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Executive Summary

In response to the Gold King Mine (GKIvBlease on
August 5, 2015, EPA mobilized field crews to sample
water, sediment, and biological data from river segme
impacted by the plum&ivers downstream of the GKM
releasancluded the Animas River near Silverton, CO ta
its confluence with the Saluan River in Farmington
NM, and the San Juan River from the Animas conflue
to Lake Powell in UtabA detailed examination of the
water chemistry and sediment data collected from the Study Questions
Animas and San Juan rivers is presented in the EPA
ORD reportAnalysisof the Transport and Fate of Metal{§ S SIERGTERELS UREIEEET [ER G Jellee][e=]
Released from the Gold King Mine in the Animas and degradation in the already contaminated
San Juan River€EPA/600/R16/296). upper Animas River?

|\ N

-

Did the GKM release degrade biological
communities in other segments of the
Animas and San Juan rivers that had not
been known to havgstoric metalimpact®

In this report, EPA presents its analysis of available
biological data collected from the Animas and San Jug
rivers to assess haotlie aquatic life responded to the
GKM release. Biological communities provide a
measure of water quality and aquatic habitat quality b
responding to extreme events, such as the GKM reles
and integrating stressors over time. Data gathered for
analysis include the EPA nederm (postGKM release
fall 2015) and longerm (fall 2016) biological ,
monitoring of 30 locations, as well as biological data Some fish accumulated metalie

collected byfederal,state and tribal partners. The R 11 El) Sverit LEVel i

sampling and analysis approach was designed to eval RS Ol bl e
piing Yy PP 9 when samples were collected again the

Biological Resmpnse to the
GKM Release

potential changes in the species compositions, popula following springandnever triggered
abundance, and the concentration of metals in the tiss human health consumption advisories
by comparing thpostGKM release data to the pre There were no measurable changes to
release anditions. benthic macroinvertebrate assemblages
after the GKM release.
The upper Animas River immediately below the There were no clear impacts on fish
confluence with Cement Creek experienced the highe populations after the GKM release.
metal concentrations, the greatest number of water Differences in sampling methodssed
guality standards excursions, and the greatest deposit by the states and other partners across
of GKM sediment, during and immediatdollowing the yearslimited what could be interpreted

GKM releaseA significant increase in copper and in the report.
decreases in manganese concentratiereabserved in
benthic macroinvertebrate tissue in the rieam 2015
samplesAlthough these conditions existed, the-pard
postGKM release analys did not reveal any clear
changes in the aquatic community. The lack of a

biological response is largely because the aquatic life
this section of the river has been impacted for decade
legacy contamination from historic mine ore processin
and on@ing acid mine drainage contamination. The
sensitive macroinvertebrate and fish species that wou
be expected to respond to the GKM release were alre
extirpated from the upper reaches of the Animas Rive
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In the middle Animas River, we also did notsebve eclearloss of, or change in the more sensitive
macroinvertebrate and fish taxa that start to appear as one moves away from the concentrated historic
mining operations in the headwaters. Our review of the Animas Rdwdtfish population data catcted
by Colorado Parks and Wildlifieear Durango agrees with existing state analyses, reports, and press
releases that concluded fish were not exposed to acutely toxic concentrations in 2015. Naturally
reproducing fish species (suckers and scul@ing tout fry continue to be found in the Animas River at
prereleaseabundance levelseeks afteand a year followinghe GKM releasehowever smalbluehead
sukersless than <200 mm were not observed in the 2016 Thtalack ofa substantial biological
regponse in this sectioof the river can be attributed to dilution of the plyiiee dominanform of the
metak was particulate rather than dissolyaddexposure duratiowas short, whiclesulted irfewer
excursions of water quality standards.

Our analysis of fish tissue data colleclydNew Mexico Department of Game and Fistowedhat many
metals were significantly elevatedbiueheadsuckerand flannelmouth suckéiwer andspeckled dace
muscletissuesamples collecteh weeksafter the GKM ré&ase in the lower Animas Rivérhe degree of
metal accumulation in liver differed Ispeciessampling locationand among the metals, with aluminum,
cadmium, lead and manganese exhibiting the greatasentrationsCadmium and mercury in liver tissue
and selenium in muscleeregreater in the San Juan tharthe AnimasWhen fish were sampled the
following springand fall in2016, the concentration of metatsmusclefilet samples were similar to pre
release concentrations and wkw throughout both riverdzor the most part, the elevated liver
concentrations in 2015 did not translate to elevated muscle concentrigtetakconcentrations in muscle
tissuenever triggeredhuman health consumpti@ayvisories Therewere ndfish populationdata available
from this section of the Animas River to help us understhtittimetalconcentrations fish tissue were
sufficiently high to adversely affect tffish populations

By the time the GKM plume reached its confluence with the San Juan River, total metal concentrations had
declined by three orders of magnitude from what they were when the plume entered the Animas because of
the combined effects of the dilution, chemical reawti and deposition. The excursions of aquatic life

water quality criteria in the San Juan were limited to metals that are also naturally high in the sediment and
water.

