June 2002. Current conditions at the Gilt
Edge Mine site were changed from that present in 2002 as a result of two primary events. First,
the Ruby Waste Repository was filled and capped and second, the waste water treatment system
that discharged treated mine waste water from the site to Strawberry Creek was completely
replaced. The original waste water treatment system was a sodium (or aluminum} hydroxide
addition system the primarily raised the pH of mine waters prior to discharge. The new
wastewater treatment system came online in September of 2003 and is a lime (bicarbonate)
addition system. The description of baseline risks for aquatic and terrestrial receptors provided
in this document may not reflect current site conditions.
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EXECUTIVE SUMMARY
Introduction

This document is a bascline ecological risk assessment (ERA) for the Gilt Edge Mine located
southeast of Lead and Deadwood, South Dakota (Figure ES-1). The purpose of the ERA is to
describe the likelihood, nature, and extent of adverse effects to ecological receptors resulting
from exposure to contaminants released at the mine and to surrounding areas as a result of site
activities. This information, along with other relevant information, is used by risk managers to
make decisions whether remedial actions are needed to protect the environment.

This ERA is completed according to current United States Environmental Protection Agency
(USEPA) guidance for ecological risk assessments (USEPA 1992, 1997a, 1998). For the Gilt
Edge Mine site, the ERA process was initiated by performing a screening-level ecological risk
assessment (SERA) in January of 2001 (USEPA 2001a). The SERA concluded that risks from
site-related chemicals could not be excluded for any of these ecological receptors, and identified
data needed for the completion of a more detailed evaluation. The ERA report is organized into
the nine sections including: Introduction, site characterization, nature and extent of
contamination, problem formulation, risks to aquatic organisms, risks to terrestrial plants and
soil invertebrates, risks to wildlife receptors, uncertainties, and references.

Site Characterization

The Gilt Edge Mine is listed as CERCLIS Site # SDD987673985 and is also known as the
Strawberry Creek Tailing Piles and Brohm Gold Mine. The site is situated in the northern Black
Hills of westem South Dakota (SDDENR, 1999) near the town of Lead and Deadwood to the
west and Galena to the east (Figure ES-2). The Gilt Edge Mine is part of the Bear Butte Mining
District, which has been the site of numerous gold mining operations since the mid-1870’s
{Brohm Mining Corp., 1988). Historic underground mining operations extracted sulfide-bearing
gold ores from irregular deposits in veins and fracture zones in the volcanic rocks. Some limited

-surface mining was also conducted at the site (USDOI, 2000). Production of gold and silver,

along with small amounts of copper, lead, and zinc are reported. The Gilt Edge Mine Site
including Anchor Hill encompasses approximately 412 acres including the Sunday Pit, the
Dakota Maid Pit, the Anchor Hill Pit, the Langley Pit, the Ruby Gulch Waste Rock Dump, the
Heap Leach Pad, relic tailings and other features.

Surface water from the Gilt Edge Mine Site drains through three sub-basins into Bear Butte
Creek (OEA, 1998; USEPA, 1993c; SDDENR, 1999). Except during spring runoff, Bear Butte
Creek disappears into sinkholes in the Madison limestone approximately 2.5 miles below the
confluence with Ruby Gulch. The three main drainages pertinent to the Gilt Edge Mine site
included Ruby Gulch, Strawberry Creek, and Hoodoo Gulch. For the purposes of this
assessment two streams are used as references: Butcher Gulch, upstream Bear Butte Creek,
Boomer Gulch, and Two-Bit Creek.

ES-1



Nature and Extent of Contamination

Several investigations of the Gilt Edge Mine Site were completed prior to and subsequent to the
SERA. The SERA identified the presence of a number of contaminants of potential concern in
site soil, sediment, groundwater, and surface water. In the SERA, the USEPA reviewed the
adequacy of the available data to support reliable ecological risk evaluations, and identified
several data gaps. The USEPA recommended additional sampling and analysis of environmental
media needed to support risk assessment at site-related locations based on the results of a
scoping meeting and a site visit conducted August 8 to 9, 2000. A field investigation was
conducted in September 2000. A second field investigation was completed in October 2001 to
document possible changes in water and sediment chemistry and toxicity, and the benthic
macroinvertebrate community resuiting from changes in the waste water treatment plant. A
report issued in April of 2000 summarizes the data collection and results for both the September
2000 and October 2001 field investigations (USEPA, 2002).

For the purposes of this assessment, the available data for the Gilt Edge Mine site are divided
into two conceptual categories: Mine Source Area and Riparian Area. Mine source area refers to
data collected within the boundaries of the mine site and workings while Riparian Area refers to
data collected in surface water drainages (surface water, sediment, soil and biological tissue)
outside of the boundary of the mine site and workings. All samples from Strawberry Creek,
Hoodoo Gulch and Ruby Gulch are considered to be “Riparian Area”. The USEPA has
compiled a master database of all results with the assistance of CDM Federal. The ERA uses a
subset of data from this master database (as of the date of this document) with some additions
and modifications.

Riparian Areas. For the purposes of this assessment, areas of potential ecological exposure are
divided into a number of reaches, including several locations that are not believed to be impacted
by site-related releases and that serve as reference areas. These reaches and reference areas are
listed below and are shown in Figure ES-3.

Exposarc Reaches for Surface Water

Reach Description Designation
Strawberry Creek Strawberry Creek and surrounding areas | Site
Ruby Gulch Ruby Guich and surrounding areas Site
Hoodoo Gulch Hoodoo Gulch and surrounding areas. Site

Bear Butte Creek downstream of

confluence with Strawberry Creek Site

Downstream Bear Butte Creek

Upstream Bear Butte Creek Bear Butte Creek upstream of confluence | Reference for Bear Butte

with Strawberry Creek Creek
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Exposure Reaches for Surface Water

Reach Description Designation

Boomer Gulch Boomer Gulch and surrounding areas. ggzicnce for Strawberry

Butcher Gulch Butcher Gulch and surrounding areas. 2?::?“08 for Strawberry

Two Bit Creek Two Bit Creek (Anchor Gulch) and Reference for Strawberry
surrounding areas. Creek

Mine Source Area. Surface material within the mine source area is composed of fill material,
waste rock and some soil (surface and subsurface). The material most recently present within
the Mine Source area has been characterized as the result of four scparate investigations:

Problem Formulation

Problem formulation is a systematic planning step that identifies the major concerns and issues
to be considered in the ERA, and a description of the basic approach that will be used to
characterize the potential risks that may exist (USEPA 1997a). The problem formulation for this
baseline ecological risk assessment began with a SERA that was completed for the site in March
2001 (USEPA 2001a).

Site Conceptual Model. Figure ES-4 presents the site conceptual model (SCM) for the baseline
ecological risk assessment. As indicated in the SCM, although there are a number of complete
exposure pathways by which ecological receptors may come into contact with site-related
contamination. It is not feasible to evaluate exposures and risks for each avian and mammalian
species potentially present at the site. For this reason, specific wildlife species are identified as
surrogates (representative species) for the purpose of estimating exposure and risk. The
surrogate species are wildlife species present at the site that are representative of other species
with similar dietary preferences and feeding guilds. The species identified as surrogate species
at this site include the masked shrew (Sorex cinereus), the American robin (Turdus migratorius),
the belted kingfisher (Ceryle alcyon), the mink (Mustela vison), the deer mouse (Peromyscus
maniculatus), and the bobwhite quail (Galliformes phasiadinae).

Management Goals. Management goals are descriptions of the basic objectives which the risk
manager at a site wishes to achieve. The overall management goal identified for ecological
health at the Gilt Edge Mine site as first described in the SERA is as follows {(USEPA 2001a):

Ensure adequate protection of ecological systems within the impacted areas of the Gilt

Edge Mine Site by protecting them from the deleterious effects of acute and chronic
exposures fo site-related contaminanis of potential concern.
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"Adequate protection” is generally defined as protection of growth, reproduction, and survival of
local populations. That is, the focus is on ensuring sustainability of the local popuiation, rather
than on protection of every individual in the population.

In order to provide greater specificity regarding this general goal and to identify specific
measurable ecological values to be protected, the following list of sub-goals was derived:

. Ensure adequate protection of terrestrial plant communities, including native plant
communities, by protecting them from the deleterious effects of acute and chronic
exposures to site-related contaminants of potential concem.

. Ensure adequate protection of aquatic life in Strawberry Creek and Bear Butte
Creek from the deleterious effects of acute and chronic exposures to site-related
contaminants of potential concemn.

. Ensure adequate protection of terrestrial mammal and bird populations by
protecting them from the deleterious effects of acute and chronic exposures to
site-related contaminants of potential concern.

. Ensure adequate protection of threatened and endangered species (including
candidate species) and species of special concern and their habitat by protecting
them from the deleterious effects of acute and chronic exposures to site-related
contaminants of potential concem.

Assessment and Measurement Endpoints. Assessment endpoints are explicit statements of the

characteristics of the ecological system that are to be protected. Assessment endpoints are either
measured directly or are evaluated through indirect measures. Measurement endpoints represent
quantifiable ecological characteristics that can be measured, interpreted, and related to the
valued ecological components chosen as the assessment endpoints (USEPA 1992, 1997a).

Table ES-1 describes the assessment and measurement endpoints used to interpret potential
ecological risks for the Gilt Edge Mine site. These measurement endpoints can be divided into
three basic categories of approach:

. Hazard Quotients (HQs)
. Site-specific toxicity tests (S5TTs)
. Observations of population and community demographics (Pop/Comm. Dem.)

Weight of Evidence Evaluation. As noted above, each of the measurement endpoints has
advantages but also has limitations. For this reason, conclusions based on only one method of
evaluation may be misleading, Therefore, the best approach for deriving reliable conclusions is
to combine the findings across all of the methods for which data are available, taking the relative
strengths and weaknesses of each method into account. If the methods all yield similar
conclusions, confidence in the conclusion is greatly increased. If different methods yield
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different conclusions, then a carefutl review must be performed to identify the basis of the
discrepancy, and to decide which approach provides the most reliable information.

Risks to Aquatic Receptors
Based on the site concepival model (Figure ES-), the following ¢xposure pathways are
quantitatively evaluated using the HQ approach:

. Direct contact with contaminants dissolved and/or suspended in surface water.
This pathway is most applicable to fish, but is also applicable to benthic
organisms that reside in the uppermost portion of the sediment substrate.

. Direct contact with contaminants in sediment. This pathway is most applicable to
benthic macroinvertebrate species that live buried within the sediment substrate.

. Exposure of fish by all pathways combined, based on tissue levels of
contaminants in fish tissue.

Each of these evaluations are described below.

Risks to the Aquatic Community from Direct Contact with Surface Water. Three lines of

evidence (the HQ approach) are used to evaluate risks to aquatic receptors from direct contact
exposure to surface water. Thesc lines of evidence include the hazard quotient (HQ)
calculations, the toxicity testing of surface water and the biological community data (benthic
invertebrate and fish). The findings from the lines of evidence evaluated for exposures of
aquatic receptors to COPCs in surface water are summarized in the following table.

ES-35



Line¢ of Evidence

Findings

HQ calculations based on surface
water concentrations

For Strawberry Creek, acute toxicity (risk) is associated with aluminum,
cadmium, copper and zinc and to a lesser extent to chromium,
manganese, and selenium. Chronic toxicity (risk) is associated with
cadmium and to a lesser extent calcivm and manganese, aluminum,
cobalt, copper, selentum and sodium.

For Hoodoo Gulch , acute toxicity (risk) is associated with aluminum,
cadmium, copper and zinc and to a lesser extent manganese. Chronic
toxicity (risk) is associated with aluminum and manganese and to a
lesser extent berytlivm, cadmium, cobalt, copper, and nickel.

For Ruby Gulch, acute toxicity {risk) is associated with aluminurn,
cadmium, copper and zinc although to a lesser extent compared to
Strawberry Creek and Hoodoo Guich.. Chronic toxicity (risk) is
assoctated with cadmiuvm.

For Bear Butte Creck only moderate acute risks are identified associated
with copper downstream of Strawberry Creek.

Direct Toxicity Testing

For Strawberry Creek, surface water toXicity testing identified that site
surface waters are significantly toxic and reduced both the survival and
growth of fathead minnows in all samples tested.

For Bear Butte Creek, surface water samples were not toxic to fathead
MiNNows. ’

Population Observation
Benthic Community Structure

For Strawberry Creek, the benthic macroinvertebrate community is
severely or moderately impaired compared to reference stations (Figure
5-28).

For Bear Butte Creek, the benthic macroinvertebrate community is
slightly impaired relative to reference stations.

Population Observation
Fish Community Structure

For Strawberry Creek, the fish community is impaired relative to
upstream Bear Butte Creek in that some types of fish are absent or
severely limited in number. There does appear to be some recovery at
the station located just above the confluence with Bear Butte creek,

For Bear Butte Creek, the fish community does not appear to be
impaired downstream of Strawberry Creek compared to upstream.

Based on these lines of evidence, it is concluded that site-related COPCs in surface water pose
an unacceptable risk to aquatic receptors in Strawberry Creek. Based on the weight of evidence,
risks associated with COPCs in surface water are not predicted for Bear Butte Creek This

conclusion is based on the observations that 1) the HQ values calculated for Bear Butte Creek do

not predict risk; 2) toxicity tests do not demonstrate toxicity; and 3) the benthic
macroinvertebrate community is only slightly impaired and this impairment may be associated

with sediment contamination.
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In order to increase the usefulness of the weight of evidence evaluation and to attempt to identify
the possible cause of toxicity observed in the surface water toxicity testing, the surface water
toxicity testing results are further analyzed. Several COPCs as significantly correlated with the
toxicity observed (cither reduced survival or reduced growth), Several constituents that are
correlated with toxicity are components of total dissolved solids (TDS). TDS consists of
minerals, organic matter, and nutrients dissolved in water. Equivalent terminology in Standard
Methods is filtrable residue (USEPA, 1987). The major components of TDS in natural waters
include: bicarbonate (HCO,), calcium (Ca?), sulfate (SO,?2), hydrogen (H"), silica (SiO,),
chlorine (CI), magnesium (Mg*?), sodium (Na*), potassium (K*), nitrogen (N,, NH,, NO?, NO*),
and phosphorus in the form of phosphate (PO,”). These components are listed in general order
from most concentrated to least concentrated in typical surface waters. Bicarbonate can make up
50% of TDS in some streams. Minor constituents that are normally just a trace in streams
include: iron (Fe*™), copper (Cu*?), zinc (Zn"), boron (B*?), manganese (Mn*?), and molybdenum
(Mo®). A constant level of TDS is essential for the maintenance of aquatic life because the
density of total solids determines flow of water in and out of an organism’s cells (osmosis). A
sudden or extreme change in TDS can be detrimental to aquatic life. For instance, an increase in
salts could kill freshwater species whose bodies are not constructed to live in saltwater.

For most purposes EPA considers the terms TDS and salinity to be equivalent (USEPA, 1987)
although salinity 1s diffcrent than TDS. Salinity refers only to salts and i1s defined as the
concentration of all ionic constituents that include halides, bicarbonates, and sodium chloride.
USDOI (1998) provides a summary of data concerning the toxicity of salinity to freshwater
organisms, In general, the acute toxicity threshold for fathead minnow is reported for 6 to 10
parts per thousand (ppt); for daphnia from 6 to 10 ppt; for Hyalella azteca from 16 to 19.5 ppt
and Chironomus utahensis at 13.3 ppt (USDOI, 1998). The State of South Dakota also has a
water quality standard for TDS set at 1.75 ppt. All of the TDS components measured in the
samples for toxicity testing, with the exception of potassium, are correlated with the observed
toxicity.

An cvaluation was completed to identify which of the COPC concentrations could explain the
observed toxicity. The results of the definitive surface water tests are compared to known
toxicity levels (LCsy) values for each of the COPCs identificd as being significantly correlated
with the observed toxicity (cadmium, calcium, cobalt, magnesium, manganese, nickel, selenium,
sodium, sulfatc, and TDS). The toxicity of the sample(s) is not explained by concentrations of
calcium, cadmium, magnesium, nickel, selenium, sodium and TDS. Cobalt, manganese, and
sulfate are identified as possible contributors to toxicity. The toxicity of the Strawberry Creek
surface water samples represents the effects of the mixture of COPCs including possible
antagonistic, synergistic and/or additive effects between individual components. The toxicity of
the mixture is represented directly by the measured results of tests with the surface water
samples but may not be well represented by the individual single-compound results. In other
words, our comparison of single contaminant LC,, values may not be a good measure of the
overall toxicity. In making these comparisons it is assumed that the single contaminant (COPC)
is the sole cause of toxicity and it’s toxicity is not affected by other constituents (COPCs).
Interpretation of the cause of toxicity is also confounded by the following factors:
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. The analyses of the COPCs in the test water samples represents the state of the sample at
the time of collection and may not represent the actual exposure conditions in the test
beakers after manipulation in the laboratory.

. Toxicity could be associated with an constituent or multiple constituents that were not
analyzed for in the test samples,

In order to develop a tool for assessing major ion toxicity, Mount et al. (1997) performed a series
of acute toxicity tests with three freshwater species on solutions enriched with varying
combinations of major ions. Results of these tests were incorporated into multivariate logistic
regression models that predict survival of the three test species based on major ion
concentrations, Using this model, the predictive toxicity for Strawberry Creek associated with
TDS components is much less than that observed. This comparison infers that toxicity observed
for the water samples cannot be explained by TDS alone and clearly indicates the presence of
another toxicant(s). As previously stated, toxicity may be caused by constituents(s) that were
not analyzed for in the surface water samples. Historic use of polymers (surfactants) has been
documented for the waste water treatment system prior to discharge to Strawberry Creek. These
organic chemicals are a possible cause of the observed toxicity in surface water samples. Itis
not possible to confirm the exact cause of toxicity. To confirm a specific cause(s) or to ensure
that future discharges of treated effluent are not toxic, site-specific toxicity testing is
recommended in addition to monitoring for COPC concentrations and water quality parameters.

