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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

On behalf oUtah Department of Environmental QualityDEQ), ascreening levedcological risk
assessmenS(ERA) wascompletedor theSan Juan RiveiSIR)from the border with Colorado to
Lake Powelto evaluate potentiagcological riskgrom the Gold King Mind GKM) spill of August
2015 in surface waters and sedimemntss SLERArepresents Stepsahd2 in the Ecological Risk
AssessmenERA) processl{nited States Environmental Protection Ageifid¢$EPA] 1997). Stes

1 and 2 of the ERArocessserve as amitial screening designed tmnservativelyestimate the
likelihood of ecological riskThe SLERA evaluéed potential exposure @KM constituers to
lower-trophic level organisms includirfgsh andinvertebrates via a direct toxicity comparison of
constituentoncentrations totah Water Quality Standards ditdraturebasedecological screening
values(ESVs). Uppertrophic level organism#ncludingamphibiansaquatiedependenbirds and
mammals were evaluated withf@od webanalysis that relates measured concentration to daily
dosage due to bioaccumulation from ingestirtotal of 28 surface water catituents an®5

sedimentonstituents were screened in tBIERA.

The available data was evaluated based on the timing of the GKM plume eblaifing the

SJR (USEPA 2017According to USEPA £017) fateand transporanalysis, the GKM plume
enteredJtahin the SJR on August 8, 201Surface water and sediment data on or before August
8, 2015 was considered pspill and data after August 8, 2015 was consideredgoit Both

sets of data were evaluated in the SLERA to determine 1) risk associttestiniace water and
sediment prior to the GKM spill enterifgtahand 2) the degree to which the risk increased due
to the GKM spill. The firsttwo steps of the ERA process are inherently conservatisedial
minimizing risk.If a constituent is not figged as having potentiask during Step 1 or 2 of the
EPASLERA process, theit is removed from any further evaluations due to the

conservativeness of Steps 1 and 2.

Step 1 of theSLERA compars study aregre-spill and postspill constituentconcentréions in
sediment and surface wateestablished ecological screening valleSYs for sediment and Utah
water quality standards for surface walkthe ratioof theexposure pointoncentratiofEPC) or

the maximum measured media concentratiothe ESV exceeded 1.0 thethat constituentvas

viii



EXECUTIVE SUMMARY

identified as a constituent of potential concern (CORZDnstituents lacking ESVs were also
retained as COPCgdhe Step 1 analysis is conservafivieerefore all constituents that may
potentially present riskotecological receptors are includdde postspill results of the Step 1
analysis resulted in the identificationtbe dissolved fraction ofdlsurface water COPCthe total
fraction of1 surface water CORCand2 sediment COPCs that were further easdal in Step 2.
Surface water COPGscluded: aluminungAl), barium(Ba), beryllium(Be), calcium(Ca), cobalt
(Co), copper(Cu), iron (Fe) lead (Pb) magnesium(Mg), manganes€Mn), mercury (Hg),
nitrate/nitriténitrogenN (NOs',NO> asN), silver(Ag), strontium(Sr), vanadiun{V), and zing¢Zn).
Sediment COPCs includ&handSr.

In Step 2 of the ERA procedset lowertrophic level receptorsf concern (ROG)which include
aquatic water column communities of figtguaticinvertebrats, and aquatic plas, werefurther
evaluatedecause these biota are sensitive to COBSEPA 2008 In addition Step 2 of the ERA
process examined the potential risiC&@PCs identified in Steptd uppertrophic receptor species
using COPC concentrations measured ie study areaUppertrophic level ROCs such as
mammas, birds and amphibiansare physiologically susceptible @OPCtoxicity and therefore
wereexamined in Step 2 of the ERA procddpper trophic receptors ed inStep 2of theanalyss
were indicatorspecies for which appropriate data exist and they repreltéatent types of
mammas, birds and amphibianthat could inhabit the study ardZioaccumulation oCOPG by
uppertrophic level organisis and by the food they ingeghasexaminedisingastardardfood web
modelfor Step 2 analysg®§)SEPA 1997a)This modeluses maximumsediment andurface water
concentrations, as well as other conservdteel webinputs (i.e. high food ingestion ratehigh

habitat usage factor) tharacterie potentialriskto biota due tsurface wateor sedimenCOPG.

Using the maximum measured concentragmiithe COPCs identified in Step 1 for the entire BUR
Utah Al, Ba, Co, Cu, Pb, Hg, thallium(Tl), V, andZn were identified as posing potential risk in
Step 2due to a Hazar@Quotient (HQ)greater than 1.Qcalculated dosage divided by toxicity

reference valubasel on the No Observed Adverse Effect Level)
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Table ES1. Summary of Number of COPCs Retained in Step 2 of EPA's ERA Process for the
PostSpill Analysisbased on HQ greater than 1

PostGKM PostGKM PostGKM PostGKM PostGKM PostGKM PreGKM
Spill Site 4954000| Site 4953990| Site 4953250| Site 4953000 Site 4952942 Spill
Media Receptor COPCs COPCs
Identified Identified
by ROC by ROC
Surface Aquatic Water 15 12 10 9 8 5 2*
Water column Communities
including Fish
Raccoon 5 4 5 4 4 4 5
Muskrat 4 4 4 4 4 4 4
Mink 7 7 6 5 4 5 6
Mallard Duck 3 3 3 2 2 3 3
Belted Kingfisher 4 4 3 2 2 2 4
Great Blue Heron 4 4 3 2 2 2 4
Bullfrog 7 7 6 6 5 3 6
Sediment | Benthic 2 2 2 2 2 2 1
Invertebrate\quatic
Plants
Raccoon 1 1 1 1 1 1 1
Muskrat 1 1 1 1 1 1 1
Mink 1 1 1 1 1 1 1
Mallard Duck 1 1 1 1 1 1 1
Belted Kingfisher 1 1 1 1 1 1 1
Great Blue Heron 1 1 1 1 1 1 1
Bullfrog 1 1 1 1 1 1 1

*many of he constituents associated with the GKM spill and measuregpitistvere not measure prior to the spill.

As a standard component of the ERA process, an evaluation of the potential unceataghties

data gapsurrounding the Step 1 and 2 SLERA was catgul.Results of the Step 2 analyses

should be treated with caution as there are many uncertainties and conservative assumptions that
were not addressed using the screening-teeld modelThe review of the surface water and

sediment data provided by UDERicated two major areas of data gaps: inadequate surface

water or sediment data for screening for sesam@pling locationand lack of robustness in the

pre-spill sediment dataCertainsampling locationgcluding 4953940 SRJ above Lake Powell

lacked ful analysis of all chemicals of potential concern, thus surface water and sediment

concentratioawere unable to be screenddhe background sediment data was limited to one
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pre-spill sampling effort collected on August 8, 2015 just before the Gold King lume

entered UtahAs sediment concentrations are not expected to potentially change as often as
surface water concentrations, the lack of more than one sampling effort may not have limited the
temporal analysis of the potential background sedimenetdrations present in the SJR but the
limited spatial distribution of the sediment samples may lead to an@van undeestimation

of the maximum background sediment concentratioterms of other conservative
assumptionssimplistic boaccumulatiorformulae areused in Step B provide a conservative
estimate of risk tapper trophic level organisnfise., top predators)ia feedingor contactwith

COPG.

The next step in the USEPA ERA process would be a baseline ERA (BERA) and would include
refinenments to the food welmodel including potentiadreaspecificfactors.A BERA is

recommended for this study area to help address the uncertainties using more realistic
information regarding likely receptor exposureX0PG. A BERA will address uncertainse
regarding receptors and their exposure by includnegspecific receptors of concern and a more
thorough spatial evaluation of surface water/sedir@&®Cconcentrations within the study
area.The progression through further steps of the ERA processés the risk assessment on

the study area and determines if the risk potential is likely to be signifiadings of

significant risk in the BERA would help focus remediation strategies by developing appropriate
cleanup goals and providing an evalaatof the extent of the study area that G&PC

concentratioaabove those goals.

Xi



SECTION 1

1 INTRODUCTION

On behalf ofUtah Department of Environmental Quality (DEEQScreening Level Ecological Risk
Assessment (SLERA) was completiadl the San Juan River and LakPowellwith respect to
potential ecological impact from the Gold King Mi{@&KM) spill in August 201%Figure J. During

an EPA removal assessment on August 5, 2015, approximately three million gallons of acid mine
water containing mine waste sedimentsl dieavy metals was released into Cement Creek, a
tributary of the Animas River. The release flowed downstream as an araloged plume that
became diluted as the Animas River joined the San Juan River by water releases from the Navajo
Lake Dam (USEPA016a).

This report presents the purpose, methods, and resthis SEERA, which includeSters 1 and2

o f E PcAl@ggal Risk Assessment (ERpocess (USEPA 1998yigure 2) TheSLERASserves

as ascreeningwhich isdesigned to conservatively estiméte potential of ecological risk the

SJRdue to the release obnstituentsn the GKMspill. The SLERA was completed accordance

with the United States Environmental Protection Agency (USEPA) guidance for ERA under the
Comprehensive Environmental $g®nse, Compensation and Liability Act (CERCLA) (USEPA

1997) and the USEPAOGs | atest guidance (USEPA 19

The San Juan River flows from the Colorado border in southeastittabrminates in Lake Powell
atthe Arizona border in the south central partod the stateThe San Juan River flows through San
Juan county Utah and is surrounded by shrub lands, deserts and foredtigoeadl) Other land
used in the surrounding area include agriculture, mining, and residential develdpomstituents
from the GKM release flowed into the Animas River, and then into the San JuarBRsest on

U S E P R@Lgfate and transport analysisport(Analysis of the Transport and Fate of Metals
Released from the Gold King Minen ithe Animas and San Juan River,
www.epa.gov/goldkingmine/fatéransportanalysis), the GKM plume in the SJR entered Utah on
August 8, 2015 and continued in the SJR above Lake Powell until August 14 TA@lknown
composition of the potential contaminants in the GKM plume were included iPWS&s 2017
report.The identifiedconstituentsn the GKM spillincludedAl, antimony(Sb), arsenidAs), Ba,

Be, cadmium(Cd), Ca chromium,Co, Cu, Fe Ph Mg, manganeséMn), Hg, molybdenunm(Mo),
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nickel (Ni), potassium(K), selenium(Se) Ag, sodium(Na), thallium (Tl), V, Zn, sulfate(SQs%,
chloride(CI), fluoride(F), andNOz,NO> as N This SLERA evaluated these COHGthe surface
waters and sediments of thatire Utah portion of th&JR prior to and after the presence of the
GKM plume to deternme if there was amcreased level of riskssociateavith the GKMrelease
Risks were also evaluated in association with &léksampling location from the Colorado border

to Lake Powell.