Risks to the Aquatic Community from Direct Contact with Sediments. Three lines of
evidence are available to evaluate risks from sediments to benthic organisms. The findings from
the lines of evidence are summarized below.

Line of Evidence Findings

HQ Calculations For Strawberry Creek, risks are categorized as severe for benthic organisms
exposed to cadmium, copper, lead and zinc in sediment. Risks associated with
silver are high and for aluminum and manganese are moderate.

For Hoodoo Gulch, risks are categorized as severe for benthic organisms
exposed to cadmium, copper, lead, 5|Iver, and zinc. Risks associated with
manganese are moderate.

For Ruby Gulch, risks are categorized as high for benthic orgamsms exposed
to copper. Risks associated with copper are moderate.

For Bear Butte Creek (downstream) risks are categorized as severe for benthic
organisms exposed to cadmium, copper, and zinc. Risks associated with lead
and silver are high.
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Line of Evidence Findings

Direct Toxicity Testing For Strawberry Creek, very high toxicity was observed in sediment toxicity
testing. Survival of . azteca was very low ranging from 6 to 30% compared
to 70 to 100% in controls (September 2000). Very high toxicity was also
observed in samples collected almost a year later (October 2001).

For Bear Buite creek, toxicity was not observed in the sediment toxicity
testing.

Population Observations For Strawberry Creek, the benthic macroinvertebrate community is severely or
Benthic Community Structure moderately impaired compared to reference stations.

For Bear Butte Creek, the benthic macroinvertebrate community is slightly
impaired relative to reference stations.

In summary, based on a weight of evidence approach, it is concluded that COPCs in sediments
are adversely impacting benthic organisms in Strawberry Creek. For downstream Bear Butte
Creek, the HQs predict toxicity but none was observed in sediment testing and the benthic
macroinvertebrate community is only slightly impaired relative to reference. Risks to aquatic
receptors in Bear Butte Creek from exposure to COPCs in sediment is not considered to be
significant,

In order to increase the usefulness of the weight of evidence evaluation, the sediment toxicity
testing results are compared to concentrations of COPCs in the sediment samples. This analysis
identifies copper (p< 0.0001; R2 =0.93) in the sediment samples as a possible cause of the
toxicity observed.

Risks from All Pathways Combined. One line of evidence (tissue-based HQ values for fish) is
available 10 evaluate risks to aquatic receptors (fish} from all aquatic exposure pathways
combined (surface water, sediment and dietary exposure). The findings from this line of
evidence are summarized below.

Line of Evidence Findings
HQ calculations based on fish tissue For cadmium, risks are identified as severe in Strawberry Creek
burdens and downstrearn Bear Butte Creek. For lead and chromiwm risks

are identified as minimal.

Based on this line of evidence, it is concluded that risks to fish from COPCs in all media (surface
water, sediment, and diet) are significant in Strawberry Creek and downstream Bear Butte Creek
associated with cadmium.
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Overall Conclusion Regarding Risks to Aquatic Receptors. The weight of evidence
combined across all observations indicates that risks to aquatic receptors from site-related
COPCs are high in Strawberry Creek, Hoodoo Gulch and Ruby Gulch and unacceptable risks do
not extend downsiream into Bear Butte Creek.

Risks to Terrestrial Plants and Soil Organisms

This section provides an assessment of risks to terrestrial plant and soil organisms living in soils
which are potentially impacted by contaminants from the Gilt Edge Mine site. Based on the site
conceptual model (Figure ES-), the following exposure pathways are selected for quantitative

evaluation:
. Direct contact of plant roots with chemicals in surface soils.
. Direct contact with soils by soil invertebrates.

Only one line of evidence (the HQ approach) is available to evaluate risks to plants and soil
invertebrates from COPCs in soils. The findings from this line of evidence are summarized in
the following text table.

Line of Evidence Findings
HQ calculations based on " | For Strawberry Creek, risks are categorized-as severe for plants
concentrations measured in soil and soil invertebrates exposed to copper and silver in soils,

Risks associated with selenium and thallium are high and zinc
are moderate.

For Bear Butte Creek, risks are categorized as high for plants
and soil invertebrates exposed to copper and zinc. Risks
assoctiated with silver and thallium are moderate.

For Mine Source Area Soils certain soil, fill and waste rock
samples have HQ values greater than 1 for arsenic, copper,
lead, zine, thallium, silver and seleninm.

Based on this line of evidence, it is concluded that risks from site-related contaminants in surface
soil are of concern in the riparian area of Strawberry Creek and Bear Butte Creek and in the
Mine Source Area area. Risks for riparian soils are associated with copper, silver, thallium, and
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zinc. Risks for Mine source area soils are associated with arsenic, copper, lead, sclenium, silver,
thallium, and zinc.

Use of HQ values to interpret risks does not consider environmental factors which may influence
the toxicity of COPCs in soils to plants and soil invertebrates. The total metal content of soils is
not a good predictor of potential toxicity. Soil-solution free metal activity

For lead and copper in soils it is possible to more accurately predict the toxicity of soils based on
the measured pH and organic carbon content of the soils using a data set and regression
equations developed by Sauve et al (2000). Sauve et al. (2000) developed regression equations
to predict toxicity to plant and soil organisms from copper and lead. Using the measured bulk
metal concentrations and soil pH, the free metal concentrations in the soil solution is estimated.
The free metal activity is then used to predict the expected inhibition of the plant and soil
organism communities and microbial processes. A 25% inhibition corresponds to the level at
which most organisms will begin to exhibit adverse effects and represents the threshold for the
beginning of ecosystem toxicity (Suave et al., 2000). A 50% inhibition represents a drastic
impact on the ecosystem with major impacts on microbial processes, moderate impacts to
organisms of average sensitivity, and alterations of plant productivity and species competition
{Suvave et al., 2000).

The predictive model (equation) was applied to the data for fill material, soil stockpiles, and
waste rock for copper and lead. The results are sorted conceptually into three categories:

. Low (low inhibition <10%)
. Medium {from 10 to 30% inhibition}
. High (>30% inhibition)

The results indicate that most fill material samples are not toxic but most waste rock and soil
stockpile samples are toxic.

Risks to Wildlife Receptors

Exposure of wildlife receptors may occur through ingestion of contaminated surface water while
drinking, ingestion of contaminated soil or sediment while feeding, and ingestion of
contaminated food web items. It is not feasible to evaluate exposures and risks for each avian
and mammalian species potentially present within the site. For this reason, specific wildlife
species are identified as surrogates (representative species) for the purpose of estimation of
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exposure and risk in the ERA. The surrogate species at the Gilt Edge site and the exposure
pathways evaluated for each species include:

Surrogate Species for Riparian Exposure Reaches

Surrogate Species

Feeding Guild Exposure Pathways Evaluated

Mink Mammalian piscivore Ingestion of surface water, sediment,
Belted Kingfisher Avian piscivore and fish
Masked Shrew Mammalian insectivore Ingestion of surface water, soil, and

soil invertebrates

American Robin

Avian omnivore Ingestion of surface water, soil, plants

Deer mouse

Mammalian omnivore and soil mvcr_tebrates

Bobwhite quail

Ingestion of surface water, s¢il and

Avian herbivore
plants

Surrogate Species for Mine Source Area
Surrogate Species Feeding Guild Exposure Pathways Evaluated
Deer mouse Mammalian omnivore Ingestion of soil (soil, fill material or
Bobwhite quail Avian herbivore waste rock) and plants

The basic-equation used for calculation of an HQ value for exposure of a terrestrial wildlife
receptor to a2 contaminant by ingestion of an environmental medium is:

where:

C

IR -DF_ _-RBA
H Qr‘c’m - ©,m my .y [

BW,-TRV,,

HQ for exposure of receptor “r” to COPC “c” in medium “m”
Concentration of COPC “c” in medium “m” (mg/kg)

Intake rate of medium “m” by receptor “r”” (kg/day)

Body weight of receptor “r” (kg)

Dietary fraction of medium “m” by receptor “r” derived from site
(%) :

Relative bioavailability of COPC “c” in medium “m” (%)
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TRV, = Toxicity reference value for COPC “c” for receptor “r” (mg/kg
BW/d)

Because all receptors are exposed to more than one environmental medium, the total Hazard
Index (total HI) for a receptor from a specific COPC is calculated as the sum of HQs for that
COPC across all exposure pathways:

H[c,r = Z HQc,m,r

If the total HI is below 1E-+00, it is believed that no unaccepfélble effects will occur in the
exposed receptor from the COPC. If the total HI is above 1E+00, then unacceptable effects may
occur, with the likelihood and/or severity of effects tending to increase as the value of the HI
becomes larger.

Exposure of wildlife receptors for Riparian Areas for each COPC in each medium (surface
water, soil, sediment, and fish) within each exposure reach is based on the 95% upper confidence
limit (UCL) of the mean concentration or the maximum concentration, whichever is lower. The
95% UCL is calculated based on the assumption that concentration values within each reach are
distributed lognormally. Non-detects are evaluated by assuming a concentration value equal to
one-half the detection limit. For exposures related to ingestion of plants and soil invertebrates,
site-specific measurements of COPC concentrations in these food items are not available for the
Gilt Edge Mine site. COPC concentrations in plants and soil invertebrates are estimated based
on available equations that relate the soil concentration of the COPC to the concentration in food

type.

Exposures for wildlife to the Mine source area (the mine workings) is evaluated in the same
manner as risks for terrestrial receptors (plants and soil invertebrates) by sampling location.
COPC concentrations in plants are estimated in the same manner as for the Riparian areas.

Toxicity Assessment. Toxicity Reference Values (TRVS) for terrestrial wildlife (mammals and
birds) were derived by EPA for the calculation of Ecological ‘Soil Screening Levels (Eco-SSLs).
Using specific procedures for the Eco-SSLs, one mammalian and one avian TRV are derived and
expressed as mg contaminant per kg body weight. The TRV derivation procedures extract and
plot two different toxicity values. The first value is the exposure dose that is not associated with
any adverse effects to the test organism. This is referred to as the No Observed Adverse Effect
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Level (NOAEL). The second value is the reported exposure dose that causes an observable
adverse effect, and is referred to as the Lowest Observed Adverse Effect Level (LOAEL).
NOAEL and LOAEL values are grouped by six types of endpoints (biochemical, behavior,
pathology, reproduction, growth and mortality). The TRV value, in most cases, is equal to the
geometric mean of the NOAEL for growth and reproductive effects or the highest bounded
NOAEL lower than the lowest bounded LOAEL for growth, reproduction or survival. For
contaminants where Eco-SSL TRVs are not available, TRVs are derived from other literature
sources.

The TRVs for wildlife are expressed in units of ingested dose. However, the toxicity from an
ingested dose depends on how much of the ingested dose is actually absorbed, which in turn
depends on the properties of both the contaminant and the exposure medium. Ideally, toxicity
studies would be available that establish empiric TRVs for all site media of concern (water, food,
soil, sediment). However, most laboratory tests use either food or water as the exposure
medium, and essentially no studies use soil or sediment. Therefore, in cases where a TRV is
based on a study in which the oral absorption fraction is different that what would be expected
for a site medium, it is necessary to adjust the TRV to account for the difference in absorption.

The ratio of absorption from the study medium compared to absorption from site medium is
referred to as the relative bioavailability (RBA). For inorganic COPCs, available data on
cadmium and manganese suggest that absorption from the diet is about half that from water
(IRJS 2002). Based on this, when toxicity data for inorganic COPCs are available from studies
in food or water, but not both, the RBA for a contaminant in food compared to that for water or
other soluble forms {e.g., capsule) is assumed to be 0.5 (50%). That is:

TRV e = TRV * 0.50
TRvdiel = Tvaaler or capsule /0.50

In the absence of any site specific data, it is assumed that contaminants in soil and sediment are
absorbed to the same degree as contaminants in food. It is considered likely that this approach
may tend to overestimate exposure and risk from ingestion of soil, but this is not known for
certain.

Risk Calculations.

The total HIs for each wildlife receptor for each COPC within each exposure reach are
interpreted as follows:
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. Exposure recaches with HI values that are all less than or equal to one are classified as
having no risk.

. For exposure reaches where some HI values are greater than one but the HI values are
similar to those calculated for the reference reaches, the risks are identified as being
associated with reference conditions. Risks are not identified for these reaches.

. For exposure reaches where some HQ values are greater than one, potential risks are
identified and specific exposure pathway associated with the risks are discussed.

Inspection HI values for each surrogate species and each riparian exposure reach reveals the
following main conclusions:

* Risks are above a level of concern in Strawberry Creck for ingestion of aluminum in
surface water; incidental ingestion of arsenic, and lead in soil; ingestion of arsenic,
‘cadmium, lead, selenium, and thallium in soil invertebrates; and ingestion of antimony,
arsenic, lead, and thallium in plants. '

. Risks are above a level of concern in Ruby Gulch for ingestion of aluminum in surface
water; and ingestion of cadmium and chromium in soil invertebrates and antimony in
plants.

. Risks are below a level of concern in HooDoo Gulch for all wildlife receptors.

. Risks are above a level of concern in downstream Bear Butte Creek for ingestion of

antimony, and lead in plants; and ingestion of arsenic, cadmium, lead, and vanadium in
soil invertebrates.

Inspection of HQs for the mine source area reveals the following:

. Some location specific HQs for surface soil or fill material samples are within a level of
concern (> 1) for arsenic, manganese, selenium, vanadium, lead, and zinc. These HQs
are higher than those associated with the range of possible background seil
concentrations. Risks are associated with the ingestion of manganese, selenium,
vanadium, lead, and zinc in plants and the incidental ingestion of arsenic in the soil
and/or fill material.
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. Some location specific HQs for for antimony, chromium, molybdenum, and lead in waste
rock samples are within a level of concern (HQ >1) but are not within a level of concemn
for the other waste types (surface soil, soil, fill material). These HQs are higher than
those associated with the range of possible background soil concentrations. Risks are
associated with the ingestion of antimony, chromium and molybdenum in plants and the
incidental ingestion of antimony and lead in waste rock.

. HQs for all remaining COPCs for all samples and sample types are below a level of
concern. Either HQ values are all < 1 or the HQ values are less than HQ values a

background conditions.

Only one line of evidence is available to evaluate risks for wildlife. A summary of the risk
evaluation is provided in the following text table.

Weight of Evidence for Riparian Exposure Reaches

Line of Evidence

Findings

HI calculations based on COPC
concentrations measured in soil, water and
diet

For Strawberry Creek (Riparian area) risks are above a level of
concern for ingestion of aluminum in surface water; incidental
ingestion of arsenic and lead in soil; and ingestion of arsenic,
cadmium, lead, selenium, and thallium in soil invertebrates and
ingestion of antimony, arsenic, lead and thallium in plants,

For Ruby Gulch (Riparian area) risks are above a level of concern
for ingestion of aluminum in surface water; ingestion of cadmium
and chromium in soil invertebrates; and ingestion of antimony in
plants.

For Hoodoo Gulch (Riparian area) risks are above a level of
concern for incidental ingestion of aluminum in sediment,

For downstream Bear Butte Creek risks are above a level of
concern for ingestion of antimony and lead in plants; and ingestion
of arsenic, cadmium, lead, and vanadivm in soil invertebrates.
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Weight of Evidence for Riparian Exposure Reaches

Line of Evidence

Findings

HQ calculations based on COPC
concentrations measured in surface soil,
subsurface soil, fill material, waste rock,
and plants.

For the Mine Source Area, risks are above a level of concemn for
ingestion of manganese, seleniwm, vanadium, lead, and zinc in
plants and the incidental ingestion of arsenic in environmental
media (soil, surface soil, waste rock or fill material).

For the Mine Source Area, risks are above a level of concern for
exposures to waste rock (but not other waste material types) for
ingestion of antimony, chromium and molybdenum in plants
(growing on the waste rock) and the incidental ingestion of
antimony and lead in waste rock.

Based on this line of evidence, it is concluded that risks from site-related COPCs in surface
water and soil are of concern to wildlife receptors in the Riparian Area along Strawberry Creek,
Ruby Gulch and downstream Bear Butte Creek.
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1.0 INTRODUCTION
1.1 Purpose

This document is a baseline ecological risk assessment (ERA) for the Gilt Edge Mine located
southeast of Lead and Deadwood, South Dakota (Figure 1-1). The purpose of the ERA is to
describe the likelihood, nature, and extent of adverse effects to ecological receptors resulting
from exposure to contaminants released at the mine and to surrounding areas as a result of site
activities. This information, along with other relevant information, is used by risk managers to
make decisions whether remedial actions are needed to protect the environment. If remediation
is warranted, a separate investigation is performed to evaluate the relative merits of a range of
alternative remedial actions which might be undertaken to achieve the risk management goals
and reduce risks.

1.2 Approach

- This ERA is completed according to current United States Environmental Protection Agency

(USEPA) guidance for ecological risk assessments (USEPA 1992, 1997a, 1998). The general
sequence of steps used to complete an ERA for a Superfund site is illustrated in Figure 1-2
(USEPA 1997a). It is important to realize that the eight steps shown in Figure 1-2 are not
intended to represent a linear sequence of mandatory tasks. Rather, some tasks may proceed in

. parallel, some tasks may be performed in a phased or iterative fashion, and some tasks may be

judged to be unnecessary at certain sites.

For the Gilt Edge Mine site, the ERA process was initiated by performing a screening-level
ecological risk assessment (SERA) in Janvary of 2001 (USEPA 2001a). Because a SERA
normally uses a number of simplifying assumptions and approaches and is intentionaily
conservative, the SERA was not intended to support any final quantitative conclusions about the
magnitude of the potential ecological risks. Rather, the SERA provided preliminary information
on the potential for adverse effects to aquatic receptors (including benthic invertebrates and fish)
exposed via direct contact to chemicals of potential concern (COPCs) in surface water and
sediments, and to terrestrial wildlife receptors exposed via ingestion of surface water, sediments,
and fish. The SERA concluded that risks from site-related chemicals could not be excluded for
any of these ecological receptors, and identified data needed for the completion of a more
detailed evaluation.
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Following completion of the SERA, additional data collection efforts were conducted by the
USEPA to support a more detailed and thorough evaluation of ecological impacts at the site.
These efforts included collection of additional abiotic and biotic samples, site-specific sediment
and surface water toxicity testing, and an analysis of the aquatic habitat and benthic and fish
communities in potentially impacted surface waters. This report uses these new data along with
the historical data to provide an updated and refined ecological risk evaluation for the site.

1.3 Organization
In addition to this introduction, the ERA report is o'rganized into the following main sections.

Section 2 - This section presents the location, description, and environmental setting of
the Gilt Edge Mine site.

Section 3 - This section discusses the available data for the Gilt Edge Mine Site including
a description of the nature and extent of contamination present in surface water,
sediment, surface soils, and biological tissues

Section 4 - This section presents the ecological problem formulation, including a
summary of the SERA findings and conclusions, the site conceptual model, the
assessment and measurement endpoints, and a description of the basic methods used in
the assessment.

Section 5 - This section presents the ecological risk characterization for aquatic receptors
of concern, including fish and benthic macroinvertebrates,

Section 6 - This section presents the ecological risk characterization for terrestrial
receptors of concern, including plants and soil organisms.

Section 7 - This section presents the ecological risk characterization for wildlife receptors
of concern.

Section 8 - This section presents an analyses of uncertainties in the ecological risk
assessment :

Section 9 - This section provides references for the ecological risk assessment.
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20 SITE CHARACTERIZATION
2.1 Site Location

The Gilt Edge Mine is listed as CERCLIS Site # SDD987673985 and is also known as the
Strawberry Creek Tailing Piles and Brohm Gold Mine. The site is situated in the northemn Black
Hills of western South Dakota (SDDENR, 1999) near the town of Lead and Deadwood to the
west and Galena to the east (Figure 1-1).

2.2 Site Description

The Gilt Edge Mine is part of the Bear Butte Mining District, which has been the site of
numerous gold mining operations since the mid-1870’s (Brohm Mining Corp., 1988). The Gilt
Edge Mine is situated at an elevation between 5,200 and 5,600 feet. The mine is located at the
top of the Strawbemy Creek watershed. Historic mining operations in the Strawberry
Creck/Ruby Gulch drainages accounted for 210,776 tons of ore extracted to produce 41,200
ounces of gold (U.S. Department of Interior, Bureau of Mines (BOM), 1940). The mined ores
contained aquiferous limonite, which fill small fractures or impregnations of the decomposed
portion of a quartz-mensonite porphry. The limonite merges into pyrite and other sulfides,
including copper sulfide (BOM, 1940; URS, 1999a).

The property of the Gilt Edge Mines, Inc. is a consolidation of claims, including the Sunday,
Rattlesnake Jack, Golden Reward, Oro Fino groups, and others. Mining activities began at the
site in 1876, when the Gilt Edge and Dakota Maid claims were located. Historic underground
mining operations extracted sulfide-bearing gold ores from irregular deposits in veins and
fracture zones in the volcanic rocks. Some limited surface mining was also conducted at the site
(USDOI, 2000). Production of gold and silver, along with small amounts of copper, lead, and
zinc are reported. Underground mines include the Gilt Edge, Pyrite, Rattlesnake Jack, Hoodoo,
Union Hill, and Anchor. The Gilt Edge Mine Site including Anchor Hill encompasses
approximately 412 acres and includes the following features (Figure 2-1):

Sunday Pit. 29.5 acre inactive pit that is partially backfilled and partially reclaimed. In
1998, the pit contained approximately 57 million gallons of acid water (USEPA, 2000). .
The Sunday Pit has been excavated to depths extending below the water table in the
bedrock aquifer. Bottom grade of the Sunday Pit is at an approximately 5,275 feet. Pre-
mining water levels were at approximately 5,340 feet (Brohm Mining Corp., 1988).
Groundwater flow into the Sunday Pit is at 5,250 feet (Hydro Engineering, 1997).
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Dakota Maid Pit. A 17.1 acre inactive pit that is partially backfilled and partially
reclaimed. In 1998, the pit contained approximately 4 million gallons of acid water
(USEPA, 2000). The Dakota Maid Pit was excavated below the water table in the
bedrock aquifer. Historic underground workings are known to interconnect with the pit
and water levels in the pit area are influenced by these workings. Discharges from the
King Mine flow into Pond D. The King Adit controls the water level in the Dakota Maid
Pit at an elevation of 5,320 feet (Water Management Consultants, Inc., 1999). Brohm
began pumping water from the Dakota Maid Pit to the Sunday Pit on June 23, 1994
(Brohm Mining Corp., 1994). Their intention was to pump the pit as dry as possible to
eliminate the seep and minimize groundwater flow into the pit by attempting to seal the
old workings. Brohm was unable to reduce the water level low enough to seal the seep or
the sources of groundwater flow into the pit from the old workings (SDDENR, Minerals
and Mining Program, 1998, personal communication}.

Anchor Hill Pit. The Anchor Hill Pit located near the headwaters of Strawberry Creek is
a 23.6 acre pit mined as recently as 1997 (USEPA, 2000). The Anchor Hill Pit was
excavated to an elevation of 5,340 feet. Mining was performed in a partially oxidized
fracture zone which trends approximately N 30 degrees-40 degrees East, dipping 80 to 90
degrees quartz trachyte porphyry (Tqtp) (Water Management Consultants, Inc., 1999;
USDOI, 2000). Although a reiatively impervious rock mass surrounds the pit, the
permeability is unknown because the hydrology of the Deadwood Formation is not
completely understood. The basal quartzite may transmit groundwater into and out of the
pit area (USDOI, 2000),

Langley Pit. 8.1 acre pit mined by Brohm Mining Corp. in the first half of 1997. The
northern portion of the pit is partially backfilled and reclaimed (USEPA, 2000).

Ruby Gulch Waste Rock Dump. 59.1-acre area where Brohm Mining Corp. placed a
majority of the waste rock from Sunday, Dakota Maid, Langley, and Anchor Hill Pits,
and off-loaded spent ore (approximately 13.4 million tons of waste rock and spent ore)
(SDDENR, 1999). Ruby Repository is the main source of acid mine drainage (USEPA,
2000).

Heap Leach Pad. 37 acres loaded with spent ore (USEPA, 2000). From more recent
activities, the Gilt Edge Mine includes two heap leach pads, in addition to several ore
extraction pits. The Gilt Edge heap leach pad covers approximately 37 acres (28 acres
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from the original pad and 8 acres from the 1996 addition), with approximately 3.2 million
tons of spent ore. A six-acre expansion to this pad was started with grubbing and liner
placement in 1997, however, no ore was processed on the 1997 expansion pad
(SDDENR, 1999). The on/off leach pad is bermed to prevent surface runoff (Brohm
Mining Corp., 1988). The original, 28 acre pad is underlain by a multiple liner system.
The heap leaching operation involved loading crushed ore onto a single on-off leach pad
designed not to have discharge to surface or groundwater. The crushed ore was leached
with a weak sodium cyanide (barren) solutions, dissolving the gold out of the ore and
creating a pregnant (gold-bearing) solution. This solution flowed to the pregnant sump
and then to a clarifier, where organic contaminants were removed. From the clarifier, the
solution was pumped to de-aeration towers for oxygen removal. After the oxygen was
removed, the solution flowed to the process plant, where zinc replaced gold in the
solution and the gold precipitated out. The gold then went through a filter press and on to
be processed. Once the gold was recovered from the solution, the barren solution was
recharged with cyanide and pumped back to the leach pad for reuse (USEPA, 2000),

Relic Tailings. In December 1939, mill tailings were deposited in Strawberry Creek by
Gilt Edge Mines, Inc. at the request of residents of Galena and Sturgis in an effort to have
the tailings plug up limestone caverns in Bear Butte Creek to preserve stream flow
through the town of Galena (USDOI, 2000). The Gilt Edge Mine initially included two
piles of finely ground, abandoned mine tailings immediately adjacent to the upper
reaches of Strawberry Creek and there is some evidence that tailings were directly
released into Strawberry Creek (SDWNR, 1990; URS, 1999a). Some of the abandoned
mine tailings adjacent to Strawberry Creek were incorporated into the heap leach pad
(Durkin, 1994). The majority of the remaining relic tailings were removed from
Strawberry Creek and back-filled mine source area in 1993 and 1994 (SDDENR,
Minerals and Mining Program, 1994, personal communication).

Other Features. Other features include plant Buildings, Surge Pond, Neutralization
Pond, and Diatomaceous Earth Pond (DE Pond) totaling 14.5 acres (USEPA, 2000);
access, haulage and utility corridors totaling 150 acres {Brohm Mining Corp., 1995); and
land application area totaling 42 acres (Brohm Mining Corp., 1995); crusher and ore
Storage Area totaling 10.3 acres (USEPA, 2000) and fill material used for constructing
haul and access roads (USEPA, 2000).
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2.3  Site History

The general history of the Gilt Edge Mine Site is discussed in some detail in the SERA (USEPA,
2001a). Subsequent to this report other documents have been issued by EPA that provide
detailed information on the history of the mine and the current site conditions. As detailed
information is provided elsewhere, this ERA document does not duplicate this information. This
document is focused on the resultant ecological risks associated with the mine operations.
Instead table is provided that summarizes the history of the Gilt Edge Mine Site and is presented
in Table 2-1, The historical mine operation processes and current acid mine drainage treatment
(AMD) processes are depicted in Figures 2-2 and 2-3, respectively.

2.4 Environmental Setting

The Gilt Edge Mine Site is located in the North-Central Black Hills of South Dakota. The
topography is characterized by mountainous terrain with narrow valleys. Anchor Hill forms the
highest point on the north side of the site area at an elevation of 5,680 feet. An unnamed peak on
the east side of the site area is at an elevation of 5,650 feet. The lowest point is at an elevation of
4,880 feet, which is located at the confluence of Bear Butte Creek and Ruby Gulch. The
mountain slopes range from 6 to 60 percent and the soil permeability is classified as moderate,
averaging about four inches per hour (JMM, 1985).

The Gilt Edge Mine Site is located at the headwaters of drainages that flow to the north, east and
south (JMM, 1988). The primary drainage downstream of the Gilt Edge Mine Site is Bear Butte
Creek. Bear Butte Creek is a third-order tributary of the Belle Fourche River. Bear Butte Creek
flows within 0.5 mile of the eastern edge of the former mining permit boundary. Strawberry
Creek, Ruby Guilch and Butcher Gulch all flow into Bear Butte Creek

Surface water from the Gilt Edge Mine Site drains through three sub-basins into Bear Butte
Creek {OEA, 1998; USEPA, 1993c; SDDENR, 1999). Except during spring runoff, Bear Butte
Creek disappears into sinkholes in the Madison limestone approximately 2.5 miles below the
confluence with Ruby Gulch. The three main drainages pertinent to the Gilt Edge Mine site are:

. Ruby Gulch (0.07 miles?) - Ruby Gulch is a moderately steep mountain stream with a
gradient estimated to be approximately 0.074 ft/ft (JMM, 1988). Spent ore and waste
rock have been deposited at the head of Ruby Gulch, which drains into Bear Butte Creek.
These repositories are the primary source of AMD which is collected in a containment
pond and then pumped over to the Sunday Pit and Dakota Maid Pit. Surface water in the
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Ruby Gulch drainage is ephemeral in the upper reaches and intermittent in the lower
levels (JMM, 1988; SDDENR, 1999).

Strawberry Creek drainage (0.39 miles?®) - Strawberry Creek has its headwaters within the
site boundaries and flows approximately 2.1 miles to Bear Butte Creek. Above its
confluence with Bear Butte Creek, Strawberry Creek has an average discharge of 0.76
f*/s. Several areas within the Gilt Edge Mine Site have impacted this drainage (URS,
1999b). The stream channel downstream from the WWTF outfall is approximately 0.6
m (2 ft} in width and ranges to 25 cm (10 in.) in depth. Although the gradient is steep
and the water velocity generally fast, there are numerous pools and areas of slow flow
behind boulders and other obstructions. The stream substrate in the riffle areas consists
primarily of cobble to boulder sized particles and the substrate in the pools and quiet
arcas was hard packed sand. A white-grey precipitate covered the substrate throughout
the reach extending from the outfall to the Hoodoo Gulch (USEPA, 2002). Along the
streambanks and on the dry faces of rocks, the precipitate has hardened into a white
crusty deposit, whereas in the pools, the precipitate had accumulated into a gelatinous
floc-like material (USEPA, 2002). The alkalinity and total organic carbon (TOC)
content of the flocculent material is high (11,400 mg/kg and 31,200 mg/kg, respectively).

Hoodoo Gulich (0.05 miles?) - Hoodoo Gulch is located on the southeastern corner of the
site (Figure 2-1) and drains into Strawberry Creek. Runoff from the site into the portion
of Hoodoo Gulch was treated in a passive system that channeled flow into a basin
containing sodium hydroxide pellets (USEPA, 2002), Two settling ponds are located in
series downstream of the sodium hydroxide treatment basin. Both of these ponds are
approximately 7.5 m (25 ft) in diameter and are positioned on a terrace created by an
earthen berm on the downstream edge. The precipitate resulting from the elevated pH
settles in these ponds, and the clarified effluent flows down the gulch and enters
Strawberry Creek. Although the treatment efficiency of these ponds was a function of
discharge, contact time was typically high enough to raise the pH sufficiently to cause
significant dissolution of inorganic constituents, and to produce a hydroxide precipitate.
The hydroxide precipitate was observed in September of 2000 but not in October of 2001
(USEPA, 2002). As part of the maintenance of the treatment system, the ponds were
periodically drained, and the sludge was removed (USEPA, 2002). It is also reported that
mine tailings were historically disposed of in Hoodoo Gulch (Brohm Mining Corp.,
1998b).
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For the purposes of this assessment, reference locations represent upgradient (upstream)
concentrations of metals; those concentrations that do not represent contamination from the site.
However, these locations are not assumed to be pristine. For this assessment, four drainages are
used as reference:

. Butcher Gulch - It is reported that no Gilt Edge Mining activities have affected this
drainage, although historical activities (pre-Brohm) may have impacted this area. This
drainage is used as a reference for Strawberry Creek. This drainage was also used by
URS in the Site Inspection (SI) as a reference (URS, 1999b).

. Upstream Bear Butte Creek - The area upstream of the confluence with Strawberry Creek
18 used in this assessment as a reference for the portion of Bear Butte Creek downstream
of the confluence. This drainage was also used by URS in the Site Inspection (SI) as a
reference (URS, 1999b).

. Boomer Guich - Boomer Gulch is a small perennial tributary with a one-square mile
watershed. This tributary enters Strawberry Creek about 0.25 mile upstream of Bear
Butte Creek. This tributary is used as a reference for Strawberry Creek.

. Two Bit Creek - Two Bit Creek flows in a northern direction until it reaches the
confluence of Boulder Creek, which then flows in an eastern direction until it reaches the
confluence of Bear Butte Creek, downgradient of Galena near Boulder Park. A portion
of Two Bit Creek is used as a reference for Strawberry Creek.
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3.0 NATURE AND EXTENT OF CONTAMINATION

Several investigations of the Gilt Edge Mine Site were completed prior to and subsequent to the
SERA. The SERA identified the presence of a number of contaminants of potential concern in
site soil, sediment, groundwater, and surface water. In the SERA, the USEPA reviewed the
adequacy of the available data to support reliable ecological risk evaluations, and identified
several data gaps. The USEPA recommended additional sampling and analysis of environmental
media needed to support risk assessment at site-related locations based on the results of a
scoping meeting and a site visit conducted August 8 to 9, 2000. A field investigation was
conducted in September 2000. A second field investigation was completed in October 2001 to
document possible changes in water and sediment chemistry and toxicity, and the benthic
macroinvertebrate community resulting from changes in the waste water treatment plant. A
report issued in April of 2000 summarizes the data collection and results for both the September
2000 and October 2001 field investigations (USEPA, 2002).

For the purposes of this assessment, the available data for the Gilt Edge Mine site are divided
into two conceptual categories: Mine Source Area and Riparian Area. Mine source area refers to
data collected within the boundaries of the mine site and workings while Riparian Area refers to
data collected in surface water drainages (surface water, sediment, soil and biological tissue)
outside of the boundary of the mine site and workings. All samples from Strawberry Creek,
Hoodoo Gulch and Ruby Gulch are considered to be “Riparian Area”.

The USEPA has compiled a master database of all results with the assistance of CDM Federal.
The ERA uses a subset of data from this master database (as of the date of this document) with
some additions and modifications. Additions to the database included the creation of new
labels (columns) to assist with groupings of data necessary for the risk assessment and the
addition of data from USEPA (2002a) added for October 2001 sampling event. Data was
modified to reflect consistent units of measure (conversions were made where necessary). Data
were excluded from use in the ERA in the following cases:

. Data rejected and flagged with an “R” qualifier
. Data from “Brohm.dbf” as results appear to be duplicate entries and cannot be
verified from an original source
. Data where Mine Source Area or Riparian Area exposure reach determinations
cannot be made
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3.1 Riparian Areas

3.1.1  Surface Water Data

For the purposes of this assessment, areas of potential ecological exposure are divided into a
number of reaches, including several locations that are not believed to be impacted by site-
related releases and that serve as reference areas. These reaches and reference areas are listed
below and are shown in Figure 3-1.