The SLERA applies relatively conservative assumptions to ewalieg potential risks to a wide
range of relevant recepto#s finding of potential risk in this SLERA does not necessarily indicate
actual risks to biotaSuch a result may necessitate further evaluation and uaeeadpecific
exposure data to addresstiinthe uncertainties resulting from the default conservative assumptions
used to evaluate risk and to develop a more accurate assessment@iveskthe conservative
assumptions used in the SLERA a finding of little or no potential foindikatesthat ecological
systemsn the SJR ee unlikely to be adversely affected by constituents present sethmens or
surface waterScientific Management Decision Points (SMDP) are built into the SLpR&ess
(USEPA 199%) to help determine if data are 8aient to make a risk decisiofthe decision to
proceed to additional ERA steps is part of risk managearahtcould include refining the risk

assessment in a BERA
1.1  Objectivesof Ecological Risk Assessment

The overall objective of the ERA approachtasidentify and characterize current and potential
threats to the environmenbf constituentsn the study areand to identify cleanup levels that

would protect those natural resources from (iSgure 2) The functions of the ERA are to:
1) Document wiether actual or potential ecological risks exist;
2) Identify which contaminants pose an ecological risk; and

3) Generate data to hesed in evaluating cleanup options.
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The guidance documentsferenced belowvere developed for Superfund sisesdthe processsi
applicableto the GKM spill since it has become part of the Bonita Peak mining district Superfund

site This ERA incorporates the latest available guidance and concepts on ERA, including:

1 Ecological Risk Assessment Guidance for Superfund: Process fignibgsand Conducting
Ecological Risk Assessme(tsSEPA1997);

9 Guidelines for Ecological Risk AssessmgHEPA 1998)

9 Issuance of Final Guidance: Ecological Risk Assessment and Risk Management Principles for
Superfund Site@JSEPA 199%); and

9 Guidance ér Developing Ecological Soil Screening Ley@ISEPA 2005%.

This SLERA, conduckdfor constituens in the San Juan River and Lake Powell due to the Gold
King Mine spill, comprises the firdstvostepsof h e U SHRRpXatessAs applied tahestudy
areg, the SLERA consised of the followingstrategy

1. Develop an initial conceptual model including biotic receptors and potential exposure

pathwayselevant in the SJR and Lake Powell

2. Conduct a screenimyf measurea@onstituenconcentrationselative tocorservative,

default ecological screening valugsSVs)

3. Conductsimplistic, conservativebod-web modeling/analysi®r uppertrophic level
ROCs that represent potential biota that may use the ecological habitats of the SJR

and Lake Powell

4. Determine ifasignificant risk potentially exists using conservatesgosure

assumptions; and

5. Identify risk drivers thamaybe further evaluated in subsequsieps (Phase df the
BERA).
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1.2  Report Organization

This SLERA Report is organized fwesent in logical mgressiorthe methods, assumptions, and

conclusions used to completéstBLERA. This SLERA Report is organized as follows:

1 Section 1.0 Introduction.Provides descriptions of the ERA Process as well aSdhe

Juan River and Lake Powsliudy areaand aitlines the report organization.

1 Section 2.0i Problem Formulatiorand Ecological Effects EvaluatioDescribes the
environmental setting of thetudy areasummarizes the available analytical data, and

develops the preliminary conceptgék model.

1 Secton 3.01 Step 1 COPC ScreebDescribes the development of COPCs by screening

constituents againsstablished ecological screening values.

91 Section 4.0 Step 2 Ecological Risk Assessméhescribes the methods and results of the
assessment of ecologicatki based ora simplisticfoodweb model using indicator

receptors of concermndconservative modelssumptioa

T Section5.07 UncertaintiesAssociatedvith the Step 2 ERAldentifies and discusses the
sources of uncertainty in the ERA and evaluatesplodantial impacts onsk potentiain

thestudy area

1 Section6.01 Ecological Risk Summarpummarizes the conclusions of the ERA for Steps
1l and2.

1 Section 7.0 Recommendationfiscusses critical factodsiving thecalculatedisk and

recommendtions on next steps.

1 Section8.017 Referenced.ists all references cited in the report.
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2 PROBLEM FORMULA TION AND ECOLOGICAL EFFECTS EVALUATION

The problem formulation represents the scoping stageBRA. In this step, existing information
was examined, ROswereidentified, a conceptualite model(CSM) wasdeveloped to identify
potential exposure pathways, and preliminary assessment and measurement emagpeints
identified. Ultimately, the problem formulation generates hypotheses regardpagts from he
GKM spill to the environmeniThese hypothesageretested by collecting information during the
analysis phasé&he ecological significance of the reswitgsevaluated during risk characterization.
The following specific elements are addresseth@problem formulation and ecological effects

evaluation, an@rediscussed in detail below:

1 Environmental setting of th&JR

1 Development of £SM,;

1 Selection of ROCs

1 Potential exposure mechanismsd

1 Assignment of assessment and measurement endpoints
2.1  Environmental Setting

The San Juan River is approximately 616 km long and drains an area of about 64,000 km
(Ramboll 2016). It is a major tributary of the Colorado River in the Upper Colorado River Basin.
The river originates in the San Juan Mountainsoafthwestern Colorado, which are chiefly
composed of Tertiary age rocks (lorns et al. 1965). The soils in the SJR Basin have been
principally developed by weathering of the underlying rocks. Because of the arid climate in the
ecoregion, the soils are popdeveloped and retain many of the geochemical characteristics of
the parent rocks (Abell 1994). The SJR flows from the headwaters in the San Juan Mountains
southwesterly into New Mexico northeast of Farmington, turns northwest and enters Utah after
cutting across the southwest corner of Colorado. The area for this study encompasses the river

segment that flows from the Ut&olorado state line westerly to empty into Lake Powell (Meyer
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and Moretti 1988).

The study area is located in San Juan County whkigihthe southeastern portion of Utah within
the Colorado Plateal®vel Il ecoregion The Colorado Plateaus ecoregion consists of uplifted,
eroded, and deeply dissected tableland. The cliffs, canyons, salt valleys, mesas, benches, and
buttes are formeadhiand underlain by thick layers of sedimentary rock. The higher elevations of
the ecoregion are dominated by extengingperpinyon woodland and saltbugjnreasewood and
brackbrush communities are common at lower elevations. Warm season grasses aexlsappor
the Colorado Plateaus by summer moisture from thunderstorms, leading to the occurrence of
endemic plants and high species diversity. This ecoregion is also home to several national parks
and major oil and gas fields. From the border of Utah andr@adato Lake Powell, the SJR

flows through arid canyonlands that are adjacent to semiarid benchlands and canyonlands, as
well as sand deserts (Woods et al., 2001).Jewel IV ecoregions of the Colorado Plateaus are
depicted in Figur@ andthe thred_evd IV ecoregions most closely associated with the San Juan

River aredescribed below

Arid Canyonlands Ecoregion.The SJR segment from the border of Colorado and Utah to Lake
Powell flows through the arid canyonlands ecoregion of the Colorado Plateauscdneigion

includes the inner gorge of the Colorado River and its major tributaries, including the SJR. It is
bounded by nearly vertical, canyon walls which separate the arid canyonlands from the higher,
adjacent benchlands. The elevations in this ecanaginge from approximately 3,200 to 5,000

feet. The soils of the arid canyonlands are shallower and contain less moisture than those of the
adjacent ecoregions within the Colorado Plateaus, consistargisbls andaridisols (Woods et

al., 2001). Blackhrsh, shadscale, and drought tolerant grasses including Indian ricegrass and
galleta occur here. Exposed bedrock is also common in the arid canyonlands. Average annual
rainfall in the arid canyonlands ranges from about 5 to 8 inches, with the lowest aount
precipitation occurring in the deepest canyons. The arid canyonlands ecoregion has mild winters,
with minimum and maximum mean January temperatures of 16 and 48 degrees Faliignheit
respectively. The minimum and maximum mean July temperatures arel@®0 degrees

Fahrenheit, respectively. Land use in the arid canyonlands consists of recreation, grazing, and
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habitat for wildlife. In the salt valleys near the city of Moab, land use is dominated by cropland
and residential development, while the soa#ites known for oil production (Woods et al.,
2001).

Semiarid Benchlands and Canyonland&coregion The arid canyonlands through which the

SJR flows are bordered by the adjacent semiarid benchlands and canyostangsion whichis
characterized by beal grass, shrub, and woodlarovered benches and mesas. The elevations of
this ecoregion are higher than those of the arid canyonlands and range from about 5,000 to 7,000
feet (Woods et al., 2001). Bedrock exposures are common along escarpments, retegmdib

slopes. Soils are mostly Entisols, which are deep eolian soils composed of fine sand. These soils
support warm season grasses, Mormon tea, winterfatwimgy saltbush, and sagebrush.

Additionally, fire suppression and erosion has allowed pirggad juniper woodland to expand

beyond its original range in this ecoregion. Semiarid benchlands and canyonlands receive
approximately 8 to 14 inches of annual precipitation. The minimum and maximum mean
temperatures in January for this ecoregion areddddrdegrees Fahrenheit, respectively, and
minimum and maximum mean July temperatures are 50 and 64 degrees, respectively. Land use in
the semiarid benchlands and canyonlands is mostly woodland grazing and recreation, with some

uranium mining, uranium pressing, and oil production (Woods et al., 2001).

Sand Desert EcoregionThe sand desert ecoregialsowithin the SIRvatershedSand deserts

are nearly level and contain shifting dunes, exposed sandstone bedrock, and a mantle of eolian
deposits. The elations reach approximately 4,000 to 6,000 feet. Entisolsvahidols are

common, which are sandy soils with low capacity for holding water. The moisture regime is drier
than in the semiarid benchlands and canyonlam$ consists adpproximately 5 to &ches of

annual precipitation (Woods et al., 2001). Vegetation is also sparser in sand deserts. Shifting
sand is mostly devoid of vegetation while soils on stable sand blankets support-tintarght

plants, which include sand dropseed, Indian ricegnascca, and blackbrush. The minimum and
maximum mean January temperatures in this ecoregion are 10 and 48 degrees Fahrenheit,
respectively, with minimum and maximum mean July temperatures of 92 and 96 degrees

Fahrenheit, respectively. Land use in thisregion consists of limited grazing. Additionally,
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some irrigated hay and grain is grown for local cattle and sheep. Carrying capacity for wildlife in

the sand deserts is low, and oil and gas production occurs in the southeast (Woods et al., 2001).
2.11 Threatened and/or Endangered Species

The following sections based ornformation obtained from the U.S. Fish and Wildlife Service
(USFWS) , the Utah Natur al Heritage Programoés
(BIOTICS), and the 2005 San Juaounty, Utah Resource Assessment. Data obtained from USFWS
was in the form of an automatically generated list of species under the USFWS jurisdiction that are
known or expected to be on or near thtah portion of the SJRased on the known or expected

range of each species. When taking all of the sources into consideration, there are potentially twenty
four federally listed threatened or endangered species that may occupy terrestrial or freshwater
habitats near the study area. These include six mammpegares, five bird species, one reptilian

species, seven fish species, and five flowering plant species.

A list of species that are known or expected to be on or ne&JRare presented in Table
Because species can move, arebhconditions can chargthe species on this list are not guaranteed

to be found on or near tI®&IR
2.1.2 Land Uses Surrounding the San Juan River in Utah

San Juan County is the largest county in Utah and the second largest in the United States with
approximately 5.2 millionees. It is located in the soudfastern portion of Utah within the
Colorado Plateau along the Arizgizoloradg and New Mexicdorders. The county is

dominated by desert shrub and barren rangeland, accounting for approximately 3 million total
acres, or bout 58percenof the total area. Another 3frcentof the land is covered by forest.

The remaining land in San Juan County is used for grain crops, the Conservation Reserve
Program, grass, pasture, and hay lands, orchards and vineyards, row crogm@reciariety of

field and vegetable crops), and developmantery small portiorof the county0.09%)consists

of urban land uses within metropolitan areas, @@dpercenof the county is covered with water.

The land cover and land usempositionfor San Juan County is presented in Table 2.
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General observations for land use were reported by the 2005 San Juan County, Utah Resource
Assessment, including observed complications and problems. For grass, pasture, and hay lands,
complications include pogpasture condition, water quality issues, and soil compaction due to
overgrazing. Additionally, invasive and noxious plants were reported as an increasing problem. For
orchards and vineyards, reported issues included the need to control erosion andvatetdnt
managing residue, nutrients, and pests. Issues on privaiadostrial forest include erosion, degraded

water quality and forest productivity.
2.2  Conceptual Site Modelfor Ecological Risk Assessment

The conceptuaitemodel is designed toaltjrammatically andisuallyrelatethe exposure akceptor
populationsto potential source areas based upon physical characteristics and potential exposure
pathwayspresent in the SIRmportant components of t&SM are the identification of potential

saurces (both GKM spill-related sourceand norRGKM spill-related sources), transport pathways,
exposure media, exposure pathways and routes, and receptor groups. Actual or potential exposures of
ecological receptors associated witle GKM spill are determned by identifying the most likely

pathways of contaminant release and transport.

A complete exposure pathway has three components: (1) a source of chemicals (stressors) that results in
a release to the environment; (2) a pathway of chemical transpoigtihea environmental medium;

and (3) an exposure or contact paietween the affected medium amdecological receptor. The main
objective of theCSM in the SLERA is to identify complete and potentially significant exposure

pathways that may be present.

Concentration®f metals and other inorganic constituemése been detected surface wateand
sediment samplessociated with the GKM plume entering Utah in August 281tBough inorganics
tend to sorb to solids and precipitate into the sedimamsotthé@ potentially highwater solubility
some inorganicsay have higleoncentratiosin surface watei herefore, surface watend sediment

areassumed to bapotentiallysignificantpathway of exposurd&he CSM and other aspects of this
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SLERA foais oninorganics in surface waters asddimentsThe following sections address the

various aspects of the CSM depicted in Figure
2.2.1 Fate and Transport Mechanisms

During the problem formulation step of th&& process, assumptioase madeabout the
potential for contaminants to migrate. To support these assumptions, the risk assessment
identifiesall potential contaminant migration pathways (for example, surface water runoff,
erosion, etc.)This informationis used to complete tf@SM to document ad illustratewhat
migration pathwaysequire further assessmelmorganics, primarily metalsye themajority
contaminants identified in association with tBEM releaseU S E P f£2015a) reportAnalysis
of the Transport and Fate of Metals Released fitoenGold King Mine in the Animas and San
Juan Riversdentified the constituents that compristhe GKM releas¢shown inTable 3 and

this information was used to selednstituents to be assessetha SLERA.

The fate and transport properties of thetal constituents in the releaaee highly variable.
Mercury, may be slightly volatile at normal atmospheric conditions in elemental form or in its
variety of organic forms (e.g., methylmercury, ethylmercury, atéhereas, rast other metals

are presentithe environment as newolatile species in combination with a variety of anions

(e.g., sulfate, chloride, nitrate, phosphate, silicate, etc.).

Adsorptionand desorptionf metal species to sediments can occur by one of several complex
processes and igwitrolled and driven by the physical and chemical properties of both the metal
species and the sedimerh general, low pH of the sediment increases mobility of inorganics
(USEPA, 2000)Some metals are strongly adsorbed to inorganic materials while aith&orb to
organic matterand somelo not adsorb to sedimefithe tendency to adsorb sedimenrd

significantlyaffects the movement of metdisther downstream

Several metals are known to be bioaccumulative. Of the metals ideasfiedstituentsCd, Cr
(specifically the hexavalef@r), Cu, Pb, Hg (specificallymethylHg), Ni, Se Ag, andZn are
suspected of potential bioaccumulation (USEPA, 200D8¢. bioaccumulative forms &r and

Hg (hexavalenCr andmethyl Hg were not analyzed for in sampleom the SJR.

1C
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2.22 Sourcesof Inorganic Constituents

In addition to historic and current mining operations, otleéemtial sources of inorganics in the
environment may include hydraulic fracturing, centralized waste treatment facilities for oil and
gaswastewater, codired electric power generating stations, , natural oil seepage, industrial
manufacturing facilities, publicly owned treatment plants that treat municipal sewage, and
industrial facility sewage treatment plants (USEPA 2015). In the SJR, li@igation and

mineral extraction, processing, and use have been identified as major sources of contamination.
Oil, natural gas, coal operations, mining and milling have been historically important when

considering the input of inorganic materials 6ip1994).

Along the SJR, changes in the inundation patterns of riparian areas and declines in flood periods
have caused contaminants in irrigation settling ponds to enter the river. Contaminant
concentration has bea@mcreasedy evaporation from therigation ponds and decreased

scouring of riparian areas caused by the lack of flooding. The San Juan Basin is naturally highly
seleniferous, which exacerbates the situation and leads to concentrations of selenium in the

irrigation ponds that may be dangesao wildlife (Chischilly, 1993). Additionally, United States

Geol ogi cal Survey (USGS) studies in the 19906

concentrations were common in the SJR basin following storms and spring snowmelt because of
ongoing acid minerainage contamination from the high density of abandoned inactive mines in
the headwaters (USEPA, 20960ther possible contributors to metal loads in the SJR include
naturalinputs from downstreamifferences in geology and sediments, permitted digehgy and

historic ore processing facilities (USEPA, 20).6

There are several inactive and abandoned mines that exist withirnailem@adius of the

Animas River headwaters, including the Upper Gold King, Sunnyside Mine/American Tunnel,
Grand Mogul, Mogl, Red and Bonita, Eveline, Henrietta, Joe and John, and Lark mines. Flows
of acid mine drainage between 20 and 300 gallons per minute (gpm) have been known to enter
Cement Creek from some of these mines and eventually reach the Animas River. Elevated
corcentrations of heavy metals due to acid rock/mine drainage have thus been reported in the

Animas River and many of its tributaries. This occurs through both naturally mineralized sources

11
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and mining activities. Downstream portions of the Animas River, dnctuthe San Juan River
and Lake Powell, can be affected by the elevated concentrations of hazardous substances
(USEPA Action Memorandum).

The constituerg selected may not accurately determine the proportion of risk directly attributable to
the GKM releae because theoncentration that receptors are exposed to oEBE may also
include contributions from historic and ongoing releases fotimer sources ithe Bonita Peak
Mining District, other unidentified sources of &tituentsto the SJRand natual sources of
constituents The uncertainties inherent with tleenstituentselection will be discusseat the

conclusion of theisk assessment.
2.3  Receptors of Concern

In addition to direct contact witurface wateor sedimentbiota may be exposedd¢onstituentsn
the study area that asequestered ifood itemsvia incorporation into the food webhrough the
process of trophic transfer, biota can sen&oasce materidbr transporbf constituentsip the food

chain,exposng higherlevel animds via ingestion.

As discussed in Section 2.2etpartitioning of inorganics teediment and solubility in surface
waters indicates thabrganisms whose food chains are linked to contamirmtddce watersr
sedimentgthroughsurface water or sedimebiotg will have greater exposure than thosganisms

with food chains linked tasoils due to the lack of impact from the GK#&pill on the soils
surrounding the San Juan Rivér addition,data indicate thaaquaticplants likewise ardoth
sensitiveto inorganis, but may also bioconcentrate inorganics for uptake by herbivorous upper

trophic level receptors

As noted in Section 2.2 and Figutecomplete exposure pathwagsist for surface water and
sediment in the study areBrom these environmerntanedia, COPCscould bioaccumulate in
organismghat may be eaten by other consume&hsis, exposure pathways and routes outlined in

Figure3that are examined in this SLERA include:

12
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Protection of aquatic organisms that live in the water coloftime SanJuan River and
Lake Powelby determining thatonstituent$n surface water do not have adverse direct

toxicity effects on survivaandgrowth.

Protection of benthic organismscluding invertebrates and plartsat live in the
sediment of the San JuanvBr and Lake Powell by determining thainstituens in

sediment do not have adverse direct toxicity effects on suramdgrowth.

Protection of birds, represented by thallard duck; the great blue heron; and the belted
kingfisher,by determining thahgestion ottonstituensin food items, surface water and
sediment do not have unacceptable adverse impacts on survival, growth and reproduction

of higher trophic levels.

Protection of mammals, represented byrdezoon muskrat, and minky determining
that ingestion otonstituentsn food items, surface water, asddimentdo not have
unacceptable adverse impacts on survival, growth and reproduction of higher trophic

levels.

Protection of amphibians, represented byAneerican bullfrog by determinig that
ingestion ofconstituentsin food items, surface water, and sediment do not have
unacceptable adverse impacts on survival, growth and reproduction of higher trophic

levels.

Indicator Receptors d Concern

Ecological ROCsised in the SLERAretypically indicator or surrogatgecieshat are intended to

represenguilds of species that are important to the ecology ofsthdy areaand that may be

susceptible tinorganics These surrogate species use similar resources such as food or hawbitats a

those species they are intended to represent (USEPA 1B8d&)gical ROCs can be classified into

three broad categories: (1) ecologically important, (2) of recreational or commercial importance, and

(3) threatened and endangered speEieslogically mportant species include species characteristic

of certain trophic levels (e.g., primary producers, herbivores, carnivores) or species that provide a

13
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keystone role in terms of the structure or function of a given ecosystgmprairie dogsppecies
reaeationally important for hunting or fishing include for example, trout or déweatened and
endangered species are thptants and animal speciésted for special protectiomy both the

Federal anfbr State governmen

Speciesspecific attributegonsidered in identifyingcological ROCésor this SLERAInclude the

following:
o0 Are known to occur, or are likely to occur, in the study area;
0 Have a patrticular ecological, economic, or aesthetic value;
0 Are representativef the food web and/or guild (asfaed below)

o0 Are representative of taxonomic groups, life history traits, and/or trophic levels in the

habitats for which complete exposure pathways are likely to exist;

o Can be expected to represent potentially sensitive populations because of toxtologic

sensitivity or potential exposure magnitude; and
o Have sufficient ecotoxicological information available on which to base an assessment.

The last criterion listed above is critical to the SLERA because risk analyses require a number of
specific parametsrfor a given species in order to calculate potential food web exposure as shown in
Section 4Typically, such information is lacking for threatened and endangered species or species
indigenous to a areatherefore requiring the use of indicator or suategspecies for which such

data are available.

Given the physicehemical properties of inorganics discussed in Section 2r2li@ator ROCs
chosen for this SLERA represent various trophic levels and habitats for suriclce water and
sedimenexposuref inorganicdirectly or indirectly is possible. Fsedimentand surface water
related pathways, these include species represeatjogtic communities (i.e., fish), benthic

invertebrates, as well aaguatic birds and mammals spanning several trophaid.

14
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Aquatic Communities T -- Communities of organisms including fish and invertebrates that live in
the water column of the San Juan River and Lake Powell are represented in this tropiaésiel.

contact with inorganics in surface waters was eatalil

Benthic Invertebrates/Aquatic Plantsi Communities of invertebrates and plants that live in the
sediments of the San Juan River and Lake Powell are represented in this trophic level. Direct contact

with inorganics in the sediment was evaluated.