Exposure Reaches for Surface Water

Designation

confluence with Strawberry Creek

Reach Description

Strawberry Creek Strawberry Creek and surrounding areas | Site

Ruby Gulch Ruby Gulch and surrounding areas Site

Hocdoe Gulch Hoodoo Gulch and surrounding areas. Site
tt k d tre f

Downstream Bear Butte Creek Bear Butte Creek downstream o Site

Upstream Bear Butte Creek

Bear Butte Creek upstream of confluence

Reference for Bear Butte

with Strawberry Creek Creek
Reference
Boomer Gulch Boomer Gulch and surrounding areas. eference for Strawberry
Creek
' : Reft for Strawb
Butcher Gulch Butcher Gulch and surrounding areas. eletence for Srawberry
Creek
Two Bit Creek Two Bit preek {Anchor Gulch) and Reference for Strawberry
surrounding areas. Creek

Surface water sampling stations grouped by reaches are summarized in Table 3-1. Figure 3-2
provides a map of the sampling locations. Appendix A provides summary statistics (detection
frequency, average, minimum, maximum) for each analyte in each medium in each reach.

3.1.2 Sediment Data

For the purposes of this assessment, the sediment data are divided into the same reaches as

described in Section 3.1.2 for the surface water data. The sediment sampling stations grouped by

reach are summarized in Table 3-2. Figure 3-2 provides a map of the sampling locations.
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Appendix A provides summary statistics (detection frequency, average, minimum, maximum})
for each analyte in sediment in each reach.

3.1.3 _ Soil Data

For the purposes of this assessment, the soils data are divided into the same reaches as described
in Section 3.1.2 for the surface water data and Section 3.1.3 for the sediment data. The soil
sampling stations grouped by reach are summarized in Table 3-3. Appendix A provides
suminary statistics (detection frequency, average, minimum, maximum) for each analyte in soil
in each reach. The soils data for the Riparian Area area are limited to those collected in January
of 2001 by EPA (2001b) (Figure 3-3).

3.1.4 Biological Tissue Data

Fish tissue data are available for Strawberry Creek, upstream Bear Butte Creek (reference),
downstream Bear Butte Creek, and Boomer Gulch (reference) from one investigation completed
in September of 2000 (USEPA, 2002b). These sample were collected by the South Dakota
Game, Fish and Parks Commission (SDGFPC) using multiple pass removal by electrofishing.
The SDGFPC conducted community sampling at ten locations (Figure 3-4). EPA retained a
subsample of fish from the September 2000 collection effort for tissue analysis (USEPA, 2002b).
Whole fish were composited by species to obtain the necessary sample volume. Three replicates
(composites or individuals, as appropriate) were collected per location. Fish were only analyzed
if three replicates were collected. A summary of the fish tissue samples collected is provided as
Table 3-4. Fish tissue was analyzed for TAL metals, cyanide, percent lipids, and percent
moisture. Appendix A-4 provides summary statistics (detection frequency, average, minimum,
maximum) for each analyte in whole body fish tissue in each reach.

3.2 Mine source area Data

3.2.1 Surface Water

Surface water is present within the mine source area area as standing water in the mine working
pits, ponds, and culverts. In this assessment, it is necessary to understand risks associated with a
possible release of mine source arca waters untreated (without going through the wastewater
treatment plant) to Riparian Area surface waters. The surface water sampling stations used to
evaluate risks for the Mine Source are summarized in Table 3-5. Appendix A-5 provides
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summary statistics (detection frequency, average, minimum, maximum) for each analyte in mine
source area surface water.

3.2.2 _Soil and Other Materials

Surface material within the mine source area area is composed of fill material, waste rock and
some soil (surface and subsurface). The material most recently present within the Mine Source
area has been characterized as the result of four separate investigations:

URS (1999) Site Inspection Data. The Site Inspection (SI) completed for the Gilt Edge
Mine Site in 1999 included collection of seven soil samples within the mine source area
area (URS, 1999). The resuits for each sampling location are used in this assessment to
evaluate risks.

Robertson Geoconsuitants Waste Rock Study. A survey of waste rock was completed by
Robertson GeoConsultants in 2000 (Robertson GeoConsultants, 2000). This survey was
completed to identify current (ARD) sources and to identify any material that could be
used for construction and cover purposes. Samples were collected at 14 different areas as
summarized in Table 3-6 and were analyzed for metal content. The results for each
sampling-location (depicted on Figure 3-5) are used in this assessment to evaluate risks.

Site-Wide Soil and Vegetation Investigation. An investigation was completed in October
of 2001 to determine surface and subsurface physical and chemical characteristics of
topsoil resources at the site USEPA (2001b) . This study is referred to as the “Site-Wide
Soil and Vegetation Investigation”. A total of 52 soil samples were collected for eight
soil stockpiles and 3 cover soil areas located within the mine site boundary (Table 3-6
and Figure 3-6). The samples were analyzed for TAL list metals and total cyanide. The
data for soil samples within each soil stockpile area and cover soil area (depicted on
Figure 3-6) are used in this assessment to evaluate risks.

Site-Wide Fill Material Investigation. An investigation was completed in the fall of 2001
to characterize 14 zones of fill material for the purpose of determining remedial
alternatives (USEPA, 2002b). This study is referred to as the “Site-Wide Fill Material
Investigation”. The fill material zones represent overburden rock and soil that was used
as fill to build mine process foundations, embankments, and site roads. Two test pit
samples (vertical composites of sub-
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samples collected at 4-foot depth intervals) were collected from each fill material location as
shown on Figure 3-7. These samples were analyzed for TAL metals. The data for soil samples
within each fill material zone (depicted on Figure 3-7) are used in this assessment to evaluate
risks.

Human Health Risk Assessment Support Study. As part of the Site-Wide Fill Material
Investigation, surface soil samples (0 to 2") in depth were collected from each of thel4
fill material zones (Figure 3-7). In each fill material zone, five grab samples in the
vicimity of the test pit (sample locations are shown as green circles in Figure 3-7) were
collected, composited, sieved, and analyzed for TAL metals. The data for soil samples
within each fill material zone are used in this assessment to evaluate risks (USEPA,
2002¢).
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4.0 PROBLEM FORMULATION

Problem formulation is a systematic planning step that identifies the major concerns and issues
to be considered in the ERA, and a description of the basic approach that will be used to
characterize the potential risks that may exist (USEPA 1997a). Problem formulation usually
begins by development of a conceptual site model that identifies sources of chemical release to
the environment, evaluates the fate and transport of chemicals in the environment, and identifies
exposure pathways of potential concem for ecological receptors. Based on the conceptual site
model, assessment endpoints, measurement endpoints, and testable hypotheses are identified that
form the basis of the ERA.

As discussed in USEPA gumdance (USEPA 1997a), problem formulation is an iterative process,
undergoing refinement as new information and findings become available. The problem
formulation for this baseline ecological risk assessment began with a SERA that was completed
for the site in March 2001 (USEPA 2001a). The purpose of the SERA was to determine if there
was a need for additional data collection and/or additional risk assessment at the site, and to help
focus any additional effort on the main issues of concemn. Because a SERA is intentionally
simplistic and conservative, it is not intended to support any final quantitative conclusions about
the magnitude of the potential ecological risks identified. The following section summarizes the
main findings of the SERA, which in turn helped define the problem formulation for the baseline
risk assessment.

4.1 Screening-Level ERA Summary

Ecological Receptors of Potential Concern

Ecological receptors evaluated in the SERA included terrestrial wildlife receptors (mammals and
birds) and aquatic species (fish and benthic macroinvertebrates) in the Bear Butte Creek,
Strawberry Creek, Ruby Gulch, Hoodoo Gulch, Butcher Guich, and Boomer Gulch.

Exposure Pathways Evaluated

Exposure pathways that were quantitatively evaluated in the SERA included:

. Direct contact of aquatic receptors with surface water
. Direct contact of benthic macroinvertebrates with sediment
’ Ingestion of surface water by terrestrial wildlife (mammals and birds)
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. Incidental ingestion of sediment by terrestrial wildlife (mammals and birds)
. Ingestion of fish by terrestrial wildlife (mammals and birds)

Exposure Pathways that could not be Evaluated in the SERA

Exposure pathways that could not be quantitatively evaluated in the SERA included:

. Incidental ingestion of soil by terrestrial wildlife (mammals and birds)

. Ingestion of plants and soil invertebrates by terrestrial wildlife (mammals and
birds)

. Direct contact of terrestrial receptors (plants and soil invertebrates) with soil

Summary of Screening-Level Risk Findings

Based on the preliminary risk characterization in the SERA, none of the exposure pathways
considered in the SERA could be excluded, and further evaluation was recommended for all
exposure pathways. However, in many cases, the avatlable information on the nature and extent
of contamination was limited, and the SERA identified a number of data arecas where additional
information was needed to help improve the reliability and accuracy of the risk assessment.
These data gaps were considered in the development of the sampling completed by EPA in
September of 2000 and October of 2001 (USEPA, 2001a).

4.2 Baseline ERA Site Conceptual Model

Figure 4-1 presents the site conceptual model (SCM) for the baseline ecological risk assessment.
Because no pathways could be excluded as a result of the SERA, this site model is very similar
to the site model that was developed for the SERA. One difference in the models (between
SERA and baseline) is the distinction between interrupted and non-interrupted flow from the
sources to secondary source media. This is further discussed in the following section

4.2.1 ources

The first portion of the SCM identifies the sources for potential transport and release and
migration pathways of contaminants from original source to secondary source media (soil, dust,
surface soil, sediment, surface water and groundwater). Several source media related to mine
operations are or could contribute to contamination to the surrounding environment. A brief
general description of the sources is provided in the following paragraphs:.
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Relic or Historic Tailings. Historically tailings were deposited into the Strawberry Creek
and Hoodoo Gulch drainages (Brohm Mining Corp., 1998b). Mine tailings were
deposited in Strawberry Creek by Gilt Edge Mines, Inc., at the request of residents of
Galena and Sturgis, in an effort to have the tailings plug up limestone caverns in Bear
Butte Creek to preserve stream flow through the town of Galena. A majority of the
tailings in Strawberry Creek were removed in 1993 as previously described in Section 2.
The remaining tailings in Strawberry Creek and tailings in Hoodoo Gulch could be a
source of contamination for soils within the floodplain as well as surface water and
sediments within these drainages.

Waste Rock and Crushed Ore. Approximately 13.4 million tons of waste rock and spent
ore were deposited in the headwaters of Ruby Gulch (Brohm Mining Corp., 1998b). This
material contained sulfide mineralization (Brohm Mining Corp., 1994, 1998b) and
contributed AMD to the downgradient drainages. The Ruby Waste Rock repository has
recently been remediated and reclaimed. A leachate detection system is currently in
place.

Heap Leach Pad. The Heap Leach Pad is a source of AMD to groundwater and
drainages and was a historical source of cyanide.

Acidic Waste Fill Material. Several of the haul roads and plant areas are built on fill
composed of acidic waste. This material is a source of contamination for groundwater
and surface soil in areas where it was not covered. Several efforts have been completed
to map these areas and to characterize the nature of the fill material.

Underground Mine Workings. Discharges from underground mine workings may
contribute to contamination in groundwater or any of the surface drainages. For example,
drainage from the King Mine flows into Pond D and the King Adit controls the water
level in the Dakota Maid Pit (Water Management Consultants, Inc., 1999).

Containment Pond An AMD collection pond was constructed downstream from of the
Ruby Guich waste rock repository within the Ruby Gulch drainage. The AMD in the
containment pond was pumped to the Dakota Maid and Sunday Pits (Brohm Mining
Corp, 1998a).

Ore Pits (Langley, Dakota Maid,_Sunday, Anchor Hill). Water is pumped from the
Dakota Maid Pit to the Sunday Pit (Brohm Mining Corp., 1994, personal
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communication). Water from the Sunday Pit is pumped through the co-precipitation
water treatment plant and discharged under a Surface Water NPDES Permit. There were
numerous violations of the permitted discharge limits. Prior to January 1996, the
resulting sludge from the wastewater treatment was pumped back into the Sunday Pit.
The sludge was then pumped at a rate of 50 to 60 gallons per minute to unlined shallow
trenches on top of the waste rock dump where the sludge migrated from the unlined
trenches to the toe of the Ruby Gulch waste dump. The Ruby Gulch waste duinp has
subsequently been closed and capped. An AMD detection and collection system has also
been installed. The Anchor Hill Pit is located near the headwaters of Strawberry Creek
The AMD contained in the pits is a source of contamination for groundwater and the
drainages of Ruby Gulch, Strawberry Creek, and Hoodoo Gulch which ultimately drain
to Bear Butte Creck. The studge(s) disposed of at the waste rock dump was a potential
source of groundwater and soil contamination and may have contributed contamination to
the Ruby Gulch drainage.

Turbo Misters. As part of process for removing the water from the pits, turbo misters

were operated near the Sunday Pit which sprayed water from the pit on surrounding land.
The use of these misters may have transported metal contaminants onto surface soils.

4.2.2 Release Mechanisms and Secondary Source Media

The potential release of contaminants from the identified sources can be classified into four
types: wind erosion, interrupted flow, uninterrupted flow, and leaching. These release
mechanisms may result in the contamination of suspended soil or dust, surface soil, sediment,
surface water or groundwater which are also referred to as secondary source media.

Wind Erosion

Source material may be eroded by wind resulting in suspended dust or soil that may be inhaled
or may also result in the further contamination of soils as the suspended materials are deposited.

Interrupted Flow

Interrupted flow refers to the interception and treatment of acid mine drainage.' There are two
types of interrupted flow at the Gilt Edge Mine site including the release of treated effluent from
a wastewater treatment plant into Strawberry Creek and the instream treatment of surface water
with sodium hydroxide in Hoodoo Gulch.
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Prior to 2002, acid mine drainage (AMD) from the Dakota Maid and Sunday Pits was treated in
a sodium hydroxide precipitation wastewater treatment plant (WWTP) located near the top of
Ruby Gulch and the effluent discharged directly to the headwaters of Strawberry Creek (Station
001 on Figure 3-2). Over the past 2 years, several studies were completed to evaluate the
effectiveness of the treatment plant. As a result of the investigations, the WWTP is currently (as
of the date of this report) being physically changed to a lime amendment process. The direct
discharge of WWTP effluent to the headwaters of Strawberry Creek resulted in metals
contamination of the surface water and sediments. In September of 2000, a white-grey
precipitate was observed on the bottom substrate of Strawberry Creek throughout the reach
extending from the outfall downstream to the confluence with Hoodoo Gulch (USEPA, 2002a).
Along the streambanks and on the dry faces of rocks, the precipitate has hardened into a white
crusty deposit, whereas in the pools, the precipitate had accumulated into a gelatinous floc-like
material (USEPA, 2002a).

Runoff from the mine site into Hoodoo Gulch is treated in a passive system that channeled flow
into a basin containing sodium hydroxide pellets (USEPA, 2002a). Two settling ponds are
located in a series downstream of the sodium hydroxide treatment basin. The precipitate
resulting from the elevated pH settles in these ponds, and the clarified effluent flows downstream
to Strawberry Creek (USEPA, 2002a).

Uninterrupted Flow

Uninterrupted flow refers to the release of contaminants from the sources that is not intercepted
by any treatment system. Uninterrupted flow includes the release of contaminants from sources
by seepage, run-off, or direct discharge (turbo misters) to surface water, sediment and surface
soil.

Leaching

The leaching of contaminants from sources may result in the contamination of groundwater
which then can be discharged to surface water,

4.2.3 Exposure Pathways and Receptors

Receptors identified for this assessment include aquatic receptors (fish and benthic
macroinvertebrates), terrestrial receptors {plants and soil invertebrates), and wildlife receptors
(avian and mammalian). These receptors may be potentially exposed to contaminants via one or
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more exposure media (Figure 4-1), including surface water, sediment, aquatic food items,
surface soil, and terrestrial food items.

As indicated in the SCM, although there are a number of complete exposure pathways by which
ecological receptors may come into contact with site-related contaminants, not all exposure
pathways are likely to be of equal concern. For the purposes of this risk assessment, each
complete exposure pathway has been classified as follows: '

. The pathway is considered to be of potential concern, and sufficient data exist to
support a quantitative risk evaluation. These cases are indicated by boxes
containing a solid circle ( ® ). These pathways are the primary focus of this risk
assessment,

. The pathway is considered to be of potential concern, but available data are too
limited to support a reliable quantitative risk evaluation. These cases are shown
by boxes with an open circle ( O).

. The risk posed by the pathway is likely to be minor, either on an absolute basis
and/or in comparison to other exposure pathways that affect the same receptor.
These cases are indicated by boxes with an “X”. Because these pathways are
judged to be of minor concern, they are not evaluated quantitatively in the ERA.

. The pathway is considered to be incomplete. These cases are shown by empty,
open boxes.

- The following identifies which pathways are of chief concem at the Gilt Edge Mine site and are
selected for quantitative evaluation.

Aquatic Receptors
. The main pathway of exposure for all aquatic receptors is direct contact with
surface water. This pathway is evaluated quantitatively for fish and benthic
macroinvertebrates.
. Direct contact with sediment is a potentially significant pathway for benthic

macroinvertebrates. Data are available to allow an assessment of risks from direct
contact with sediment and porewater, and these pathways are evaluated
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quantitatively. Fish have much less direct contact with sediment, and exposure of
fish to this medium is considered minor or negligible.

Ingestion of aquatic food web items is a pathway of potential concern for fish and
benthic invertebrates. Likewise, incidental ingestion of sediment by these
receptors might occur in some cases. Quantitative evaluation of oral exposure for
aquatic receptors is limited by lack of oral toxicity values for aquatic receptors, so
ingestion exposures are evaluated qualitatively rather than quantitatively for fish
and benthic macroinvertebrates.

Terrestrial Plants and Soil Invertebrates

The primary exposure pathway for both terrestrial plants and soil invertebrates is
direct contact with contaminated soils. This pathway is evaluated quantitatively
for both receptors. For soil invertebrates, this evaluation includes both direct
contact and soil ingestion.

Wildlife Receptors

Wildlife receptors (birds, mammals) may be exposed by ingestion of surface
water, and this pathway is evaluated quantitatively.