Aquatic Avian Speciesd0 Numerous avian species are likelypotentially utilize the aquatic
habitatsof the San Juan River and Lake Pow€lree aquatic avian RO@seexamined in this

SLERA: the mallard duck, representative of omnivorous receptors; thélgehaeron, which feeds

on benthic invertebrates and fish; and the belted kingfisher, whictiste¢gclusivelyThese three

species were selected becatly are known to occur or are likely to occur in the study area (i.e.,
mallards); are representad of taxonomic groups that may be present in the study area (i.e., ducks,
herons, etc.); represent populations sensitive to inorganics (i.e., piscivorous birds); and these species

have sufficient ecotoxicological information available with which to cehdek analyses.

Aquatic Mammalian Speciesd Mammals can be expected to utilize the aquatic and wetland
habitatof the San Juan River and Lake PowEHe omnivorous raccoohgrbivorous muskrat;
and carnivorous mink werelseted as aurrogate for mamatianreceptos that could be found

in the study ared’he mink was selected because it is known to occur or likely to occur in the
study area, is representative of mammals as a group, and has sufficient ecotoxicological

information available with which toonduct risk analyses.

Aquatic Amphibian Speciesi Amphibians likely utilize the aquatic habitats of the San Juan
River and Lake PowellThe American bullfrog was selected as a surrogate because it is known to
occur or likely to occur in the study aresyepresentative of amphibians as a group, and has

sufficient ecotoxicological information available with which to conduct risk analysis.
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2.4  Assessment and Measurement Endpoints

USEPA (1998) guidance stresses the importanselettingecologically sigificant endpointshat

will be evaluated in the ERA procesBhe selection of assessment endpoints is based on the
fundamental knowledge of the local ecoloBgsed on the ROGdentified for the study areand

the types ohabitatthat occur in the studgrea the following ecological assessment endpoints are
defined Table4):

1. Protection offish and othelaquatic water column communitiese@rmire whether
exposureto constituentsn surface watehasunacceptable adverse impactstbair

survivalandgrowth.

2. Protection of benthic invertebrate and aquatic plant communities: Determine whether
exposure t@onstituentsn sediment has unacceptable adverse impacts on their survival

and growth.

3. Protection baquatidbirds, represented by theallard duckthegreat blugneron and the
belted kingfisherDetermire whethelingestion otonstituentsn surface water, sediment
and dietary itemdhas unacceptable adverse impacts tbeir survival, growth and

reproduction.

4. Protection ohquaticmammals, represented theraccoonthemuskrat, andhe mink:
Determirewhetheiningestion otconstituentsn surface water, sediment agidtary items

hasunacceptable adverse impactstiogir survival, growth and reproduction.

5. Protection of amphibiansgpresented by the birdbg: Determine whether ingestion of
constituentsn surface water, sediment and dietary items has unacceptable adverse

impacts on their survival, growth and reproduction.

Measurement endpoints are measurable ecological characteristics that are rilatass|essment
endpoints (USEPA 1998 ecause it is difficult to Ameasure
endpoints were chosen that permit inference regarding the above described assessment endpoints.

Measurement endpoints selected for BiiERA include {Table4):

1€
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1 Constituentoncentrations isedimend The measurement obnstituentsn sediment
provides the means, when compared to appropsdémerniscreeningand toxicity
referencevalues, to assess the protection of organismatéatome in comict (direct or

indirect) withthe sediment

0 Prespill sedimendata was collected on August 8, 2015, prior to the GKM plume
entering UT. One sample from eachfaiir sampling location$4954000- SJR at
US160 Xing in CO; 4953990 SJR at the Town of Montema; 4953250 SJR
at Sand Island; and 495300@JR at Mexican Hat US163 Xing) (UDEQ, 2016,
Appendix Cb) (Figure 5)norganics measured includgl, Sb,As, Ba, Be, Cd,

Ca Cr, Co, Cu, Fe,Pb, Mg, Mn, Hg, Mo, Ni, K, Se Ag, Na, Tl, V, andZn.

o Postspill sedimentdata were collected on eight occasions between August 15,
2015 and February 17, 2016 and include one sample on each date from each of the
four pre-spill sampling locationand one additionaampling locatiorf495294 2
SJR at Clay Hills). The sa inorganics measured gpill were measured in the

postspill samples.

1 Inorganic concentrations surface watér The measurement oforganicsn surface
waterprovides the means, when compared to appropsiater quality standards and
toxicity refererre valuesto assess the protection of organismsitie come in

contact (direct or indirect) witthe surface water

o Prespill surface watedata was collected between 1978 and 2014 as presented in
Appendix AofUt a h 6 gerniMonitgring and Assessnidar the San Juan
River and Lake Powell Utafy DEQ, 2016). Up to 74 samples (range B4)
from 7 sampling locationen the main stem San Juan River were used to develop
pre-spill maximumconcentratioa (UDEQ, 2016)Inorganics measured include:
Al, As, Ba, Cd, Ca, Cr, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se Ag, Na, V, andZn.
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o Postspill surface watedata were collected on eight occasions between August 8,
2015 and July 25, 2016 and include samples from eight locations on the SJR
including 4954000 at US160Xing in CO; 4953250 at San Island; 4953400
at Swinging Footbridge; 495380Cconfluence with W FK Allen; 4953900
above Aneth; 4953950at Marble Wash; 4952940above Lake Powell and
49530001 at Mexican Hat 163 Xin@gFigure 5) Inorganics measuredclude:Sh,

Al, As, Ba, Be, Cd, Ca Cr, Co,Cu, Fe Pb, Mg, Mn, Hg, Mo, Ni, K, Se Ag, Na,
Sr, T, V, andZn.

Measurement endpoints were used to determine ER@snaximum measured value for each
COPC was used as the EPC across the whole SJR and theumaxieasured value at each
sampling location was used to examine imskhe river segmentsetween sampling locations
(Figure 5). The maximum concentration measured at each sampling location was used to
evaluate risk to ROCs from that sampling location asineam to the next sampling locati@y.
structuring the evaluation in this way, those river segments that diedicatesignificant risk
may be eliminated from further evaluatiandthose that didndicatesignificant risk can be
identified for furthe evaluation opotential sinks and other sources that may contributeeto

identifiedrisk.
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3 STEP 1COPC CREEN

This section of th&LERA identifies whetheconstituentsare present in the study arafer the
GKM spill at concentrations that excepe-spill data andconservative ESVdf so, thenthese
inorganicsare retained as COP@ad evaluated further in StepBbth surface wateand sediment
samples collected in the study area were analyzeg\fariety of inorganicsSampldocatiors are
illustratedn Figure2 andsummarizecnalytical results are provided in Appendixidaccordance
with USEPA ERA guidance, themaximumof field duplicates was used as the concentration for
those particular samples when they occuifedo n o e t mesuls,themethoddetection limitwas

usedas the concentration

The screening process that identifies COPCs is environmentally conservative so as not to eliminate
constituend that could pose potential ecological ridksing conservative assumptions and
appuopriate screening values during ttenstituenscreening process minimizes this potenkat.

each media type, the maximuwuanstitueniconcentratiorof all sampldocations across the study
areaand the maximum constituent concentration at each sangaldowasused for screening
Thesamaximumconcentrationg surface water and sedimewgrethen compared to tHeSVs for

surface water (in this case the Utah water quality standardsjealichent respectivelylf the
calculatechazard quotieHQ), which is the maximurmorganicconcentration divided by the ESV,
wasgreater than 1.@hen thespecific inorganiavasidentified as a COPC armaValuated further in

Step 2 of the ERA process.

Constituents weraot evaluated in Step i the maximum deteadn (or if undetected, thmethod
detection limit(MDL)) was less than the correspondi®V. Constituents with no corresponding
ESV were moved tothe Unhcertaintiessection (Section 5pecause it is unknown at what
concentration the constituent would posesk. Constituents identified in one media (i.e., surface
water or sediment) were carried forward to Step 2 for both medisummarize, the four possible

Step loutcomes for an inorganic constituané as follows:

1 The constituent is detected and ha&8V for that medid move toStep 2and identify as a

COPCIif the maximum detection is greater than the E8V;further evaluatiorof the
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constituent ithe maximum detection is less than the ESV;

M The constituent is not detected, but has an E8Mvethe constituento the Uncertainties
sectionif theMDL isin excess otheESV: no further evaluation if the MDL is less than the
ESV:

9 The constituent is detected, but does not have aniBBdeconstituento Uncertainties

because it is unknown what camtration would pose a risk to ROGsd

9 The constituent is not detected and does not have ani EBMethe constituento the

Uncertaintiesectionbecause it is unknown what concentration would pose a risk to ROCs;
3.1 Surface Water COPC Identification

ESVsfor inorganicconstituents in surface watane represented by Utah water quality standards for
the protection of freshwater aqudife (Table5). When Utah did not have a water quasitgndard

for certain inorganigother outside sources of sanewy values were used including Suter and Tsao
1996, USEPA 201, USEPA 1996, and CCMHE999 Becausesome of these water quality
standards are hardnesdspendentthe lowest hardnesson the day of the maximum COPC
concentrationwas used to calculate thertiaessdependent water quality standartfardness
dependent water quality standards increase as hardness igdieasasing the lowest hardness is
conservativeHardnessdependent water quality standards incl@adeCr, Cu, Pb, Ni, Ag, andZn.
Table5 summarizes the surface water screening values used for Step 1 Surface Water &oieening
the inorganics that were identified as COP@sng the maximum measured surface water
concentration in the SJRable6 summarizes the measured maximzoncentratioapre-spill in the

SJR and post GKMeleasat each of the sampling locations andicatesvhetherthe constituent

was in excess of the ESV.
32 Sediment COPCl dentification

Sediment screening values for the identification of COPCs include those from USE®ANOAA
(Buchman, 2008), USEPA 2015, and Ministry of Housing, Spatial Planning and Environment 1994

(Table8). ESVswereavailable fomineteen of twentyfive constituentscreenedlhoseconstituers
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without ESVs includéBe, Ca,K, Mg, Na, andTl. Sane of these constituents including Ca, K, Mg,
and NA are essential nutrients and are generalytoxin in sediments. These inorganics will not be
evaluated further in this ERAheotherinorganicsincluding Be and Tl, which lacked ES\Wgere
moved to he Uncertainties section and discussed furtfiable 9 summarizes the sediment
screening values used for Step 1 Sediment Screamdgdhe inorganics that were identified as
sediment COPCassing the maximum measured sediment concentrétion all five sanpling
locations in the SJR and LPable10 summarizeshe measured maximum valuas-spill in the
SJR and post GKM spidlt each of the sediment sampling locatiortie SJRandindicatesvhether

theconcentrationsverein excess of the ESV.
3.3  Summary of Ecological COPCScreening

Maximumsurface water and sedimargncentrations afonstituentshatexcee@d ESVs in

surface wateandor sedimentvere identifiedas COPCswWhena COPCQwas identified as a

COPC in one media it wadsocarried forward irthe other medigror instanceAl was

identified as a COPC in surface water because the maximum concentration was in excess of the
ESV, butAl was not identified as a COPC for sediment (maximum concentratior68016,

mg/kg and ESV = 25,500 mg/kg).

Ca,Mg, K, andNaare considered essential nutrients and were not evaluated after Seeprid
Mg in the surface water of the SJR at McEImo WggtD53880)were both in excess of their
respective water quality standartsit neither is thought to be toxic evarthese elevated levels

The four lacked sediment screening values and are not considered to pose potential risk.

Other COPCs including total sulfate in surface water and beryllium and thallium in sediment
lackedESVs Although total sulfate lacked an ESor surface water, it was not identified as a
COPC for sediment and thus was moved to the Uncertainty seB&@nd Tl lacked ESVs for
sediment, but Be was identified in surface water as a COPC so Be will be retained and moved to
Step 2, while Tl willbe mwed to the Uncertainty sectiofllthough Sb was not detected in any
sediment sample, the maximum detection limit was in excess of the ESV, thus Sb will be moved

to the Uncertainty section and discussed furi@ertain COPCs weneot evaluated ifstep2 due
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to detected or nedetected maximum concentration being less than BE$Weth surface water
and sedimenncludingAs, Cd, CI, Cr, Mo, Ni, and SeCOPCs in each media that were retained

and will be evaluated in Stepo2 moved to the Uncertaintgstionare summarized in Tabld.

As indicated in Table 7, onlyre pre-spill maximum surface water concentrasar Fe (5.49

mg/L) andMn (314 pg/L) exceeded their respective ESBa.was the only constituent that has a
measured prspill sediment maximm concentration that exceeded the ESV (Tableld®@grms

of evaluating the postpill maximum at each sampling location, Table 11 summarizes the
number of sampling locations that had surface water or sediment maximums greater than their
respected ESV#n sediment onlyBaandSrweregreater thamhe ESVs and the maximum of all
sampling location exceeded the E®¢r Ca Cu, Fe Mg, Mn, Sr, andZn in surface wateionly

one sampling locations exceeded the ESV (Table 11).
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4 STEP 2 ECOLOGICAL RISK ASSESSMENT

In Step 2of the Isk assessmerirocessconservative exposure assumptiorese usedo evaluate
whetherthe COPG identified in Step Inay pose a risko each ROQvaluatedn Section 2
Exposure assessment is a key component of risk quantitationadlin Step 2, linking
constituentgo receptors through complete pathwalggposure refers to the degree of contact
between ecological receptors and the CORQPCs that are bioaccumulative are examined in upper
trophic level receptor food webs wheralirect contact (dietary exposure) is the most relevant

exposure pathway.

In Step 2 of this SLERAnaximum SJR/LBediment andurface wateconcentrations acEOPG

were evaluated for indireaietary exposure to upper trophic aquatic ROThese exposure
pathways are described below for Step 2 of the SLERA. A toxicity assessment and risk
characterization for potential aquatic ROCs is described and calculatedfiaklly, a summary of

the Step 2 processes and resultgluding a review of thacientific management decision point
(SMDP), is discussedAlso completed in Step 2, COPCs were evaluated for each sampling location.
The COPCs identified in Step 1 for the SJR as a whole were evaluated for each location although the

Step 1 analysis for that partlanlocation may not have identified it as a COPC.
4.1  Indirect Exposure ofHigher Trophic Levels to COPCs (Food Web Analyses)

In Step 2COPCconcentrations idietary itemswereconservativelyealculatedoy multiplying the
maximum sediment and surface water concentration detected in field sampleby the
bioaccumulation factdiBAF) or bioconcentration factoBCF) for benthianvertebrates, plantand
fish. In keeping with EPA guidance on Step 2 screeasggpssment|lalietary concentrations are
presated on a dmweight basis.Using dryweight for the calculation of dietary exposure is
conservative and will overestimate the risk to upper trophic level receggdiscussed in the

Uncertaintiesection(Section 5.0)
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Consi stent wi tdéncekiRtaky®spostreséopROLs vere estimated as daily doses
for comparison tdngestionbasedtoxicity reference value(TRVS) provided by Sample et al.
(1996) Goel et al. (1980ATSDR (19904, b; 1994), Nation et al. (1983), Hill (1979), Eisler (1,996)
Bean and Hudson (1976), and USEPA (1995, &p9he dailydose for a given receptor@DPCs

is determinedy multiplying the totabody-weight normalizedeeding ratéfeeding rates are based
on allometric equations cited by Nagy 2001 and are basbddyweight and species tyd®) the
highestfood itemconcentration calculate@he habitatusage facto(U) is assumed to be equal to
1.0 (.e.,to be conservative it is assuntbereceptomusesthe study aretor 100 percentf its food
and wateyfor this Step 2 analysjconsistent with EPA guidelin@dSEPA 1997a)Separate doses
are presented faediment surface waterand food contributionsnd then summed to produce the
total dose for each ROChe equations involved icalculatingexposure ardiscussed in detail in
sections4.1.1 and4.1.2

Information relevant to the ecology of therrogatdROCs (i.e., body weigh{8W), food-ingestion
rategFIR), wateringestion rates (WIR3nd incidentasedimeningestion rates) isicludedin Table
12, alongwith the primary sourceused for these exposure parameténg FIRs and WIRSwere
taken from an allometric equatiosed to derive FIRand WIRshased on body weight and specie
type(Nagy2001; Calder and Braun 1983he following sections reviethe calculations required to

estimate the indirect exposure of aquatipendenROCsin thestudy area
41.1. Aquatic (Sedimentand Surface WaterBased)Food Web

The relevant pathwayhrough which mammalian and avian ROCs dependent on aglesived
food are exposed t@edimentand surface wateroncentrations ahorganicsarethrough chronic
exposure tesedimentand surface wateria dietary uptakeThe ROCs occupy different feeding
guilds(e.g., avian piscivores, mammalian herbivares) have dies that contain potentibiological
transport pathway®r inorganics irsedimentand surface watefhe Step 2 aquatic risk assessment
assumethat ROCs consume only the momapactedood item(i.e., the highest concentration of a
given COPC)surface water ingestion through drinking water, aindidentalsedimentingestion
through feeding (incidental sediment ingestion rate is a percentage of thveasliRicluded in this

assessment.
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Bioaccumulatiorand bioconcenttaon factors for aquatic invertebrateplants and fistvereusedn
Step 2for the determination of exposure lypper trophidevel aquaticROCs (Table 13).
Concentrations ifish wereestimatedisinga conservative approach to estima@PCdoseto upper
trophic aquatiedependent birdandmammalsFish as prey are exposedd@PCsvia direct contact

with sedimentind surface wateas well asndirectly through the consumption pfey items

Whole-body ish BAFs were used to estimate the concentrattdfCOPG in sedimentthatare

transfered to fish living in that systenfhe equation used to make this estimate is:
[X] fish sediment= [X] sedimenX BAFsediment
where:
[X] fish sediment= the concentration afonstitueniX in fish due to direct sediment exposure
[X] sediment= the concentratio of constituent Xin thesediment
BAF = thewhole-bodybioaccumulation factdior constituent Xin sediment

Whole-body fish BCFs were used to estimate the concentraticd@PG in surface watethat is

transferred to fish living in that systeithe eqution used to make this estimate is:
[X] fish surface water— [X] surface wateX BCFsurface water

where;

[X] fish surface water= the concentration of constituent X in fighie to direct surface water

exposure
[X] surface wate= the concentration of constitoeX in thesurface water

BCF = thewhole bodybioconcentratia factorfor constituent Xin surface water
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Fish, as a food source, can be exposeaddonentand surface wat€@OPGindirectly (via dietary
uptake ofprey items$. The food-chain pathwaysedimentsurface watel plants, nvertebrates
forage fishY predatoffish Y birds and mammals) is the major route by wieikhposuréo COPC in

fish occus. Fish uptake of COPCsthrough diet was modedl using the calculated benthic
invertebrate tissue conugation and body weight normalized ingestion rate tbe Cyprinidae
(minnow) family of fishes Cyprinids were modeled because they typically make up the level of

forage fish that are preyed upon by predatory fish.
[X] fish food = ([X] benthic invertebrat& Fr)

Where:

[X] fish food = thewhole-bodyconcentration of constituent X in figtue to dietary exposure

[X] benthic invertebrate= the concentration of constituent X in benthic invertebr@tes

concentration irsedimeninultiplied by the invertierate BAF).

Fr = Total daily feeding rate in kg food/KgwW

Thus, the total concentration in fish from theeesources was modeled as:
[X] fish totar = [X] fish sedimentt [X] fish surface watert [X] fish food

As previously noted, the models used to esenodtthe concentration of constituents in prey
including fish are conservative because they do not account for elimination of the constituent by

the organism and assume the entire concentration is bioaccumulated in the tissues.
41.2 Aquatic Upper Trophic Level Dosage

Upper trophic level ROCs are exposed@PG throughdirect (ingestion ofsediment/surface
watel) and indirectifigestion of foodlexposureAs a result, a dosage calculatissedfor aquatic
upper trophic leveROCsis described belowThe btal dose to upper trophic level organisms is

calculated as:
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Dose&otal = DOS@od + DOSRedimentt DOSRurface weer
where:

Doseotal = Total daily dose o€OPG received by receptomg
COPUkg-BW/day

Dos@&ood = Daily dose ofCOPGreceived by receptomg
COPQkg-BW/day fromthe mostimpactedfood item

Dos&ediment = Daily dose ofCOPGreceived by receptomg
COPQkg-BW/day from incidentally ingestestdiment

Dos@&urface water = Daily dose ofCOPGsreceived by receptomg
COPUkg-BW/day from ingesbn of surface water

The total dose from food m=lculated as
Dos@wod= R X U X G
where:

F = Total daily feeding rate in kg food/MgW of ROC/day (wet basis)

Ff is receptosspecific.

U = Habitat usage factor (fraction of habitat range repredentthe

study aregpfor receptor; assumed to be 1.0 fae Btep Zood web

Cs = Concentration o€OPGin food; calculated using the maximum
determinedor eachimpactedfood item (ng COPC/kgfood iten)
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The total dose from incidental ingestionsetlimentis calculated as

Dosediment= lsed® U3 Ceed

where:
Csed = Concentration o€OPGin sediment mg COPQkg sediment(dry
basis)
U = Habitat usage factor (fraction of habitat range representdteby
study aregpfor receptor; assumed to be 1.0 fag Btep Zood web
lsed = Total dailyincidentalingestion ratdor sedimenin kg

sedimentday (wet basis)sedis receptoispecific.
The total dose from ingestion girface waters calculated as

Doseurface wate= lsw 2 U 3 Csy

where:
Csw = Concentrdon of COPGin surface watermg COPQL surface
water
U = Habitat usage factor (fraction of habitat range representdteby
study aregpfor receptor; assumed to be 1.0 fae Btep Zood web
sw = Total dailysurface water ingestiaate inL surface vaterday (wet

basis) lswis receptorspecific.

Information necessatyp calculate total dose forspecificROC includesbodyweight normalized
food-ingestion rate (ff (Table 12) body-weight normalizedhcidentalsedimentingestion rate {9
(Table P), bodyweight normalized wateingestion rate ) (Table 12) and constituent

concentrationn surface water and sedimégiables 7 and 10.
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43  Toxicity Assessment

USEPA (1997) guidance specifies thamenteda@cr eeni
best conservatively estimated chr oBecaus¢hdr®@ AEL 0 (
can bewide variation in the literature on NOAEIar a given COPCrisks were also calculated for
conservatively estimated Lowest Observed AdversecEffevels (LOAELS) to providepper and

lower estimates of risk, based on the NOAEL and LOAEL, respectively.