Wildlife receptors (birds, mammals) may be exposed by ingestion of food web
items (either from the terrestrial environment and/or from the aquatic
environment). Data are available on the tissue levels of contaminants in fish and
risks to wildlife from ingestion of fish are evaluvated quantitatively. Data are not
available on the tissue levels of site-related chemicals in other types of food web
items (e.g., benthic invertebrates, plants, and soil invertebrates). Exposures
related to ingestion of these food items is estimated based on either simple
assumptions or bioaccumulation models.

Wildlife receptors may ingest soil or sediment during feeding, especially for soil-
or sediment-dwelling prey items. This pathway can be important in some cases
and is valuated quantitatively.

Direct contact (i.e., dermal exposure) of wildlife receptors to soils, sediments, and
surface water may occur in some cases, but these exposures are judged to be
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minor in comparison to risks from ingestion exposure, and one not evaluated
quantitatively.

. Inhalation exposure to airborne dusts is possible for all terrestrial receptors.
However, this pathway is generally very minor, and is not evaluated
quantitatively.

Selection of Wildlife Indicator Species

It is not feasible to evaluate exposures and risks for each avian and mammalian species
potentially present at the site. For this reason, specific wildlife species are identified as
surrogates (representative species) for the purpose of estimating exposure and risk. The
surrogate species are wildlife species present at the site that are representative of other species
with similar dietary preferences and feeding guilds. Selection criteria for wildlife surrogate
species include trophic level, feeding habits, and the availability of life history information. The
species identified as surrogate species at this site include: '

Masked shrew (Sorex cinereus). The masked shrew represents mammalian insectivorous
species that feed primarily on soil invertebrates.

American robin (Turdus migratorius). The American robin represents avian
insectivorous passerine species that feed primarily on soil invertebrates.

Belted kingfisher (Ceryle alcyon). The belted kingfisher represents piscivorus avian
species that feed primarily on fish.

Mink (Mustela vison). The mink represents semi-aquatic mammalian species that feed
primarily on fish. '

Deer Mouse (Peromyscus maniculatus). The deer mouse represents omnivorous

mammalian species that feed on plants and seeds and soil invertebrates.

Bobwhite Quail (Galliformes phasiadinae). The bobwhite quail represents avian species

that feed primarily on plants and seeds.

Exposure profiles are presented for each of these representative species in Appendix B.
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4.3 Management Goals

Management goals are descriptions of the basic objectives which the risk manager at a site
wishes to achieve. The overall management goal identified for ecological health at the Gilt Edge
Mine site as first described in the SERA is as follows (USEPA 2001a):

Ensure adequate protection of ecological systems within the impacted areas of the Gilt
Edge Mine Site by protecting them from the deleterious effects of acute and chronic
exposures o site-related contaminants of potential concern.

"Adequate protection" is generally defined as protection of growth, reproduction, and survival of
local populations. That is, the focus is on ensuring sustainability of the local population, rather
than on protection of every individual in the population.

In order to provide greater specificity regarding this general goal and to identify specific
measurable ecological values to be protected, the following list of sub-goals was derived:

. Ensure adequate protection of terrestrial plant communities, including native plant
communities, by protecting them from the deleterious effects of acute and chronic
exposures to site-related contaminants of potential concern.

. Ensure adequate protection of aquatic life in Strawberry Creek and Bear Butte
Creek from the deleterious effects of acute and chronic exposures to site-related
contaminants of potential concern.

. Ensure adequate protection of terrestrial mammal and bird populations by
protecting them from the deleterious effects of acute and chronic exposures to
site-related contaminants of potential concern.

. Ensure adequate protection of threatened and endangered species (including
candidate species) and species of special concern and their habitat by protecting
them from the deleterious effects of acute and chronic exposures to site-related
contaminants of potential concern.
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" 4.4 Assessment and Measurement Endpoints

Assessment endpoints are explicit statements of the characteristics of the ecological system that
are to be protected. Assessment endpoints are either measured directly or are evaluated through
indirect measures. Measurement endpoints represent quantifiable ecological characteristics that
can be measured, interpreted, and related to the valued ecological components chosen as the
assessment endpoints (USEPA 1992, 1997a).

Table 4-1 presents the assessment and measurement endpoints used to interpret potential
ecological risks for the Gilt Edge Mine site. These measurement endpoints can be divided into
three basic categortes of approach, as follows:

. Hazard Quétients (HQs)

. Site-specific toxicity tests {SSTTs)

. Observations of population and community demographics (Pop/Comm. Dem.)
Each of these three basic approaches is described below.
Method 1: Hazard Quotients
Basic Equation

A Hazard Quotient (HQ) is the ratio of the estimated exposure of a receptor to a "benchmark”
that is believed to be without significant risk of unacceptable adverse effect:

HQ = Exposure / Benchmark

Exposure may be expressed in a variety of ways, including:

. Concentration in of a COPC in an environmental medium (water, sediment, and
soil) ' '

’ Concentration of a COPC in the tissues of an exposed receptor

. Amount of a COPC ingested.by a receptor

In all cases, the exposure and benchmark must be expressed in like units. For example, exposure
to silver in surface water (mg/L) must be compared to a silver benchmark in mg/L and an
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exposure to cadmium in muscle tissue (mg/kg) must be compared to a benchmark for muscle

tissue (mg/kg).
Interpretation of HQ Values

If the value of an HQ is less than or equal to 1E+00, risk of unacceptable adverse effects in the
exposed individual is judged to be acceptable. If the HQ exceeds 1E+00, the risk of adverse
effect in the exposed individual is of potential concern. When interpreting HQ resulits for
ecological receptors, it is important to remember that the assessment endpoint is usually based
on the sustainability of exposed populations, and risks to some individuals in a population may
be acceptable if the population is expected to remain healthy and stable. It may be more
appropriate to characterize risks by quantifying the fraction of individuals that have HQ values
greater than 1E+00, and by the magnitude of the exceedences. Clearly, if all HQs for individuals
are below 1E+00, it is believed that no unacceptable effects will occur in the exposed population,
Conversely, if many or all of the individual receptors have HQs that are above 1E+00, then
unacceptable effects on the exposed population are likely, especially if the HQ values are large.
If only a small portion of the exposed population has HQ values that exceed 1E+00, some
individuals may be impacted, but population-level effects may not occur.

It is, however, difficult to identify the specific fraction (or fractions for specific endpoints,
receptors and exposure pathways) of individuals that would need to be affected before the
population is adversely affected. The fraction of the population that must have HQ values below
a value of 1E+00 in order for the population to remain stable depends on the species being
evaluated and on the toxicological endpoint underlying the toxicity benchmark (USEPA 2001d).
Reliable characterization of the impact of a chemical stressor on an exposed population requires
knowledge of the population size, birth rates, and death rates, as well as immigration and
emigration rates. Because this type of detailed knowledge of site-specific population dynamics
is generally not avatlable, extrapolation from a distribution of individual risks to a
characterization of population-level risks is generally uncertain and not possible.

To assist in interpreting HQ values, the HQ results are classified by the fraction of values that
exceed 1E+00. This concept is illustrated schematically in Figure 4-2. The classification of
risks is used to interpret the risk characterization results to allow for comparison of results across
exposure reaches, to reference reaches and background conditions (reference reaches are used
for the aquatic portion of the assessment as described in Sections 2 and 3 while background
concentrations are used to interpret soils data). These relative risk results are intended to aide in
the identification and selection of remedial action objectives. Based on this approach, risks to
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receptors residing in an exposure reach are classified into one of five categories, as shown

below.
Classification of Risks based on HQ Values
Risk Prelimina Risk '
Distribution of HQ) values | Category ary Category Preliminary Conclusion
Conclusion .
(Acute) {Chronic) :

ANHQ values are less than None Risks are not present None Risks are not present
orequal to 1
Less than 20% of the HQs Moderate | Risks to the receptor Minimal | Risks to the receptor group
values are greater than group within this within this exposure reach are
1E+00 exposure reach are possible but considered

considered to be minimal

moderate.
21% to 50% of the HQs High Risks to the receptor | Moderate | Risks to the receptor group
values are greater than group within this within this exposure reach are
T1E+00 exposute reach are considered to be moderate.

considered to be

high.
51% to 99% of the HQ Severe Risks to the receptor | High Risks to the receptor group
values are greater than group within this within this exposure reach are
1EH00 exposure reach are considered to be high.

considered to be

severe.
100% of the HQ values are Severe Risks to the receptor | Severe Risks to the receptor group
greater than 1E4+00. group within this within this exposure reach are

exposure reach are
considered to be
severe.

considered to be severe.

In most cases, HQ values are not based on site-specific toxicity data, and do not account for
site-specific factors that may either increase or decrease the toxicity of the metals compared to
what is observed in the laboratory. Consequently, most HQ values should be interpreted as
estimates rather than highly precise predictions and should be viewed as part of the

weight-of-evidence along with the results of site-specific toxicity testing and direct observations

on the structure and function of the aquatic community (see below).

Method 2: Site-Specific Toxicity Tests

Site-specific toxicity tests measure the response of receptors that are exposed to site media. This

may be done either in the field or in the laboratory using media collected on the site. The chief

Baseline Ecological Risk Assessment for the Gilt Edge Mine, November 2003

4-12



E 3
4 b 3 .

Il E

advantage of this approach is that site-specific conditions which can influence toxicity are
usually accounted for. A potential disadvantage is that, if toxic effects are observed to occur
when test organisms are exposed to site media, it is usually not possible to specify which
contaminant or combination of contaminants is responsible for the effect. Rather, the results of
the toxicity testing reflect the combined effect of the mixture of contaminants present in the site
medium. In addition, it is often difficult to test the full range of environmental conditions which
may occur at the site across time and space, either in the field or in the laboratory, so these
studies are not always adequate to identify the boundary between exposures that are acceptable
and those that are not.

Method 3: Population and Community Demographic Observations

A third approach for evaluating impacts of environmental contamination on ecological receptors
is to make direct observations on the receptors in the field, seeking to determine whether any
receptor population has unusual numbers of individuals (either lower or higher than expected), or
whether the diversity (number of different species) of a particular category of receptors {e.g.,
plants, benthic organisms, birds) is different than expected. The chief advantage of this
approach is that direct observation of community status does not require making the numerous
assumptions and estimates needed in the HQ approach. However, there are also a number of
important limitations to this approach. The most important of these is that both the abundance
and diversity of an ecological population depend on many site-specific factors (habitat
suitability, availability of food, predator pressure, natural population cycles, meteorological
conditions, etc.), and it is often difficult to know what the expected (non-impacted) abundance
and diversity of an ecological population should be in a particular area. This problem is generally
approached by seeking an appropriate "reference area” (either the site itself before the impact
occurred, or some similar site that has not been impacted), and comparing the observed
abundance and diversity in the reference area to that for the site. However, it is sometimes quite
difficult to locate reference areas that are truly a good match for all of the important habitat
variables at the site, so comparisons based on this approach do not always establish firm
cause-and-effect conclusions regarding the impact of environmental contamination on a receptor
population.

4.5 Weight of Evidence Evaluation
As noted above, each of the measurement endpoints has advantages but also has limitations. For

this reason, conclusions based on only one method of evaluation may be misleading. Therefore,
the best approach for deriving reliable conclusions is to combine the findings across all of the
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methods for which data are available, taking the relative strengths and weaknesses of each
method into account, If the methods all yield similar conclusions, confidence in the conclusion
is greatly increased. If different methods yield different conclusions, then a careful review must
be performed to identify the basis of the discrepancy, and to decide which approach provides the
most reliable information.
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5.0 RISKS TO AQUATIC RECEPTORS

5.1 Hazard Quotient Approach

As discussed in Section 4.3, site-related contaminants are of potential concern in Strawberry
Creek, Bear Butte Creek, Hoodoo Gulch, and Ruby Gulch. Aquatic receptors living in these
waters may be exposed to contaminants through several exposure pathways. Based on the site
conceptual model (Figure 4-1), the following exposure pathways are quantitatively evaluated
using the HQ approach: ‘

. Direct contact with contaminants dissolved and/or suspended in surface water.
This pathway is most applicable to fish, but is also applicable to benthic
organisms that reside in the uppermost portion of the sediment substrate.

. Direct contact with contaminants in sediment. This pathway is most applicable to
benthic macroinvertebrate species that live buried within the sediment substrate.

. Exposure of fish by all pathways combined, based on tissue levels of
contaminants in fish tissue,

Each of these HQ-based evaluations is described below.
5.1.1 Risks to the Aquatic Community from Direct Contact with Surface Water
Surface Water COPC Selection

Surface water COPCs for aquatic receptors are selected using the procedure described in
Appendix C based on all available surface water data from upstream Bear Butte Creek,
downstream Bear Butte Creek, Strawberry Creek, Ruby Gulch, Butcher Gulch, Boomer Gulch
and Two Bit Creek/ Anchor Gulch. Maximum surface water concentrations for each
contaminant are compared to their respective chronic benchmark values (see Table D-1a,b). The
concentration value of a contaminant in surface water may be expressed either as total
recoverable or as “dissolved” (that which passes through a fine-pore filter). There is general
consensus that toxicity to aquatic receptors is dominated by the level of dissolved metals
(Prothro, 1993), since metals that are adsorbed onto particulate mater may be less toxic that the
dissolved forms. Therefore the selection of COPCs in surface water is based on dissolved
measurements.
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The results of the COPC selection procedure for exposure of aquatic receptors to surface water
are detailed in Appendix C-1. The COPCs selected for quantitative evaluation are presented
below. '

Quantitative COPCs for Exposure of Aquatic Receptors to Riparian Area Surface Water
Target Analyte List (TAL) Metals
Aluminum Cobalt Nickel
Arsenic Copper Selenium
Barium Cyanide Silver
Beryllium fron Sodium
Cadmium Lead Thallivm
Calcium Magnesium Vanadium
Chromiom Manganese Zinc

Water quality parameters other than Target Analyte Liste (TAL) metal content may adversely
affect aquatic life. For the protection of surface water streams for fish and wildlife propagation,
recreation and stock watering under South Dakota Article 74:51:01:52 standards are identified
for alkalinity, total dissolved solids (TDS), conductivity, nitrates, pH, total petroleum
hydrocarbons and oil/grease. Additional standards (above the minimum for fish and wildlife
propagation, recreation and stock watering) also apply to streams designated as beneficial use
Class 3 Streams (classification of Strawberry Creek and Bear Butte Creek). These additional
standards include those for unionized ammonia, dissolved oxygen, undissociated hydrogen
sulfide, total suspended solids and water temperature. All surface water quality parameters for
which data are available for the Gilt Edge mine site are identified as COPCs. COPC selection
for water quality parameters is applied to the riparian areas only as the water quality standards
apply to flowing streams, nivers or lakes. The surface water quality parameters selected as
COPCs are listed in the following table:

Quantitative COPCs for Exposure of Aquatic Receptors to Riparian Area Surface Water -
Water Quality Parameters o
Alkalinity Nitrates
Ammonia pH
Conductivity Salinity (same as TDS)
Dissolved Oxygen Total Suspended Solids (TSS)
Filterable Residue (same as TDS}) Total Dissolved Solids (TDS)
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Exposure Assessment

Because concentrations of contaminants in surface water can vary significantly over time and
location, exposure of aquatic receptors is best characterized as a distribution of individual values
at each sampling location, rather than as an average of values over time and/or over location.
That is, an HQ value is calculated for each sample for each contaminant. In accord with USEPA
guidance, non-detects are evaluated at one-half the detection limit. As noted above, all exposure
values for aquatic receptors are based on dissolved metals.

Toxicity Assessment

Toxicity benchmark values for the protection of aquatic life from direct contact with
contaminants in surface water are available from several sources. Each of the sources evaluated
in deriving surface water benchmarks is described briefly in Appendix D-1, along with a
hierarchy for identifying the most relevant and reliable benchmark value when more than one
value is available. The selected toxicity benchmark values for all contaminants analyzed in
surface water are shown in Table D-1a (non-hardness dependent benchmarks) and in Table D-1b
(hardness dependent benchmarks) of Appendix D. The identified benchmarks are used for both
the selection of COPCs and the calculation of HQ values in the risk characterization. For COPC
selection, a hardness of 250 mg/L is used to derive the surface water toxicity benchmarks that
are hardness dependant. This value represents the low end of the range of values observed in
Gilt Edge riparian area surface waters but is the upper end of the range of hardness values in the
toxicity testing used to derive the Ambient Water Quality Criteria (AWQC) benchmarks. For the
HQ calculations in the risk characterization, sampling location specific measurements of
hardness are used to calculate surface water benchmarks that are hardness dependant.

Hazard Quotients for Direct Contact with Riparian Area Surface Water

Because the toxicity of COPCs in surface water to aquatic receptors is usually dependent on the
length of exposure, the HQ was calculated both for short-term (acute) and long-term (chronic)
exposure conditions. In cases where the acute and chronic benchmarks are hardness-dependent,
toxicity benchmarks are calculated for each sample based on the hardness of that sample.

Figures 5-1a to 5-1u provide graphs showing the distribution of the HQ values for samples
collected within each Exposure Reach (Figure 3-1) for each COPC. In each figure, the upper
panel shows the distribution of HQ values for acute toxicity, while the lower panel reflects the
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distribution of risks for chronic toxicity. HQs based on non-detects are shown as open-circles
and HQs based on detects are shown as closed circles. Note that the resuits in these figures are
plotted on a log-scale, so large differences between HQ values are somewhat compressed.

As discussed in Section 4.5, the risk in each exposure reach is classified into one of five risk
categories based on the fraction of the HQ distribution above a value of 1E+00. The data
presented in the figures are further interpreted and the results of the evaluation recorded in Table
5-1 as a summary of risks. Interpretation of the HQ plots in Figures 5-1a through 5-1u is as
follows:

. Exposure reaches with HQ values that are all less than or equal to one are classified as
“none” for no risks identified.