Sample et al. (19963 0el et al. (1980), ATSDR (19904, b; 1994ation et al. (1983), Hill (1979),
Eisler (1996), and USEPA (1995, 199v@reused as sourcfor NOAEL and LOAEL TRVs for
mammals and birdslhe selected NOAELs and LOAELs were based on relevant endpoints for
chronic exposure including reproduction and developmental eff@ctStep 2, the potential hazards
were characterized throngcomparisons o€alculated dos¢using the maximunsediment and
surface wateconcentration o£COPG and themost impacted food iteghto the NOAEL TRVs
(Table ¥) and LOAEL TRVs (Table 3).

44  Risk Characterization for Step 2

The risk characterizationoption of theSLERA used the information generated during the two
previous parts of thBLERA (problem formulation an8tep 1 screenirtg estimate potential risks to
ecobgical receptordAlso included is an evaluation of the uncertainties associatedhsithodels,
assumptions, and methods used inShERA and their potential effects on the conclusions of the
assessmenthe main objective of risk characterization at the screening level (is to derive a list of
potential ROCshat may be at risk frotihe COPG identifiedin Step 1

Direct toxicity associated with lower trophic levels (i.e., benthic invertebrates, aquatic plants, fish,
andwater column invertebrates) was evaluated using an ecological quotiehbbdlse maximum
measured media concentoatdivided by theESV, termedEQmnax. The EQmax is different than the

HQ because the EQmax is the maximum concentration divided by the ESV, where the HQ is a total
dosage of exposure to upgenphic level ROCs divided by a TRV (either a NOAEL or a LOAEL).
Values ofEQnaxthat werggreater than 1.0 were identified as needing further evatudie results

are discussed below
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As part of thisuppertrophic level ROQisk calculation, the exposure dosesecompared with the
corresponding TRV§Tables 4 and B5) to derive risk estimates using the HQ methdQ@s were
calculated by dividing the constituent concentration in the medium being evaluated by the
corresponding ingestiebased TRVHQs exceeding 1.0 indicate the potential for unacceptable risk,
as he constituent concentration or dose (exposure) equals or exceeds the TRV kedfteetler,

TRVs and exposure estimates are derived using intentionally conservative assumptions at the
screening level such that HQs greater than or equal to 1.0 do natardgessdicate that risks are
present or impacts are occurrilRgther, it identifies constituepathwayreceptor combinatiorthat

may requirdurther evaluation using more realistic exposure scenarios and assuntitmeing

the same reasoning, H@ss than one indicate that risks are unlikely, enabling a conclusion of
negligible risk to be reached with high confidenidee Step 2 exposure results froaiculating the

HQs based on ttdOAEL and LOAEL HQn andHQL, respectivelyfor terrestriand @uaticavian

and mammalian speciese discussed below
4.4.1 Benthic Invertebrated Plants

Two COPCsBa and Srassociated with the sediment of the San Juan River were determined to have
high enough concentrations in the sediment to havesB@lues n excess of 1.0 (Tablks). In
addition EGQhaxvalues could not be calculated Bedue to the lackf anavailableTRV (Tablel6).

The measured concentratsost each SJR location identified barium and strontium as having the

potential for risk to benthimvertebrates (Tabl0).
4.4.2 AgquaticWater-Column Communities Including Fish

Fourteen constituenessociated with the surfaced water of the San Juan River were determined to
havemaximumconcentrations in the surface wattesit resulted ifEQmax values above 1.0 (Table

17). For many of the surface water COPCs, the maximum concentration was detected at the
Coloradaborder (4954000) includingl, Ba, Be, Co, Cu, Fe, P, Mn, Hg,NOs", NO> as N Ag, and

V (Table7).
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4.4.3 Avian Agquatic Species
Mallard

ThreeCOPCs includingAl, Ba, and Zn pose a potential risk to the mallard due tond@reater
thanl.0 (Tablel8). CalculatedHQG s wer e greater than 1.0 for Al

Belted Kingfisher

FourCOPCs includind\l, Ba, Pb, and Zpose a potential risk to thelted kingfisher due to H@ s
greater thai.O (Tablel8). Calculated HQO s wer e greater than 1.0 for

Great Blue Heron

FourCOPCs includin@\l, Ba, Pb, and Zpose a potential risk to the great blue heron due teoHS)
greater thar.O (Tablel8). Calculated HQd s wer e greater than 1.0 for

The avian aquatic riskrom four COPCswerenot able to be evaluated due to the lack of TRWs
Be, Fe NO3,NO> as N andSr.

4.4.4 Mammalian Aquatic Species
Raccoon

FourCOPCs includinghl, Ba, V, and Zrpose a potential risk to the raccoon due tabl@reater
thanl.0 (Tablel8). CalculatedHQG s wer e greater than 1.0 for Al

Muskrat

ThreeCOPCs includind\l, Ba, and Vpose a potential risk to the muskrat due taBl@reater tha
1.0 (Tablel8). CalculatedHQG s wer e greater than 1.0 for Al ,

Mink

Six COPCs includinAl, Ba, Co, Cu, V, and Zpose a potential risk to thraink due to HQO6 s
greater thai.O (Tablel8). Calculated HQO s wer e greaterndvVvhan 1.0 for
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The mammalian aquatic riskom Fewerenot able to be evaluated due to the lack of TRVSs.
4.4.5 Amphibian Aquatic Species
Bullfrog

Six COPCs includinghl, Ba, Pb, Hg, V, and Zpose a potential risk to theillfrog due to HQO s
greater thard.O (Table18). Calculated HQd s wer e greater than 1.0 for

The aquatic amphibian riskkom four COPCs were not able to be evaluated due to the lack of TRVs
includingBe, Fe NOs, NO2 as N andSr.

45  Summary of Step 2 Ecological Risk &eening

Using the maximum concentration at any sampling location for the SJR as a Wdiake19
summarizesesults of thgpostGKM spill Step 2 screening f@OPG presentn the study areall
upper trophic level ROCs are retained as having poteiskaiiue taat least oneeceptor (lower or
uppertrophic)at the conclusion of this step in the ERA procEssirteenCOPCs were retained in

Step 2 and summarized in Tab 1
Pre-GKM Spill Evaluation

Step 2 risks to ROCs were also evaluated using tx@man concentration measured prior to the
GKM spill plume enteringJtahin the SIRTheStep 2 benthic invertebrdasjuatic planeévaluation
resulted inBa showing potential riskEQmax > 1.0) and Be, Sr, and Tlbeing moved to the
Uncertainties sectio(Section 5)because of the lack diRVs (Be and T) or the lack of available
concentration dataSf) (Table 10). The Step 2 aquatic water column communitesluation
(including fish indicated potential risk (E&x> 1.0) forAl, Ba, Cu, Fe, Pb, Mn, Ag, arth; while
risks were uncertain due to the lack of measured concentratids, f{Go, HQNOs,NO> as N, Sr,
and V(Table7). The preGKM spill evaluation of uppetrophic level ROCs indicated H@reater
than 1.0 for all ROC#or at least one COPJable 20). Below is a list of the COPCs identified as
posing potential risk (HQ> 1.0) for the identified ROC:
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1 Belted Kingfisher Al, Ba, Pb, Zn

M Great Blue Heroii Al, Ba, Pb, Zn

1 Mink - Al, Ba, Co, V, Zn

1 Muskrati Al, Ba, V

1 Raccoon Al, Ba, V, Zn

=

Bullfrog i Al, Ba, Pb, Hg, V, Zn

Comparing the pr&KM spill and the posGKM spill surface water concentrations indicated

that only Fe and Mn were in excess of the ESV in(ikeM spill surface water, but additional
constituents including Al, Ba, Be, Ca, Cu, Pb, Mg, NO3,NO> as N Ag, Sr, V, and Zn (Table

7) were elevated in po$tKM spill surface water PreGKM spill sediment indicated only Ba

was in excess of ESV, while Ba and Sr were in excess of ESVs feGpdstspill sediments

(Table 10).Therefore, directoxicity risk to aquatic communities including fish as well as
benthic invertebrates and aquatic plants was increased in th@ gbsspill surface water and
sediments due to the increased number of constituents in excess of ESVs and magnitude of these

exceedances.

The risk to uppetrophic level ROCs were also compared for the@keM spill and the post

GKM spill sediment and surface water concentrati®ne.GKM spill analysis identified the
same ROC and constituent combinations as the®ikb spill amalysis with respect to HQ
greater than 1.0 herefore, the GKM spill did not increase the number of constituents that pose
potential risk to upper trophic level ROCs. KM spill concentrationsf Al, Pb,V, and Zn
indicated a increasedHQx, indicatinga higher ratio of calculated ROC dosage to literature
based TRV, or a higher risk potentialatipostspill GKM concentrationsThe calculated risk
potential (HQ) for Ba, Co, Cu, and Hgerehigher inpostspill GKM then in prespill GKM.
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Individual SamplingLocations PostGKM Spill Evaluation

The kenthic invertebrafaquatic plantevaluation indicate potential risk forBa and Srat all
locations), whileBe and Tlwere retained as uncertainties due to the lack of Ev&s€10). The
evaluation of tk potential risk of surface water concentrations on aquatic water column communities

resulted irthe following:
1 12 COPCs retained at 4954000 (SJR @ US 160 xing in CO);
1 10 COPCs retained at 4953990 (SJR @ Town of Montezuma);
1 9 COPCs retained at 495388Q0FS@ McEImo Wash);
1 8 COPCs retained at 4953250 (SJR @ Sand Island);
1 8 COPCs retainedt 495300qSJR @ Mexican Hat US 163 xing); and
1 5 COPCs retained at 4952942 (SJR @ Clay Hills) (Table

Step2 uppertrophic level food web modeling resultecH@n greater than 1.0 farp to ninedCOPCs

(to at least one recepjat Location#4954000 tdive COPCsat Location#4952942Tables21 i

25). For the most part, when the R@as in excess of 1.0, the IH@as also in excess of 1.0he
number of COPCwith potential risk to ROCdecreased with the distance downstream on the SJR

from the ColoraddJtah border to Lake Powell
46  Scientific Management Decision Point |

The esults indicate thaCOPG pose potential risks to aquatiependentROCs based on
conservatie exposure assumptiosreview of thestudy-areadata that were used as the basis for
calculating Step 2 risks suggeshat there are sufficient datllectedand that data were of
sufficient qualityto evaluate Step 2 risks to ROCs in tekevantmeda presentn the study area
(sedimentand surface watgrThus, there do not appear to be aigyificantdata gaps present at this
stage of the ERAGiven the potential risks calculated in the Step 2 ERAotild beappropriate to

advanceto Step 3 of he ERA frameworkto address several uncertainties and conservative
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assumptions as discussed in the next secBtap 3 of the ERA framework would encompass a
modification to Step 2 which would incorporate much more realistic exposure factors including
mean surface water or sediment concentration as well as mean FIR, an&MHKRotential would

also be evaluated on the calculation of bothnt@d HQ, because the LOAEL is the value that
indicates effects.
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5 UNCERTAINTY ASSOCIATED WITH THE STEP 2ERA

Uncertainties are present in all risk assessments because of the limitations of the available data and
the need to make assumptions and extrapolations based upon incomplete infoifhatain

factors contributing taincertainty irthis SLERA arediscussedn the following subsections.
5.1 Ecological Screening Values

Constituents without availabESVs for a medium were eliminated @a€OPC in Step 1 of the
assessment, but represent an uncertainty in the SLIEERWs case, the contaminant cannot be

ruled aut as a potential contributor of ecological risk because it could be present at levels that are
toxic to ecological communitieft.is possible thathese constituentsay contribute some

additional riskto the SJRSulfate was the only surface water catngit that was moved to the
Uncertainty section due to the lack of an ESV, while sediment ESVs were lacking for Be, Ca,
Mg, K, NA, and TI.

52 NOAEL vs. LOAEL Hazard Quotients

The calculation of hazard quotients for upper trophic level receptors in &d@m&ed on a
comparison of the maximu@OPCdosage with a literatudeased NOAELTNhe literaturebased
NOAEL is established from laboratory tests in which a concentration series is used to establish a
toxicity gradient.The NOAEL is the highest testednm@ntration that does not illicit a toxic

response, while the LOAEL is the lowest tested concentratioelibés a toxic responsd.he

gradient on which the concentration series is based could affect the accuracy of risk conclusions,
particularly if theNOAEL and LOAEL are considerably different valuébe use of the NOAEL

in Step 2 to calculatdQswould overestimate the risk potentiak indicated by the fathat

based o OAELSs; several receptofimorganic combinationdo not exhibit potential risk the

Step 2 analysis
5.3 Habitat Usage Factor

The habitat usage factor used in Step 2 analysis was 1.0, indicating that ROCs use only the study area
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or the stream segment for the station by station an&ydmaging When examining the entire SJR
from the ColoraddJtah border to Lake Powell this may laereasonable assumptjdsut when
looking at smaller delineated units of the SU&, stream segments between sampling statiloiss)
maybe overly conservative for some of the R®0r some uppetrophic level ROCge.g., great
blue heron)thesmallerstudy aresmay onlymake upafraction of their foragingreaand therefore

using a habitat usage factor of 1.0 will cestimate the risk to these receptors.
5.4  Maximum Exposure Concentrations

Maximum sedimenand surface wate@oncentrations were used to calculate the hazard quotients in
Step 2 of the risk assessmenhe use of maximum sedimeand surface wateroncentrations
indicate that upper trophic level ROCs are only exposed to the maxiongantration, when in fact

the ROCs would be exposed to the gradiel@©PCconcentrations established at the study area.
The use of maximum concentrations in Step 2 risk analysegstigrates the risk to ROCkhe use

of average or medianorganicconcentrations would be more realistic with respect to the ROEs

is typically completed in Step 3 of the ERA framework
5.5 Most Contaminated Dietary Item

Risks to uppetrophic level ROCs were calculated in Step 2 by using the dietary item with the
highest modeled concentration to representdd@enbof the ROGs diet.The upper trophic level
ROCs used in the SLERA have variable diets that may consist of plants, invertebratesBgr fish.
only using the dietary item with the highest concentratiorgaleilatedHQ overestimates the risk

potential to uppetrophic level ROCs.
5.6 Dry-Weight vs. WetWeight Intake

Step 2 uppetrophic level dosages o€COPG were calculated using dry weight sediment
concentrations, which were then used to derive dryhweigtary item (e.g., invertebrate, plaarig

fish) concentrationdowever, these dietary items are not consumed by ROCs as dry weight, but
rather on a wet weight basihe concentrations @OPGderived for invertebrates, planssdfish

in the stug area on a dry weight basis would thuslgherthan that actually conswed by ROCs
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Therefore, food web modeling in Step 2, using dry wefbPCconcentrations, will overestimate
the risk to ROCd-urther evaluation of the potential uncertainty surdiog the use of dry weight

would be completed in Step 3 under the ERA framework.
5.7 IngestionTRVs

Data on the toxicity o€EOPG to the receptor species were sparse or lacking, requiringstoeé

data from other wildlife species or from laboratory stsdvith norwildlife speciesUse of other
wildlife or laboratory species is standéod ERAs because so few wildlife species have been tested
directly for mostconstituerns. The uncertainties associated wapplying NOAELs and LOAELs

from other speciesvere minimized through the selection of the most appropriate test species for
which suitable toxicity data were availaltgs not known whether theildlife or laboratory species

are more or less sensitive@PG thanthe ROCsthat ardikely to occurin the study arealhis

uncertainty could either oveor underestimate the risk tthe ROCs.
58 Food Web Exposure Modeling

Constituentconcentrations in aquatic food items (plants, benthic invertebrates, and fish) were
modeled from measured media camications and were not directly measurBde use of generic,
literaturederived exposure models aagcumulationformulaeintroduces uncertainty into the
resulting estimateslhe values selected and methodology employed was intended to provide a
conservate estimate of potential food web exposure concentratidhss SLERA Another source

of uncertainty is the use of default assumptions for exposure parameters such as BCFs and BAFs.
Although BCFs or BAFs for many bioaccumulative chemicals were readiyalale from the
literature and were used in the ERA, the use of a default factor fafrJ0®DPCs lacking BCFs or

BAFsis a source of uncertainty.
5.9  Acute versus Chronic Exposure

Constituent concentrations associated with the GKM spill may have aeyibhéhe surface
water column of the SJR for a short period of tifit@s would limit the amount of uptake that

was modeled in the food web model or the exposure of aquatic communities including fish to
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these constituent3RVs were based on chronic expos and chronic endpoints (i.e.,
reproduction, development) and their use may overestimate the risk associated with surface water

concentrations of the GKM spill.

Inorganics, like the constituents associated with the &M, tend to sorb to sedimentscan
may persist in the sediment for longer periods of tifierefore, the use of TRVs based on

chronic exposure is representative of the ROC exposure.

The uncertainties discussed in this sectfiactthe estimatedgotential risls as presented in the
SLERA, and should be considered when evaluating the results of the asse3émaeixt step
in the ERA process, Step 3, would evaluate ways to address andhiefissumptions required
in the SLERA tgorovidemorerefined estimates of potentiasks to upgr-trophic level ROCsén

the study area.
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6 ECOLOGICAL RISK SUMMARY

A screenindevel ecological risk assessment was performedCiOP G in sediment and surface
waterin the San Juan River associated with the Gold King Mspél. The results of Step 1
idertified multipleinorganicconstituents aSOPGin both sediment and surface waded Step 2
indicated gotentialfor risk to certain types akceptorshatare likely present ithe study ared he
identification ofinorganicsas COPG and thadentification ofROCspotentiallyat risksuppors a
decision to conducadditional steps of the ERA process to providere realisticestimates of
exposure and risk, consistent with USEPA guidakSEPA 19973).

Standard ERA practicdJSEPA 19978) places ecolgical riskin the context of assessment and
measurement endpoints, where assessment endpoints are those characteristics of an environment that
need to be protected and measurement endpoints provide distinct measures of this degree of
protection.The resuls of the Ste ERA are shown inrable 26 in the context of the defined
assessment and measurement endpdihése results suggest the possibility of fiskn COPGin

certain media and for certaguildsof receptorsThe results of th&LERA aresummaizedbelow

for sediment and surface watecrossthe SJRstudy aredor prespill and postspill maximum

concentrationsandfor postspill maximumconcentrationat each sampling locatiam the SJR
6.1 Post GKM Spill Sediment and Surface Water
6.1.1 Sep 1 for Sediment and Surface Water

Post GKM spill analysis of maximum measured surface water and sediment concentrations in the
entire Utah portion of the SJR and Lake Powell, resultéourieenconstituents being retained

and further evaluated in St@mnd seven being moved to the Uncertainty section due to the
maximum detection limit being in excess of the ESV or the lack of an BES¢dimentBaand

Sr, were the only tw&@OPCs with detected maximum concentration in excess of ESVs; while
seven addibnal COPCs were moved the Uncertainty section doe either being not detected

andthe detection level being in excess of the ESV (antimony) or lacking aroE&3sential

nutrient(Be, Ca, K, Mg, Na, and Y.lIn surface watefpurteenCOPCs were iddified as having
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maximum detected concentration in excess of ESVs (Table 11); while one additional COPCs
(SOy) lacked an ESV.

6.1.2Step 2 forSediment and Surface Water

All COPCs identified in Step 1 were retained in Step 2 due to at least one reloeptorof
upper trophic level) indicating potential riskherefore, alfourteenCOPCs evaluated in Step 2

indicate risk and should be further evaluated (Table 18).
6.2 Pre-Spill Sediment and Surface Water
6.2.1 Step 1 forSediment and Surface Water

Basedon the sediment and surface water maximum concentrations availatble glFbefore the

GKM spill enteredJtah,sediment concentrationsB&(Table10) and surface water concentrations

of FeandMn (Table7) weregreater tharthe ESVs Sediment ESVs we lacking for essential
nutrients (i.e.Ca, Mg, K, and Npg as well asBe and Tl and these COPCs were identified as
uncertaintiesCertain inorganics including sediment concentrations of strontium and surface water
concentrations dgb, Be, Cd, Ca, €ICo, Mo,NOs,NO> as N Na, Sr, Tl, and Were not measured

in the SJR prior to the spithus prespill risks due to these COPCs could not be quantified.

6.2.2 Step 2 forSediment and Surface Water

Using the full list of COPCs identified in the pestill GKM, pre-spill concentrations of these
COPCs were evaluated in Step 2 (Table B@sed on this analysts pre-spill conditions

similar resuls as the posBEKM spill were observedlhe Step 2 upper trophic level risk
assessment indicated tieg would ke the only COPC not recommended for further evaluation

asallHQ6s were |l ess than 1. 0.
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6.3 Evaluation of PostSpill Conditions at Each Sampling Station
6.3.1Step 1 for Sediment and Surface Water

The evaluation of risk was also conducted on the maxirswrface water and sediment
concentration from each sampling location across the SJR and LP. For surfac€aydter,Mg,
Mn, Sr, and Zrwere only identified at one location as being in excess of the ES\&her
sampling locations had maximum contations that were less than ES¥$. Ba, Be, Co, Pb,
Hg, NOs3,NO> as N, Ag, and Were identified at multiple locations as having maximum
concentration in excess of ESVs. For the evaluation of sedimenBaragyd Swere identified

as COPCs and all sgling locations had maximum concentration in excess of ESVs.
6.3.2 Step 2 for Sediment and Surface Water

As was completed for the pspill evaluation, posspill COPCs identified using the maximum
surface water or sediment concentration were evaluatath sampling location usitige
maximum surface water or sediment concentratdep 2 uppetrophic level food web
modeling resulted in HEYreater than 1.0 farp tonine COPCg(to at least one recepjat
Location#4954000 tdive COPCsat Location#4952942 (Tables 2125). The number of
COPC:s retained decreased with the distance downstream on thei8iRe ColoraddJtah

border to Lake Powell
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7 RECOMMENDATIONS

Steps 1 and 2 of the ERA process intentionally siswlistic andconservative literare-based
accumulationmodelsto evaluateuppertrophic level organism riskThe use of the maximum
observeatoncentratiomn a medium (e.g. egliment and surface wajelow ROCbody weight, high
ROC ingestion rates, most contaminated dietary ilerdosage calculations, andrabitatusage
factor of 1.Qall result in likely overestimates of bioaccumulation factorsifawrganicsn this study
area, therefore overestimating tiek (HQ) calculationgor many of the upper trophic lev@becies
Based orthe potential risk to the upper trophic level organismeaglified BERA (Phase 1)
including Step EPA Framework isecommended for thstudy areaThe modified BERA will
remove some of the conservative bias inrtble estimatesdy using median or averagalues for
those variables that are driving the risicludingmediaconcentration oihorganicsand food web
variables (i.e., body weight, ingestion rategase factor, etc.J-urther steps of the EFAamework
including Step3 would evaluatethe exent of bioaccumulatiorof metalsby analyses otissue
concentrabns inROC diet items (such as fish and aquatic invertebriatdise studyareawould
provide a more accuragstimateof exposure and potential risk to upjpeaphic level ROC¢Phase
Il BERA).
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Table 1. List of threatened and endangered species known or expected to be on or near the project area.