. For exposure reaches where some HQ values are greater than one but the distribution of
values is similar to those calculated for the reference reaches, the risks are identified as
being associated with background conditions. Risks are not identified for these reaches.

. For exposure reaches where some HQ values are greater than one, the risks are classified -
into one of four categories (minimal, moderate, high or severe) as described in Section 4
and depicted on Table 5-1.

The results are summarized in Table 5-1. Inspection of Table 5-1, along with Figures 5-1a
through 5-1u, yield the following main conclusions:

Acute Risks

. Based on the acute benchmarks, severe risks are identified for Strawberry Creek,
associated with aluminum, cadmium, copper, and zinc. Moderate risks are associated
with chromium, manganese and selenium.

. Based on the acute benchmarks, severe risks are identified for Hoodoo Gulch associated
with aluminum, cadmium, copper and zinc.

. Based on the acute benchmarks, moderate risks are 1dentified for Ruby Gulch associated
with aluminum, cadmium, copper and zinc.
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. Based on the acute benchmarks, moderate risks are identified for downstream Bear Butte
Creek associated with copper.

Chronic Risks

. Based on the chronic benchmarks, severe risks are identified for Strawberry Creek
associated with cadmium. High risks are associated with calcium and manganese and
moderate risks with aluminum, cobalt, copper, selenium, and sodium.

] Based on the chronic benchmarks, severe risks are identified for Hoodoo Gulch
associated with manganese. High risks are associated with aluminum and moderate risks
with beryllium, cadmium, cobalt, copper, and nickel. '

. Based on the chronic benchmarks, moderate risks are identified for Ruby Guich for
cadmium.

Water Quality Parameters

For the water quality parameter COPCs, the distribution of measurements within each exposure
reach are plotted relative to the South Dakota water quality parameter standards. Concentrations
are plotted on Figures 5-2a through 5-2j for alkalinity, ammonia, conductivity, dissolved oxygen,
mitrate, pH, filterable residue, salinity, TDS and TSS, respectively. Salinity and filterable residue
are approximate estimates of TDS. In cases where TDS, salinity or filtrable measurements are
not available, it is estimated based on conductivity measurements. TDS is different than
conductivity, which is a measure of the electrical conductance of water. TDS measures the
amount of ions in water, while conductivity measures those ions' ability to conduct electricity.
Distilled water (very low TDS) has little capacity for electron conductivity, The more ions in the
water, the higher the electron flow. Usually there is a strong correlation between conductivity
and TDS, but there is still a difference between the two, Conductivity is only an approximate
predictor of TDS: For specific conductance less than 5,000 uS/cm at 25°C (USDOI, 1998):

TDS =0.584 * SC +22.1
where:

TDS = total dissolved solids in mg/L; and
SC = specific conductance in pS/cm
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For specific conductance from 5,000 to 9,000 pS/cm at 25°C:

TDS = 0.682 * SC -269

Figures 5-2a through 5-2j provide the distribution of measurements of each of the water quality
parameters in comparison with respective daily maximum and 30 day standards. The 30-day
average concentration is defined as the "the arithmetic mean of a minimum of 3 consecutive grab
or composite samples taken on separate weeks in a 30-day period”. These measurements are
not available from the Gilt Edge database and could not be derived from the database, therefore
comparisons are made between the distribution of observed concentrations and the daily
maximum standard. Inspection of Figures 5-2a through 5-2j reveals the following:

. Alkalinity. There are no measurements of alkalinity in any of the exposure reaches that
exceed the 30 day average or daily maximum concentrations (Figure 5-2a).

, Ammonia. Only one surface water sample collected from Strawberry Creek exceeds the
daily maximum standard for ammonia. All other measurements are less than the standard
(Figure 5-2b).

. Conductivity. In general, conductivity is higher in Strawberry Creek, HooDoo Gulch and
Ruby Gulch relative to upstream Bear Butte (reference) and Boomer Gulch (reference)
(Figure5-2¢). However, only 6 measurements in 267 samples (or 2%) from Strawberry
Creek exceed the standard. In Butcher Gulch (a reference location) 3 measurements in
15 samples (20%) exceed the standard. All other measurements are below the daily
maximum standard (Figure 5-2¢).

. Dissolved Oxygen. Dissolved oxygen (DO) measurements are equal to or above the
standard with the exception of a few samples collected from Strawberry Creek (Figure 5-
2d).

. Nitrates. All measurements of mitrates in all exposure reaches fall below the daily
maximum standard (Figure 5-2¢).

. pH. The maximum and minimum measurements of pH in Strawberry Creek fail outside
of the acceptable range (Figure 5-2f). In Hoodoo Gulch and Ruby Gulch, about 50% of
the samples are lower than the lower bound of the acceptable pH range.
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. Filterable residue. According to EPA (USEPA, 1987} this measurement is equivalent to
TDS and available measurements in Strawberry Creek are compared to the TDS standard
in Figure 5-2g. More than 50% of the measurements in exceed the TDS standard.

. Salinity. For most purposes, EPA considers measurements of salinity and TDS to be
equivalent (USEPA, 1987). For salinity measurements available at Gilt Edge, only a few
measurements are above the daily maximum standard for TDS (Figure 5-2h).

. TDS. There are 490 measurements of TDS in Strawberry Creek, of these 14 or 3%
exceed the daily maximum standard. All other measurements of TDS are below the
standard (Figure 5-2i).

. TSS. There are 490 measurements of TSS in Strawberry Creek, of these 154 or 31%
exceed the daily maximum standard for TSS. In Hoodoo Gulch, Ruby Gulch and
downsfream Bear Butte Creek, 32%, 12%, and 49% , respectively, of the measurements
exceed the daily maximum standard. In comparison, only 2% of the measurements in the
upstream Bear Butte reference exceed the standard (Figure 5-2j).

In summary, TDS and TSS may be having an adverse impact on Strawberry Creek. Increased
TSS may also have an adverse impact to downstream Bear Butte Creek.

Evaluation of the HQ values is useful in assessing risks to the aquatic community as a whole, but
does not provide information on which species may be most at risk. Figures 5-3 thru 5-6
compare the distributions of surface water concentrations for aluminum, cadmium, copper, and
zinc to TRVs derived for a number of different species and age groups of fish and invertebrate
receptors. In both figures, TRVSs for fish are shown on the left side, while TRVs for
invertebrates are shown on the right side. All of the TRVs for fish and benthic invertebrates are
derived from the corresponding AWQC Documents prepared by EPA (1985b-¢, 1987, 1996), as
follows:

Acute TRV = Species or genus mean LC50/2
Chronic TRV = Species or genus mean chronic value

Because the toxicity of most of the contaminants of concern depends on water hardness, all of
the data (both the toxicity values and the concentration values) are normalized to a hardness of
100 mg/L. This normalization is achieved using the following equation:
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C(60) = C(H) x TRV(60) / TRV(H)
where:
C(60) = normalized concentration
C(H) = original concentration (hardness = H)
TRV(60) = Acute AWQC (dissolved) at a hardness of 60 mg/L
TRV(H) = Acute AWQC (dissolved) at hardness = H

In the case of aluminum (Figure 5-3), it may be seen that mean concentrations in Strawberry
Creek exceed the reported chronic TRV values for brook trout and fathead minnow and acute
TRVs for Ceriodaphnia sp. Mean concentrations in Ruby Gulch exceed all available acute
TRVs. At all other exposure reaches the maximum concentrations ate less than all acute and
chronic TRVs for fish and invertebrates.

In the case of cadmium (Figure 5-4), the mean concentrations in Strawberry Creek approach or
exceed the chronic TRV for Daphnia and the acute TRVs for rainbow trout and brook trout. The
mean concentrations of cadmium in Hoodoo Gulch and Ruby Gulch also exceed the acute TRVs
for Bull trout and chronic TRVs for snails. At all other exposure reaches the maximum
concentrations are less than all acute and chronic TRVs for fish and invertebrates.

In the case of copper (Figure 5-5), the mean concentrations approach or exceed the acute TRVs
for rainbow trout and northern squawfish, tubificid worms, amphipods, Daphnia sp.
Ceriodaphnia sp. and chronic TRVs for brown trout, white sucker, rainbow trout, brook trout,
snails, amphipods, daphnia and fathead minnow. Mean concentrations in Ruby Gulch exceed all
TRVs for fish and invertebrates. Mean concentrations in Butcher Gulch exceed only the acute
TRVs for N. squawfish, Daphnia sp., and Ceriodaphnia sp. and chronic TRVs for amphipods,
Daphnia sp. and fathead mnnow. The mean concentrations in all other exposure reaches are
less than the acute and chronic TRVs for fish and invertebrates. '

In the case of zinc (Figure 5-6), the mean concentrations in Hoodoo Gulch and Ruby Gulch
approach or exceed acute TRVs for fathead minnow, and amphipods, Daphnia sp Ceriodaphnia
sp. and chronic TRVs for fathead minnow, Daphnia sp, snails and Ceriodaphnia sp. The mean
concentration in Strawberry Creek exceed the acute TRV for Daphnia sp. and Ceriodaphnia sp.
and the chronic TRVs for Daphnia sp., snails and Ceriodaphnia sp.

These graphs illustrate that aluminum, cadmium, copper and zinc are expected to have adverse
effects on a number of different species of both fish and invertebrates in the aquatic community,
and that severe community level effects are likely to exist due to the toxicity of these COPCs.
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The aluminum exposures may be related to a release of aluminum to Strawberry Creek
associated with the use of aluminum hydroxide in the WWTP (use now terminated).

For the COPCs associated with either acute or chronic risks classified as severe, the HQ results
are presented geographically as maps. It should be noted that not all of the points plotted on
Figures 5-1a through 5-1u for each COPC for each exposure reach could be plotted on the maps
for two reasons. First some sampling locations have more than one result available per
coordinate. In these cases, the mean concentration across all samples is plotted. Second, for
some of the data points on Figures 5-1a through 5-1u, geographic coordinates are not available
thus the HQ values could not be plotted.

The Acute HQ values for aluminum, cadmium, copper and zinc are presented spatially as maps
in Figures 5-7 to 5-10. Inspection of these maps reveals that HQ values are the highest in upper
Ruby Gulch, upper Hoodoo Gulch and upper Strawberry Creek. Downstream all locations have
HQ values less than 1. These maps show that acute effects are restricted to Strawberry Creek
upstream of the confluence with Hoodoo Gulch, Hoodoo Gulch and Ruby Gulch.

The chronic HQ values for aluminum, cadmium, copper, manganese and zinc are presented
spatially as maps in Figures 5-11 to 5-15. Inspection of these maps reveals that HQ values are
highest upstream in Strawberry Creek, Hoodoo Gulch and Ruby Gulch. Most chronic HQ values
in Strawberry Creek are greater than 1 and less than 10 downstream to Bear Butte Creek. With
the exception of one location for copper, the chronic HQ values (for aluminum, cadmium,
copper, manganese and zinc) are less than 1 in Bear Butte Creek upstream of Strawberry Creek.
In Bear Butte Creek downstream of the confluence with Strawberry Creek, some HQ values for
cadmium and manganese exceed 1 but are less than 10. Examination of the results in Figure 5-1
also shows chronic HQ values in Bear Butte Creek downstream of Strawberry Guich exceeding
one for aluminum, copper, lead, nickel and selenium.

5.1.2 Risks to Aquatic Receptors from Mine Source Area Surface Waters

During discussions with the Biological Technical Assistance Group (BTAG) for the Gilt Edge
Mine Site, several concerns were raised concerning the potential risks for aquatic receptors in
Strawberry Creek if the surface waters within the mine source area (pits and ponds) was allowed
to drain off-site untreated. To address this concern, HQ values were calculated for Mine source
area surface waters. The data used for these calculations is listed in Appendix A and includes
samples from:

Baseline Ecological Risk Assessment for the Gilt Edge Mine, November 2003 5-9



Sampling Locations Used in Calculation of HQ V'alues for Ons-Sité S'u‘rfhge‘ Water; '

Pond A
Anchor Pit
Dakota Maid Pit
King Adit
Langley Adit
Langley Pit
Pad Effluent

Pit water
Pond B
Pond C

Pond C culvert
Pond D
Pond E

Ruby Dump

Ruby Pond
Stormwater
Sunday Sump
Surge Pond
Wood Weir
Wastewater Treatment Effluent

COPCs for the Mine source area surface waters included all TAL metals detected. The exposure
point concentration for each COPC is equal to the upper 95" percent confidence interval of the

arithmetic mean or the maximum detected concentration whichever is lower (Appendix A-5).
The following HQ values are calculated for the Mine source area surface waters:

HQ Vatues for Mine Source Area Surface Waters

Contaminant Acute Chronic .Contaminant _ Acute | “Chronic
Aluminum 4000 31,000 Manganese 60 1000
Arsenic 40 90 Mercury <] <]
Barium 1 30 Molybdenum <1 <1
Beryllium 2 100 Nickel 2 20
Cadmium 800 8000 Potassium Not calculated <1
Chromium (VI) 10 20 Selenium <1 4
Cobalt 2 100 Sitver 2 20
Copper 16,000 30,000 Sodium Not calculated <1
Iron Not 8,000 Strontium <1 5
Lead calculated 4 Thallium <l <1
Lithium <1 20 Vanadium’ < 3
Magnesium <1 3 Zinc 200 200

These HQ values clearly establish that Mine source area surface water would be acutely toxic to
aquatic receptors if it were released untreated from the Mine source area to receiving surface

waters.
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5.1.3 __ Risks to Benthic Macroinvertebrates from Direct Contact with Sediment
Sediment COPC Selection

Sediment COPCs for benthic macroinvertebrates are selected for the riparian area based on all
available sediment data from Bear Butte Creek, Strawberry Creek, Ruby Guich, Butcher Gulch,
Boomer Gulch and Two Bit Creek/Anchor Gulch. Sediment concentrations for each
contaminant are compared to the sediment screening toxicity benchmark. The results of the
COPC selection procedure for sediment are detailed in Appendix C-2 and the contaminants
selected for quantitative evaluation are presented below.

Quantitative COPCs for Riparian Area Sediments

Aluminum Copper Nickel

Antimony Cyanide Selenium
Arsenic Iron Silver

Cadmium Lead Vanadium

Chromium Manganese Zine
Cobalt Mercury

Exposure Assessment

Benthic macroinvertebrates that spend some or most of their life cycle within the sediment
substrate are exposed to contaminants through direct contact with sediment. Although
concentrations of contaminants in sediment are usually not as time-variable as concentrations in
surface water, concentrations do fluctuate as contaminated material is added or removed by
surface water flow. In addition, there may be significant small scale variability in sediment
concentrations at any specific sampling station. Therefore, exposure to sediments is usuailty best
characterized as a distribution of individual values at a specific location. At this site, there is
only one measurement of sediment concentration available per sampling location, so exposure is
based on that single concentration value. Non-detects are evaluated at one-half the detection
limit.

Toxicity Assessment

Toxicity values for the protection aquatic life (mainly benthic organisms) from contaminants in
sediment are available from several sources. Each of the sources evaluated in deriving sediment

benchmarks is described briefly in Appendix D-2, along with a hierarchy for identifying the most
relevant and reliable benchmark value when more than one value is available. The selected
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toxicity benchmark values for all contaminants analyzed in sediment are shown in Table D-2 of
Appendix D. These benchmarks are used both for COPC selection (previously discussed) and
calculation of HQ values (discussed in the following section).

Hazard Quotients for Direct Contact with Sediment

Figure 5-16a through 5-16p provide the HQ values for each sampling location within an

exposure reach for each COPC. As discussed in Section 4.5, the risk in each exposure reach is

classified into one of five risk categories based on the fraction of the HQ distribution above a

value of 1E+00. Note that the results in these figures are plotted on a log-scale, so large
differences between HQ values are somewhat compressed.

The classification of risks for each exposure reach as presented in the figures is further
interpreted and the results of the evaluation recorded are recorded in Table 5-2 as a summary of
risks. Interpretation of the HQ plots is as follows:

. Exposure reaches with HQ values that are all less than or equal to one are classified as
“none” for no risks identified.

. For exposure reaches where some HQ values are greater than one but the distribution of
the HQ values is similar to the distribution observed for the reference reaches, the risks
are identified as being associated with background conditions. Risks are not identified
for these reaches.

. For exposure reaches where HQ values are greater than one, the risks are classified into
one of four categories as described in Section 4 and depicted on Table 5-2.

Inspection of Figures 5-16a through 5-16p and the evaluation of these results in Table 5-2, yield
the following main conclusions:

. Risks are categonized as severe for Strawberry Creek sediments associated with
cadmium, copper, and zinc. Risks are categorized as high for silver and moderate for
aluminum and manganese. Risks (HQ values and associated categories) for antimony,
arsenic, iron, lead, mercury, nickel, and selenium are equal or higher at reference
exposure reaches (Bear Butte Creek - upstream and Boomer Gulch) and are not site-
related..
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. Risks are categorized as severe for Hoodoo Gulch sediments associated with cadmium,
copper, lead, silver and zinc. Risks (HQ values and associated categories) for arsenic,
iron, manganese, nickel, and selenium are equal or higher at reference exposure reaches
(Bear Butte Creek - upstream and Boomer Gulch) and are not site-related.

. Risks are categorized as high for Ruby Gulch sediments associated with copper and
moderate for cadmium. Risks (HQ values and associated categories) for arsenic, lead,
iron, silver, and zin¢ are equal or higher at reference exposure reaches (Bear Butte Creek
- upstream and Boomer Gulch) and are not site-related.

. Risks are categorized as severe for Bear Butte Creck (downstream) for cadmium, copper,
and zinc. Risks are categorized as high for silver. In comparison to Bear Butte Creek -
upstream (reference) risks for arsenic, iron, lead, nickel and selenium are equal upstream
and downstream of Strawberry Creek and are not identified as site-related.

The HQ values for cadmium, copper, silver and zinc in riparian sediment (all classified as
severe) are presented spatially as maps in Figures 5-17 to 5-20. Inspection of these maps reveals
that HQ values are highest upstream in Strawberry Creek and Ruby Gulch and decrease with
distance downstream. It should be noted that not all of the points shown on Figures 5-16a
through 5-16p for each COPC for each exposure reach could be plotted on the maps for two
reasons. In some cases there are more than one result for a specific sampling location. In these
cases the results are averaged and the average is used to calculate the HQ for the map. In other
cases, geographic coordinates are not available for a result presented in Figures 5-16a through 5-
16p and it could not be plotted on the maps. The maps, as well as the results shown in Figures 5-
16a through 5-16p, show adverse effects to the benthic invertebrate community in Strawberry
Creek, Hoodoo Gulch and Ruby Gulch associated with Gilt Edge Mine Site activities, and to a
lesser extent in downstream Bear Butte Creek downstream of the confluence with Strawberry
Creek.

5.1.4 _ Risks to Fish Based on Fish Tissue Burdens

One way to estimate risks to fish is to compare the tissue level of contaminants observed in fish
collected at the site to tissue concentrations that occur in fish with and without evidence of
adverse effects. This approach has the advantage that it integrates exposures over multiple
sources (surface water, sediment, food web), and accounts for any site-specific factors that might
increase or decrease exposure compared to laboratory conditions.
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Fish Tissue COPC Selection

Fish Tissue COPCs for aquatic receptors are selected using the procedure shown in Appendix C
based on all available fish tissue data. Maximum fish tissue concentrations for each
contaminant are compared to their respective MATC (see Table D-3). The results of the COPC
selection procedure for fish are detailed in Appendix C and the contaminants selected for
quantitative evaluation are presented below,

Quantitative COPCs for Fish Tissﬁe
for Aquatic Receptors -

Aluminum Lead

Cadmium Mercury

Chromium Selenium
Copper Zinc

Exposure Assessment

Fish tissue data are available for Strawberry Creek, Boomer Gulch and Bear Butte Creek both
upstream and downstream of the confluence with Strawberry Creek. These data were collected
by EPA in September 2000 as described in USEPA (2002a). Table 3-4 summarizes the available
fish tissue data for the Gilt Edge Mine site. Results are available for three species of fish (brook
trout, mountain sucker and longnose dace) for whole body analyses. The location of the samples
are shown on Figure 3-4. For each sampling location, there are up to three composite samples
for each species. Each of the individual composite sample result for each COPC sorted into
respective exposure reaches are used as EPCs.

Toxicity Assessment

“Jarvinen and Ankley (1999) compiled a comprehensive database of tissue residue data for
aquatic organisms exposed to inorganic and organic chemicals. From this database tissue burden
benchmarks are selected for fish whole body or muscle for all detected contaminants. The
benchmark is equal to the lowest reported concentration that did not cause an adverse effect on
survival and growth in freshwater fish species. The tissue burden benchmark values selected for
fish tissue are shown in Table D-3. These MATC values are used to select COPCs (previously
described) and to calculated HQ values as discussed in the following section.

Hazard Quotients for Fish
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Figures 5-21a through 5-21h provide the HQ values for each location for each COPC, At each
reach or location, the risks from a COPC are classified into risk categories (as described in
Section 4.5) based on the HQ distribution. Note that the results in these figures are plotted on a
log-scale, so large differences between HQ values are somewhat compressed. The classification
of risks for each exposure reach as presented in the figures is further interpreted as follows:

. Exposure reaches with HQ values that are all less than or equal to one are classified as
“none” for no risks identified.

. For exposure reaches where some HQ values are greater than one but the distribution of
HQ values is similar to the distribution of HQ values for reference reaches, the risks are
identified as being associated with reference conditions. Risks are not identified for these
reaches.

. For exposure reaches where HQ values are greater than one, the risks are classified into
one of four categories as described in the following text discussion.

Examination of Figurés 5-21a through 5-21h yields the following conclusions:
. For selenium and copper, no risks are identified.
. For aluminum, zinc, and mercury some HQ values in Strawberry Creek are greater than

one but the distribution of values is less than those for reference reaches and are not
considered to be site related.

. For lead and chromium, risks are identified as minimal.
s Risks from cadmium are categorized as severe in Strawbeity Creek and downstream Bear
Butte Creek.

Based on these risk calculations, some species of fish in Strawberry Creek and downstream Bear
Butte Creek may be at risk of adverse effects due to elevated tissue concentrations of cadmium.
Adverse effects from other site-related contaminants are not expected.
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5.2 Evaluation of Site-Specific Toxicity Tests

One way to help reduce the uncertainty associated with HQ values based on toxicity benchmark
values is to perform direct toxicity testing using site-specific media. Toxicity tests are available
for site surface water and sediments.

5.2.1 Surface Water Toxicity Tests

Surface water samples were collected in September of 2000 and October 2001 for toxicity
testing with larval Pimephales promelas (fathead minnow), according to USEPA (1994).

Surface water samples were collected in September 2000 from five locations in Strawberry
Creek (SC-4, SC-3, SC-2, SC-5 and SC-1) and seven locations in Bear Butte Creek (BB-16, BB-
3, BB-14, BB-6, BB-5, BB-2 and BB-1) and one location in Boomer Gulch (BG-1) '(Figure 5-
22). In October of 2001, surface water samples were collected from five locations in Strawberry
Creek (SC-4, 8C-3, SC-2, SC-5 and SC-1) and two locations in Bear Butte Creeck (BB-3 and BB-
14) and one location in Boomer Gulch (BG-1). The tesults of the testing is summarized in Table
5-3 Figure 5-24 with full resuits provided in USEPA (2002a).

Surface water toxicity was evaluated using larval Pimephales promelas (fathead minnow),
according to USEPA testing methods (USEPA, 1994). In September of 2000, testing was
completed using 100% undiluted site water) and two control waters. The primary control water
(LRW) was equal to moderately hard reconstituted water (MHRW) prepared with hardness and
alkalinity adjusted to match reference surface water (BB-16 or BB-3).

The results of the initial surface water testing are provided as Table 5-3 and Figure 5-23.
Significant reduced survival was observed at all Strawberry Creek sampling locations with
survival ranging from 0 to 38 % in September of 2000 and 5 to 45% in October of 2001, Growth
was also significantly reduced in all Strawberry Creek samples. Reduced growth also represents
reduced biomass as there is no adjustment for total weight per the number of minnows surviving
the test. The reduced growth measurements therefore also reflect a reduced number of fish
surviving. For Bear Butte Creek (Figure 5-23), there are no significant reductions in survival or
growth compared to the controls or reference.

In September 2000, a definitive test was completed with the sample from SC-4 using surface
water concentrations of 100%, 50%, 25%, 12.5%, and 6.25% prepared by serial dilution with
LRW and used in the toxicity test (Table 5-4). From the toxicity observed in the definitive
dilution three types of test results are recorded: ‘
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No Observable Effect Concentration (NOEC). The survival and growth data are

statistically analyzed in comparison to the LRW and MHRW results. The NOEC is the
highest concentration of toxicant (in this case surface water sample dilution) to which

organisms are exposed in a full life-cycle or partial life-cycle (short-term) test, that

causes no observable adverse effect on the test organism (i.e., the highest concentration
of toxicant in which the values for the observed responses are not statistically different
from the controls) (USEPA, 2002c). A NOEC for survival and a NOEC for growth are

identified from the results of the definitive test.

Lowest Observable Effect Concentration (L OEC). The survival and growth data are

statistically analyzed in comparison to the LRW and MHRW results. The LOEC is the

lowest concentration of toxicant (in this case surface water sample dilution) to which
organisms are exposed in a full life-cycle or partial life-cycle (short-term) test, that

causes an observable adverse effect on the test organism (i.¢., the lowest concentration of
toxicant in which the values for the observed responses are statistically different from the
controls) (USEPA, 2002¢). This value is interpreted from the results of the definitive

test.

Inhibition Concentration at xx% (IC,,). The toxicant concentration that would cause a
given percent reduction in a non-quantile biological measurement for the test population.

For example, the IC,; is the concentration of the toxicant that would cause a 25%

reduction in growth for the test population and the IC,, is the concentration of toxicant
that would cause a 50% reduction (USEPA, 2002c).

In the September 2000, definitive tests the survival NOEC and LOEC was 12.5% and 25% SC-4

(September 2000) surface water, respectively. The growth NOEC was 12.5% SC-4 surface

water and the 1C,, concentration was 20.7% using LRW as the control and 19.5% SC-4 surface

water using MHRW as the control.

In October 2001, definitive tests were initiated using surface waters from SC-4, SC-3, SC-2, and

SC-5 at concentrations of 100%, 50%, 25%, 12.5%, and 6.25% (Table 5-4). The following

results were determined:

Results of Definitive Surface Water Toxicity Tests (October 2001)

SC-4

5C-3

SC-2

8C-5

Survival NOEC

25%

25%

25%

25%
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Results of Definitive Surface Water Toxicity Tests (Octoﬁe-r 2001)' _
SC4 SC-3 sc2 | scs
Survival LOEC 50% 50%. 50% 50%
Growth NOEC 25% 25% 25% 25%
Growth IC,, 29.6% 42.4% 59.9% 47.9%

The results of both the initial and definitive toxicity tests with surface water provide conclusive
evidence that surface water in Strawberry Creek is significantly toxic (lethal) to aquatic
organisms. There are, however, no significant effects observed in Bear Butte Creek.

5.2.2 __Sediment Toxicity Tests

Sediment toxicity testing was completed by EPA in September 2000 and October 2001 to
provide data concerning the availability and toxicity of contaminants in sediment. Sediment
toxicity was evaluated using the solid-phase sediment toxicity test methods with the amphipod
Hyalella azteca (Ingersoll et al. 1994). The procedure was modified slightly—the test duration
was 14 days instead of the standard 10 days. Sediment samples were collected from thirteen
locations in September 2000 and eight locations in October 2001. The location of the samples is
provided on Figure 5-22.

Survival of H. azfeca in September 2000 was significantly decreased at 3 of the 4 Strawberry
Creek locations with survival ranging from 6% at SC-3 to 30% at SC-5 (Table 5-5; Figure 5-24)
compared to 70% for the BB-16 reference sample and 93% for the laboratory control. Survival
was also significantly reduced at one Bear Butte location (BB-1) at 48% but this result is
comparable to the 51% measured in the Boomer Guich reference.

When tests were repeated in QOctober 2001, similar results were observed. Four of five sediment
samples from Strawberry Creek significantly reduced the survival of H. azteca (20 to 24%
survival) compared to references and controls (96 to 100%). These results provide conclusive
evidence that sediments in Strawberry Creek are significantly toxic and may be lethal to benthic
macroinvertebrates.

Baseline Ecological Risk Assessment for the Gilt Edge Mine, November 2003 ) 5-18



5.3 Evaluation of Aquatic Community Surveys

Effects of chemical stressors on an ecosystem can sometimes be evaluated by direct observation
of the density and diversity of species present in the ecosystem. At the Gilt Edge Mine site,
observations on the benthic community structure are available from two separate studies.

5.3.1 _ Benthic Macroinvertebrate Community

Benthic community analyses was completed according to Rapid Bioassessment Protocols (RBP)
by EPA (USEPA, 2002) in September of 2000 and October of 2001. Biological assessment is an
evaluation of the condition of a waterbody using biological surveys and other direct
measurements of the resident biota in surface waters. The Rapid Bioassessment Protocols
developed by EPA represent an integrated bioaassessment approach comparing habitat (e.g.,
physical structure, flow regime), water quality and biological measures with empirically defined
reference conditions. The protocols derive a relationship between habitat quality and biological
condition. Once this relationship between habitat and biological potential is understood, impacts
related to water or sediment quality {contaminants) can be objectively discriminated from habitat
effects.

The overall approach of the RBP is presented as Figure 5-25. There are three steps to calculation
of a biological condition score for each sampling location:

Step 1: Collect Statistics. For each sampling location in three replicate samples, several
parameters are calculated including number of individuals, total number of scrapers
(functional feeding group), total number of filterers, total number of shredders, total
number of ephemeroptera, plecoptera, and trichoptera (EPT) (mayflies, stoneflies and
caddisflies), and chironomid abundance.

Step 2: Calculate Metrics. For each sampling location a series of 9 metrics (or measures
of community structure and function) are calculated as described in USEPA (1989).
These metrics include: taxa richness, Hilsenhoff’s Biotic Index (HBI), ratio of scrapers to
filterers, ratio of EPT abundance to chironomid abundance, % contribution of the
dominant taxon (to total abundance), number of EPT taxa, conununity loss index, and
ratio of filterers to shredders.
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Step 3: Calculate Biological Condition Score. A biological condition score is calculated
for each of the sampling locations using the 9 metrics calculated for each site and
comparing these to the appropriate reference. For Strawberry Creek sampling locations,
a location in Boomer Gulch (BG-1) is used as the reference and for sampling locations in
Bear Butte Creek , the upstream sampling station BB-16 (Figure 5-22) isused as a
reference. For six of the metrics a simple ratio (or percent of reference) is calculated by
dividing the result for the site by the result for the reference station and multiplying by
100. Using the resulting % of reference result, a score is assigned using the criteria in
Figure 5-25 (ranging from 0 to 6 for each metric). For the HBI index the reference result
is divided by the site result to obtain the percentage. The community loss index results
are directly scored using the criteria in Figure 5-25 and not divided by reference (the
community loss index result includes a comparison to reference). The % contribution of
dominant taxa metric is also directly scored using the specific result for each sampling
location (site and reference). Once scores are calculated for each of the metrics, the
individual scores are added to derive a total and this total is divided by the reference total
to obtain a Biological Condition Score (% of reference).

As part of the RBP method, a separate Habitat Quality score is calculated for each of the
sampling stations. The resulting scores are also compared to reference to obtain a % of reference
value. The results of the habitat quality evaluation along with habitat scores are summarized in
Table 5-6.

The steps for calculation of Biological Conditions Scores are completed for the Strawberry
Creek and Bear Butte Creek sampling locations in Tables 5-7 and 5-8 for data obtained in
September of 2000 and October of 2001, respectively. The results are also plotted in Figures 5-
26 and 5-27. The biological condition of the stations is categorized according to the guidelines
in Figure 5-25.

In order to interpret the Biological Condition Scores based on the similarity of the habitat present
at the Strawberry Creek and Bear Butte Creek sampling locations to reference sampling
locations, each of the Biological Condition Scores are plotted with respect to their Habitat
Quality Score in Figure 5-28, Three Strawberry Creek stations (SC-03 and SC-05 in September
2000 and SC-2 in October of 2001} are severely impaired relative to reference and two are
moderately impaired (SC-05 and SC-01 in October of 2001). The habitat present at these
sampling locations is supporting of conclusions of impacts related to water quality as it is
sufficiently similar in quality to the reference location to rule out differences in habitat quality as
the cause of the observed decrease in biological condition.
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The Biological Condition of all Bear Butte sampling stations are either classified as non-
impaired or slightly impaired (Figure 5-27 and 5-28). The habitat present at these sampling
locations is comparable to the reference location. '

In September 2000, impacts to the benthic communities are most severe at locations SC-2, where
no organisms were collected, followed by SC-3 and SC-5, where very few organisms
representing only a few taxa were found. However, the benthic community does recover to some
degree with distance downstream, with an increase in condition score at SC-1 (Figure 5-26).

The benthic macroinvertebrate community in Bear Butte Creek is impacted slightly by the
discharge from Strawberry Creek, as illustrated by a slight drop in community structure (mostly
due to a loss of sensitive taxa and diversity) between BB-3 and BB-14 (Table 5-7). This
comparison of community structure upstream and downstream of the confluence with Strawberry
Creek indicates that some COPCs may be reaching Bear Butte Creek. It is important to note that
the bank of Bear Butte Creek was disturbed by heavy equipment in the area of BB-3 and BB-14.
Therefore, the impacts in Bear Butte Creek are better quantified by the reduction in condition
score between BB-3 and BB-14 than by the drop in condition score between Stations BB-16 and -
BB-14. No impacts on Bear Butte Creck from the Ruby Gulch drainage are observed. A second
drop in Bear Butte community structure occurs downstream of a seep, as illustrated by the
reduction in condition score and loss of sensitive taxa and diversity at BB-2 (Table 5-7). There
was a gradual improvement following the confluence of Double Rainbow (located between BB-2
and BB-1), and the community appeared to continue its recovery downstream to BB-15.

Follow up sampling of the benthic macroinvertebrate community was completed by EPA in
October of 2001 and similar results are reported (USEPA, 2002). The benthic community in
Strawberry Creek continued to be severely impacted by the discharge from Gilt Edge Mine. No
organisms were recovered from locations SC-4 and SC-3 and very few organisms representing
only a few taxa were recovered in other Strawberry Creek samples (USEPA, 2002). A slight
increase i condition score was seen at SC-5 during 2001 relative to 2000, mostly due to an
increase in abundance of trichoptera larvae. The significance of this observation is unknown,
Given the small number of organisms sampled during both events {(average of 8 in 2001 and 2 in
2000), it is unknown as to whether the increase is due to a recovery or simply an artifact
resulting from high variability at the station.

Similar to observations in September of 2000, the benthic macroinvertebrate community in Bear
Butte Creek is impacted slightly by the discharge from Strawbenry Creek, as illustrated by a
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slight drop in community structure {mostly loss of sensitive taxa and diversity) between stations
BB-3 and BB-14. .

Overall, it is apparent that the benthic macroinvertebrate communities of Strawberry Creek are
severely or moderately impacted by mine drainage. For Bear Butte Creek, the impacts are
considered to be slight. The benthic community in the surrounding area is robust and could be a
source of recruitment organisms for recovery of impacted stations once the contaminant sources
are controlled (USEPA, 2002).