Common Name | Scientific Name | Status
Mammals

Black-footed Ferret Mustela nigripes Endangered

Gray Wolf Canis lupus Endangered

Grizzly Bea Ursus arctos pruinosus Endangered

New Mexico Meadow Jumping Zapus hudsonius luteus Endangered

Mouse

North American Wolverine

Gulo gulo luscus

Proposed Threatene

Utah Prairie Dog Cynomys parvidens Threatened
Birds

California Condor Gymnogyps califarianus Endangered

Gunnison Saggrouse Centrocercus minimus Threatened

Mexican Spotted Owl Strix occidentalis lucida Threatened

Southwestern Willow Empidonax traillii extimus Endangered

Flycatcher

Yellow-billed Cuckoo Coccyzus americanus Threatened
Reptiles

Northern Mexican Gartersnakd Thamnophis eques megalops \ Threatened
Fishes

Bonytail Chub Gila elegans Endangered

Colorado Pikeminnow Ptychocheilus lucius Endangered

(squawfish)

Greenback Cutthroat Trout Oncorynchus clarki stomias Threatened

Humpback Chub Gila cypha Endangered

Razorback Sucker Xyrauchen texanus Endangered

Roundtail Chub

Gila robusta

Proposed threatene

Zuni Bluehead Sucker Catostomus discobolus yarrowi Endangered
Flowering Plants

Jones Cycladenia Cycladenia humils var. jonasi Threatened

Mesa Verde Cactus Sclerocactus mesaerdae Threatened

Navajo Sedge Carex specuicola Threatened

Siler Pincushion Cactus Pediocactus sileri Threatened

Wel shds Mi | kweg Asclepias welshii Threatened
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Table 2. Land Corer/Land Use for San Juan County.

Land Cover/Land Use Acres Percent of Total
Shrub/Rangelands 2,937,699 58

Forest 1,890,662 38

Grain Crops 55,117 1

Water 45,629 1

Conservation Reserve 36,079 1

Program (CRFY

Grass/Pasture/Hay lands 26,733 1

Row Ciops 26,557 1

Developed Land 4,488 <0.1%
Orchards/Vineyards 71 <0.01%

Total® 5,023,035 100

a: Estimate from Farm Service Agency records and include CRP/CREP (Conservation |
Enhancement Program)

b: Totals may not add due to rounding and smalhomih acreages
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Table 3. Estimated mass of metals delivered to the Animas River from the Gold King mine release (USEPA 2017).

Metal Total (kg) Dissolved (kg) Collodial/Particulate
(kg)
Aluminum 41,132 6,376 34,755
Antimony 14.2 0.173 14.0
Arsenic 358.4 2.9 355.4
Barium 417.6 2.2 415.4
Beryllium 6.0 2.4 3.6
Cadmium 7.7 7.0 0.7
Calcium 30,484 30,345 139
Chromium 30.6 0.38 30.2
Cobalt 17.7 14 3.7
Copper 1,615 731 884
Iron 433,086 3,750 429,335
Lead 7,658 11.2 7,647
Magnesiun 15,891 2,490 13,401
Manganese 3,599 2,581 1,018
Mercury 0.8 0.0001 0.8
Molybdenum 86.8 0.4 86.4
Nickel 12.5 6 6.2
Potassium 11,854 426 11,428
Selenium 11.2 0.4 10.8
Silver 47.4 0.2 47.3
Sodium 1427.4 290 1,137.1
Thallium 5.6 0.2 5.4
Vanadium 237.8 0.8 237.0
Zinc 2,059 1,904 155
Total Metals 550,060 48,942 501,118
Major Cations 59,656 33,551 26,106
Total Minus Cations | 490,404 15,391 475,012
Sulfate 18,170 NA NA
Chloride 13,63 NA NA
Fluoride 114.0 NA NA
Nitrate as N 0.28 NA NA
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Table 4. Ecological Risk Screening Assessment Endpoints.

Assessment Endpoint

Null Hypothesis

Measurement Endpoint

Specifics of Assessment

Ecological health of aquatic water
column communities

Surface water does not exhibit a
detrimental effet on aquatic plant an
organism survival and growth

Evaluation of surface water
chemistry with respect to
water quality criteria

Comparison of surface water
concentrations to water quality criteria.

Ecological health of benthic
invertebrate communities

Sediment does not exhibit a
detrimental effect on invertebrate
survival and growth

Evaluation of sediment
chemistry with respect to
sediment screening values

Comparison of sediment concentrations
sediment screening values.

Long term health and reprodiwe
capacity of omnivorous aquatic avial
species (mallard duck)

Ingestion of COPC in prey does not
have a negative impact on growth,
survival, and reproductive success @
the species

Evaluation of dose in prey
based on sediment data an
dietary exposure nutels

Vegetation and invertebrate dose
approximated by multiplying sediment an
surface water concentration by BCF or
BAF for COPC.

The risk associated with the calculated
dose will be evaluated by comparison to
TRVs.

Long term health and reproductive
capacity of pisdvorous aguatic avian
species (blue heron)

Ingestion of COPC in prey does not
have a negative impact on growth,
survival, and reproductive success @
the species

Evaluation of dose in prey
based orsediment data and
dietary exposure models

Foad dose approximated by multiplying
sediment and surface water concentratio
by BCF or BAF for COPC.

The risk associated with the calculated
dose will be evaluated by comparison to
TRVs.

Long term health and reproductive
capacity of piscivorous aquatic avi
species (belted kingfisher)

Ingestion of COPC in prey does not
have a negative impact on growth,
survival, and reproductive success @
the species

Evaluation of dose in prey
based orsediment data and
dietary exposure models

Food dose approximated byitiplying
sedimentand surface water concentratiof
by BCF or BAF for COPC.

The risk associated with the calculated
dose will be evaluated by comparison to
TRVs.

Long term health and reproductive
capacity of omnivorous aquatic
mammalian species (racago

Ingestion of COPC in prey does not
have a negative impact on growth,

survival, and reproductive success @
the species

Evaluation of dose in prey
based on sediment data an
dietary exposure models

Dose from food approximated by
multiplying sediment andurface water
concentration by BAF or BCF for COPC.
The risk associated with the calculated
dose will be evaluated by comparison to
TRVSs.

5¢



Table 4. Continued.

Assessment Endpoint

Null Hypothesis

Measurement Endpoint

Specifics of Assessment

Long term heklth and reproductive
capacity otherlivorous aquatic roden
species (muskrat)

Ingestion of COPC in prey does not
have a negative impact on growth,
survival, and reproductive success @
the species

Evaluation of dose in prey based on
sediment data and d#&¥ exposure
models

Dose from food approximated b
multiplying sediment and surfacg
water concentration by BAF or
BCF for COPC.

The risk associated with the
calculated dose will be evaluate
by comparison to TRVSs.

Long term health and reproductive
capadty of pisdvorous aquatic
mammal species (mink)

Ingestion of COPC in prey does not
have a negative impact on growth,

survival, and reproductive success @
the species

Evaluation of dose in prey based on
sediment data and dietary exposure
models

Dose fromfood approximated by,
multiplying sediment and surfact
water concentration by BAF or
BCF for COPC.

The risk associated with the
calculated dose will be evaluate
by comparison to TRVS.

Long term health and reproductive
capacity of omnivorous aquatic
amphibian species (bullfrog)

Ingestion of COPC in prey does not
have a negative impact on growth,

survival, and reproductive success @
the species

Evaluation of dose in prey based on
sediment data and dietary exposure
models

Dose from food approximated b
multiplying sediment and surface
water concentration by BAF or
BCF for COPC.

The risk associated with the
calculated dose will be evaluate
by comparison to TRVSs.

Notes:

BCFi Bioconcentration Factor

BAF i Bioaccumulation Factor

COPCIi Constituent of Poteratl Concern
TRV'i Toxicity Reference Value
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Table 5. Summary of surface water ecological screening valdasdness dependent values were calculated at the
lowest hardness recorded for the day at the sampling location where theumadnstituentoncentration was
detected.

Constituent Ecological Screening Units Source

Values (ESVs)
Aluminum, Dissolved 87.00 pg/L Utah 2017
Antimony, Dissolved 30.00 pg/L Suter and Tsao 1996
Arsenic, Dissolved 150.00 pg/L Utah 2017
Barium, Dissoled 4.00 pg/L Suter and Tsao 1996
Beryllium, Dissolved 0.66 pa/L Suter and Tsao 1996
Cadmium, Dissolved 1.31 ug/L Utah 2017
Calcium, Dissolved 116 mg/L Suter and Tsao 1996
Chloride 230 mg/L USEPA 2017
Chromium, Dissolvetl 128.79 pg/L Utah 2017
Cobalt Dissolved 23.00 pa/L Suter and Tsao 1996
Copper, Dissolved 20.68 ug/L Utah 2017
Iron, Dissolved 1 mg/L USEPA 2017
Lead, Dissolvedi 1.99 ug/L Utah 2017
Magnesium, Dissolved 82 mg/L Suter and Tsao 1996
Manganese, Dissolved 120.00 pa/L Suter and Tsah996
Mercury, Dissolved 0.012 pg/L Utah 2017
Molybdenum, Dissolved 240.00 pa/L USEPA 1996
Nickel, Dissolved 88.98 ug/L Utah 2017
Nitrate-Nitrite-Nitrogen, Total 4.00 mg/L Utah 2017
Potassium, Dissolved 53 mg/L Suter and Tsao 1996
Selenium, Dissolved 4.60 pg/L Utah 2017
Silver, Dissolved 0.04 ug/L Utah 2017
Sodium, Dissolved 680 mg/L Suter and Tsao 1996
Strontium, Dissolved 15 mg/L Suter and Tsao 1996
Sulfate, Total NA pg/L None
Thallium, Dissolved 0.80 pa/L CCME 1999
Vanadium, Dissolved 20.00 pg/L Suter and Tsao 1996
Zinc, Dissolved 180.33 pg/L Utah 2017

Notes:
pg/L = Microgram per liter
NA = not available

11 162 mg/L as CaC¢was the lowest hardness measured or calculated on the same day (8/27/16atiting#4953990) of

the maximundetected concentration.

21 190 mg/L as CaCg@was the lowest hardness measured or calculated on the same day (8/28/16xatitm#4954000) of
the maximum detected concentration.

31 104.2 mg/L as CaC£was the lowest hardness measured or calcutatete closest day (6/25/16) at tbeation(#4954000)
of the maximum detected concentration.
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Table 6. Summary of surface water COPCs for the San Juan River based on the maximum concentration for all seven sampling locations.

. Ecological
Range of Sample - - Location _ . .
Quantitation Limits (SQLs) Range of Post Spill Detections (Sample ID) of e e Screening Value Maximum Ratio
Frequency of . - of Max Value
Analyte ~ Units Maximum Used for
Detection (1) - Compared to
Detected Screening (2) s _ val
Min. Q| Max |Q Min. Q Max Q [ concentration Value Ref. (LD L)

Ration
Greater
than 1.07

Contaminant
Category (3)
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