5.3.2 Fish Community

As part of their routine patural resource management respounsibilities, the South Dakota Game,
Fish, and Parks Commission (SDGFPC) conducts an annual fish community survey using
multiple pass removal by electrofishing. The SDGFPC conducted community sampling at
thirteen locations to satisfy the goals of their program. These locations include two in Bear
Butte Creek upstream of the confluence with Strawberry Creek; five downstream of the
confluence; two in Strawberry Creek and two in Boomer Gulch. The sampling locations are
listed in the following table and the location of these (with the exception of two location) are
provided on Figure 3-4.

Summary of Fish Sampling Locations from SDNR Database =
. Corresponds with |- B
Loca 101.1 Map Location _ Site Description - -
Abbreviation e
(Figure 3-4 _ L S
biw GEM sC.3 70 meters upstrean? of confluence with Bear Butte
Strawberry Creek E!.t Brohm Mine :
Creek abv BMG sC.1 Immediately above confluence with Bear Butte

Creek

abv BBC Immediately above confluence with Boomer Gulch

Boomer Gulch abv SBC 32 meters upstream of Strawberry Creek
immed. abv SBC BG-3 Immediately upstream of Strawbermry Creek

abv SBC BB-16 Approx. 1/4 mite upstream from confluence with

Strawberry Creek
immed. abv SBC BB-3 Above Strawberry Creek Confluence
Bear Butte blw SBC BB-14 Below Strawberry Creek Confluence
Creek blw SBC Below culverts approx. 120 meters downstream of

Strawberry Creek Confluence

abv RBG BB-6 Immediately Above Ruby Gulch Confluence

blw RBG BB-5 Immediately Below Ruby Gulch Confluence

abv DRM BB-2 Above Double Rainbow Mine
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Summary of Fish Sampling Locations from SDNR Database
Corresponds with
Locati:
ocation Map Location Site Description
Abbreviation i
(Figure 3-4
blw DRM BB-1 Below Double Rainbow Mine Bridge

Five species have been collected previously at these locations including brook trout (Salvelinus
Jontinalis), rainbow trout (Oncorhynchus mykiss), longnose dace (Rhinichthys cataractae), white
sucker (Catostomus commersoni}, and mountain sucker (C. platyrhvnchus).

The mean number of fish per kilometer of stream for each species for sampling completed
annually since 1996 is plotted in Figure 5-29 for Strawberry Creck and Bear Butte Creek.
Biomass (pounds of fish per hectare) is plotted in Figure 5-30. In some years at some stations
sampling was not completed For these a blank space is shown on the figure. In a few cases,
sampling was completed but fish were not found. These instances include:

Sampling Events and Locations Where Fish were not Found Since 1996

Location Sampling Station Years
Strawberry Creek blw GEM 1997, 1998
Bear Butte Creek abv RBG 1998

Examination of the data presented in Figures 5-29 and 5-30 yields the fbllowing conclusions:
trawberry Creek

¢ In the two most upstream sampling locations in Strawberry Creek, fish are either not
found or are found with limited numbers (< 500 per km).

. Some species (white sucker, longnose dace and mountain sucker) are typically absent or
found at very low density in Strawberry Creek compared to Bear Butte Creek.

. There is some apparent recovery of brook trout at the most downstream sampling station
above Bear Butte Creek. At this sampling station (abv BBC) the number of Brook trout
observed increases each year from 1999 to 2001 with density in 2001 (1600 per km)
being similar to those observed in Bear Butte Creek during the same year.
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Bear Butte Creek

. Similar species are found upstream and downstream of the confluence with Strawberry
Creek.
. Similar density (when respective sampling years are compared) of brook trout is found

upstream and downstream of Strawberry Creek (Figure 5-29). In some cases (2001),
density is higher downstream of Strawberry Creek compared to upstream.

J A lower density of dace is consistently observed in Bear Butte Creek sampling stations
downstream of the Strawberry Creek confluence (Figure 5-29) compared to upstream.

. The density of mountain sucker is either comparable to or higher at Bear Butte Creek
sampling stations downstream of Strawberry Creek.

From these data there are impacts identified for the fish community in Strawberry Creek related
to the Gilt Edge mine. For Bear Butte Creek, the fish population (density and biomass) do not
appear to be impacted in comparison to reference from inputs related to the Gilt Edge Mine
(discharge of Strawberry Creek and Ruby Gulch). The exception to this statement may be the
decreased density of dace observed in downstream Bear Butte Creek.

54 Weight of Evidence Evaluation
5.4.1 Risks from Surface Water

Three lines of evidence (the HQ approach) are available to evaluate risks to aquatic receptors
from direct contact exposure to surface water. These lines of evidence include the HQ
calculations, the toxicity testing of surface water and the biological community data (benthic
invertebrate and fish). The findings from the lines of evidence evaluated for exposures of
aquatic receptors to COPCs in surface water are summarized in the following table.
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Line of Evidence

Findings

HQ calculations based on surface
waler concentrations

For Strawberry Creek, acute toxicity (risk) is associated with aluminum,
cadmium, copper and zinc and to a lesser extent to chromium,
manganese, and selenium. Chronic toxicity (risk) is associated with
cadmium and to a lesser extent calcium and manganese, aluminum,
cobalt, copper, selenium and sodium.

For Hoodoo Gulch , acute toxicity (risk) is associated with aluminum,
cadmium, copper and zinc and to a lesser extent manganese. Chronic
toxicity (risk) is associated with aluminum and manganese and to a
lesser extent beryllium, cadmiuvm, cobalt, copper, and nickel.

For Ruby. Gulch, acute toxicity (risk) is associated with aluminum,
cadmium, copper and zinc although to a lesser extent compared to
Strawberry Creek and Hoodoo Guich.. Chronic toxicity (risk) is
associated with cadmium.

For Bear Butte Creek only mederate acute risks are identified associated
with copper downstream of Strawberry Creek.

Direct Toxicity Testing

For Strawberry Creek, surface water toxicity testing identified that site
surface waters are significantly toxic and reduced both the survival and
growth of fathead minnows in all samples tested.

For Bear Butte Creek, surface water samples were not toxic to fathead
minnows,

Population Observation
Benthic Community Structure

For Strawberry Creek, the benthic macroinvertebrate community is
severely or moderately impaired compared to reference stations (Figure
5.28).

For Bear Butte Creek, the benthic macroinvertebrate community is
slightly impaired relative to reference stations (Figure 5-28).

Population Observation
Fish Community Structure

For Strawberry Creek, the fish community is impaired relative to
upstream Bear Butte Creek in that some types of fish are absent or
severely limited in number. There docs appear to be some recovery at
the station located just above the confluence with Bear Butte creek.

For Bear Butte Creek, the fish conununity does not appear to be
impaired downstream of Strawberry Creek compared to upstream.

Based on these lines of evidence, it is concluded that site-related COPCs in surface water pose
an unacceptable risk to aquatic receptors in Strawberry Creek. Based on the weight of evidence,
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risks associated with COPCs in surface water are not predicted for Bear Butte Creek This
conclusion is based on the observations that 1) the HQ values calculated for Bear Butte Creek do
not predict risk; 2) toxicity tests do not demonstrate toxicity; and 3) the benthic
macroinvertebrate community is only slightly itnpaired and this impairment may be associated
with sediment contamination.

Identification of COPCs Associated with Observed Toxicity

In order to increase the usefulness of the weight of evidence evaluation and to attempt to identify
the possible cause of toxicity observed in the surface water toxicity testing, the surface water
toxicity testing results are compared to concentrations of COPCs in the water sample in Table 5-
9. This analysis identifies several COPCs as significantly correlated with the toxicity observed
(either reduced survival or reduced growth). The shaded boxes on Table 5-9 indicate where
statistical significance was greater than p< 0.01 and the correlation coefficient was greater than
0.6. Asshown, there are several COPCs with concentrations that correlate significantly with the
responses observed (reduced growth or survival).

Several constituents that are correlated with toxicity are components of TDS. TDS consists of
minerals, organic matter, and nutrients dissolved in water. Equivalent terminology in Standard
Methods is filtrable residue (USEPA, 1987). The major components of TDS in natural waters
include: bicarbonate (HCOy), calcium (Ca*?), sulfate (SO,?), hydrogen (H"), silica (SiO,),
chlorine (CI'), magnesium (Mg*?), sodium (Nz*), potassium (K*), nitrogen (N,, NH;, NO2, NO?),
and phosphorus in the form of phosphate (PO,?). These components are listed in general order
from most concentrated to least concentrated in typical surface waters. Bicarbonate can make up
50% of TDS in some streams. Minor constituents that are normally just a trace in streams
include: iron (Fe*?), copper (Cu*?), zinc (Zn*), boron (B*?), manganese (Mn*?), and molybdenum
(Mo"). A constant level of TDS is essential for the maintenance of aquatic life because the
density of total solids determines flow of water in and out of an organism's cells (osmosis). A
sudden or extreme change in TDS can be detrimental to aquatic life. For instance, an increase in
salts could kill freshwater species whose bodies are not constructed to live in saltwater.

For most purposes EPA considers the terms TDS and salinity to be equivalent (USEPA, 1987)
although salinity is different than TDS. Salinity refers only to salts and is defined as the
concentration of all ionic conshtuents that include halides, bicarbonates, and sodium chloride.
USDOI (1998) provides a summary of data concerning the toxicity of salinity to freshwater
organisms. In general, the acute toxicity threshold for fathead minnow is reported for 6 to 10
parts per thousand (ppt); for daphnia from 6 to 10 ppt; for Hyalella azreca from 16 to 19.5 ppt
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and Chironomus utahensis at 13.3 ppt (USDOI, 1998). The State of South Dakota also has a
water quality standard for TDS set at 1.75 ppt. The primary components of TDS measured in the
samples for toxicity testing are compiled at the bottom of Table 5-9. All of the TDS
components, with the exception of potassium are correlated with the observed toxicity.

Further Evaluation of Toxicity

The results compiled in Table 5-9 indicate that any one or more of the COPCs positively
correlated with toxicity may be the cause. A positive, significant correlation does not however
prove that the COPC is assoctated with the observed toxicity. It is also possible that any of these
COPCs are simply co-located with the causative agent(s). Toxicity is only observed in the
samples from Strawberry Creek where several COPCs (including TDS constituents) are orders of
magnitude higher than Bear Butte Creek samples.

An evaluation was completed to identify which of the COPC concentrations could explain the
observed toxicity. The results of the definitive surface water tests are compared to known
toxicity levels (LC,;) values for each of the COPCs identified as being significantly correlated
with the observed toxicity (cadmium, calcium, cobalt, magnesium, manganese, nickel, selenium,
sodium, sulfate, and TDS) (Table 5-9). For each of these COPCs, the results of the definitive
tests at SC-4 (September 2000), SC-4 (October 2001), SC-3, SC-2 and SC-5 are plotted
{mortality versus dilution) and an LC,, identified. The LC,, is the dilution associated with 50%
mortality in the test sample. Next, a surface water concentration of each COPC at the LC,, is
estirmated by multiplying the LC,, dilution by the measured concentration of the COPC in the
100% undiluted surface water sample. This resulting “observed LCs, concentration” is then
compared to the reported (expected) LC,, identified from the literature. If the expected LC,, is
higher than the observed LCy, concentration then that COPC is not identified as a contributor to
toxicity. If the expected LC50 is lower than the observed LC,, concentration then the COPC
might be a contributor to the observed toxicity. The results of this analyses are presented in
Table 5-10. Inspection of this table yields the following observations:

’ The concentrations of calcium, cadmium, magnesium, nickel, selenium, sodium, and
TDS estimated in the Strawberry Creek surface water causing 50% mortality to the
fathead minnow are all lower than respective concentrations known to cause 50%
mortality. The toxicity of the sample(s) is not explained by any one of these COPCs.

. Cobalt, manganese, and sulfate are identified as possible contributors to toxicity.
Respective estimated concentrations of these COPCs in surface water samples associated
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with 50% mortality are higher than respective concentrations known to cause 50%
mortality.

The toxicity of the Strawberry Creek surface water samples represents the effects of the mixture
of COPCs including possible antagonistic, synergistic and/or additive effects between individual
components. The toxicity of the mixture is represented directly by the measured results of tests
with the surface water samples but may not be well represented by the individual single-
compound results. In other words, our comparison of single contaminant LC,, values may not be
a good measure of the overall toxicity. In making these comparisons it is assumed that the single
contaminant (COPC) is the sole cause of toxicity and it’s toxicity is not affected by other
constituents (COPCs). Interpretation of the cause of toxicity is also confounded by the following
factors:

. The analyses of the COPCs in the test water samples represents the state of the sample at
the time of collection and may not represent the actual exposure conditions in the test
beakers after manipulatton in the laboratory.

. Toxicity could be associated with an constituent or multiple constituents that were not
analyzed for in the test samples.

Toxicity could be associated with an atypical ion ratio in combination with increased salinity.
The reported toxicity of TDS (salinity) to the fathead minnow has an underlying or typical ion
ratio (that used for the tests). If the ion ratio in site waters (Strawberry Creek) are not
comparable to this underlying ratio, then the TDS toxicity value used (in Table 5-10) may not be
a good indicator of site-specific toxicity of the ion ratio present. To examine this possibility, the
ion concentrations in the waters used for the toxicity tests to determine an acute toxicity
threshold for salinity (TDS) for fathead minnows (Ingersoll et al., 1992} are provided in the
following table. In comparison to these control waters, the surface water samples from
Strawberry Creek are elevated with respect to sulfate, manganese and magnesium. Elevated
levels of sulfate in saline water are reportedly stressful to the fathead minnow (Ingersoll et al.,
1992). Sulfate concentrations in Strawberry Creek are almost four times higher than that found
in the reconstituted control waters used for the toxicity testing.to establish the salinity acute
toxicity threshold for the fathead minnow. Manganese concentrations in Strawberry Creek
samples are two to three orders magnitude higher compared to the test water ratio.
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Waters Used for Toxicity Testing to Establish
Analyte Strawberry Creek Acute Toxicity Range for Salinity for Fathead
Samples for Toxicity Minnows and Daphnids (8-10 g/L Salinity)
Testing (Range) (Ingersofl et al., 1992)
5g/L 12 g/L 22 g/L

Salinity Salinity Salinity
pH 6.81 0 7.86 83 8.3 8.2
Alkalinity (mg/L) 10ta 58 140 140 146
Hardness (mg/L) 904 to 1,256 1,250 2,550 4,000
Conductivity (umhos/cm) 2,979 to 9,021 9,000 20,800 34,000
Sulfate (mg/L) 3,656 to 4,561 446 998 1,750
Chloride {mg/L) not analyzed 3,900 6,920 12,600
As (mg/L) 0.040 <0.04 <0.4 <0.2
Ca (mg/L) 216 to 360 111 150 271
Cd (mg/L) 0.002 to 0.0476 <0.003 <0.03 <0.01
Cu (mg/L) 0.032 to 0.046 <0.028 <0.03 <0.01
Mg (mg/L) 270w 717 181 412 748
Mn (mg/L) 0.216 ¢o 2.1 <0.01 <0.10 0.05
K (mg/L) 2.97t04.6 57 130 280
Na (mg/L) 716 to 1,309 1,470 3,390 6,990
Zn (mg/L) 0.0246 to 0.562 0.14 0.12 0.29

In order to develop a tool for assessing major ion toxicity, Mount et al. {(1997) performed a series
of acute toxicity tests with three freshwater species on solutions eariched with varying
combinations of major ions. Results of these tests were incorporated into multivariate logistic
regression models that predict survival of the three test species based on major ion
concentrations. The predictive model for the fathead minnow is presented in Figure 5-31 along
with the predicted versus observed toxicity for Strawberry Creek surface water samples. The
predictive toxicity for Strawberry Creek associated with TDS components is much less than that
observed. This comparison infers that toxicity observed for the water samples cannot be
explained by TDS alone and clearly indicates the presence of another toxicant(s). As previously
stated, toxicity may be caused by constituents(s) that were not analyzed for in the surface water
samples. Historic use of polymers (surfactants) has been documented for the waste water
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treatment system prior to discharge to Strawberry Creek (Figure 5-32). These organic chemicals
are a possible cause of the observed toxicity in surface water samples..

It is not possible to confirm the exact cause of toxicity. To confirm a specific cause(s) or to
ensure that future discharges of treated effluent are not toxic, site-specific toxicity testing is
recommended in addition to monitoring for COPC concentrations and water quality parameters.

5.4.2 Risks from Sediments
Three lines of evidence are available to evaluate risks from sediments to benthic organisms.

The findings from the lines of evidence are summarized below.

Line of Evidence Findings

HQ Calculations For Strawberry Creek, risks are categorized as severe for benthic organisms
exposed to cadmium, copper, lead and zinc in sediment. Risks associated with
silver are high and for aluminum and manganese are moderate.

For Hoodoo Gulch, risks are categorized as severe for benthic organisms
exposed to cadmium, copper, lead, silver, and zinc. Risks associated with
manganese are moderate,

For Ruby Gulch, risks are categorized as high for benthic organisms exposed
to copper. Risks associated with copper are moderate.

For Bear Butte Creek (downstream) risks are categorized as severe for benthic
organisms exposed to cadmium, copper, and zinc. Risks associated with lead
and silver are high.

Direct Toxicity Testing For Strawberry Creek, very high toxicity was observed in sediment toxicity
testing. Survival of H. azteca was very low ranging from 6 to 30% compared
to 70 to 100% in controls (September 2000). Very high toxicity was also
observed in samples collected almost a year later (October 2001) (Table 5-5).

For Bear Butte creek, toxicity was not observed in the sediment toxicity
testing.

Population Observations For Strawberry Creek, the benthic macroinvertebrate community is severely or
Benthic Community Structure moderately impaired compared to reference stations (Figure 5-28).

For Bear Butte Creek, the benthic macroinvertebrate community is slightly

impaired relative to reference stations (Figure 5-28).

In summary, based on a weight of evidence approach, it is concluded that COPCs in sediments
are adversely impacting benthic organisms in Strawberry Creek. For downstream Bear Butte
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