The U.S. Fish and Wildlife Service fish population data for the San Juan Riversidigh abundance in
2015 and 2016 was generally within petease levelsThe exception to this was the abundance of
bluehead sucker, flannelmouth sucker, and speckled dace in the middle reaches of the San Juan River.
These species had historically lavundance in this area in both 2015 and 2016. The razorback sucker,
Colorado pikeminnow and channel catfish, however, had high abundance in 2015 ani26i@re

potential predator/competitor speci®ge cannotoncludethat changes in the physidak., releasdrom

the Navajo damesulting in a short duration of increased fjamd chemical conditions in the San Juan
River during and after the plume contributed to changes in species abuadaheeaquatic life water

quality criteria excursions wetinited andthe flow increase was similar to a moderateed storm event

It is as plausible that a combination of ecological (increase of predator/competitor species) and physical
interactions, and/or fisheries management actions (stocking of razorback and pikeminnow), contributed to
the observed changes.

With respect to metalaccumulated in biotaneyear postGKM release metal concentrations measured in
benthic macroinvertebrate tissue and fish tissue generally track the gradient of concentrations measured in
sediment and water through the watershed. The highest metahtratioss in tissue were typically
observed in the upper Animas and the lowest concentrations were observed in the Saocaiiaed high
metal concentrationsereobservedn the postreleasdissue datahowever thelocationat which the high
concentations were observesias not consistent among yearghlighting the high intraand inter site
variability in tissue concentrations fall 2016, many metals were elevated in benthic macroinvertebrate
tissue when compared to the petease concentratip however, the high concentrations were also
observed in the upstream and tributary samples suggesting that something other than the GKM release

1
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contributed to the concentration change. Likely explanations include differences in sample collection
methodobgies between years and taxonomic differences between sampling locatommsparison of pre
and postGKM fish muscle data among data provider showed similar concentrations that did not exceed
human health consumption screening advisory levels.

The EPA D16sampling was the first effort tabtainbiological data thatoveredthe entire Animas and

San Juan rivers in a single sampling event with consistent sampling methods. Our ability to conduct a
watersheekscale analysis of data collected by all partweais limited by the different sampling and

analytical methods and revealed the need for a consistent sampling approach. This was especially true for
studies focusing on bé@cumulatiorof metals. Future watershadale monitoring efforts should include
thedevelopment of consistent sampling methods when an objective is to compare results to data collected
from other areas of the watershed.
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CHAPTER1 OVERVIEW

The impact of historic mining on water resources in the Animas River watershed in the San Juan Mountains
of southwest Colorado h&i®en a concern for decades. Beginning in the 1870s, the headwaters of the
Animas River near the town of Silverton became home to a dense network of hard rock mines from which
gold, silver, lead, zinc, and copper ores were extracted from the highly naedrgéologic formations

found in the Colorado mineral belt (Figure 1.1). Mining operations in this area ceased by the early 1990s,
leaving hundreds of abandoned mines that historically have discharged an average of 5.4 million gallons of
acidic mine drainge (AMD) per day into the headwaters of the Animas River (USGS 2007). AMD

contains high concentrations of heavy metals, such as iron, aluminum, zinc, lead, cadmium, copper, and
many others. Metals generated from AMD and historic ore processing have idnecenimas River and

its aquatic life for more than a century. The U.S. Geological Survey (USGS) focused considerable research
activity in the upper Animas watershed from 1995 to 2007, to guide restoration plans to abate AMD and
reduce metals contaminati (USGS 2007) in this heavily impacted area. Research included the collection

of physical, chemical and biological data as well as metals accumulation in biota and toxicity tests.

As a result of these studies, federal and state governments, as wekeaslster groups have conducted
remediation activities in the watershd&the Animas River Stakeholder Group, the Bureau of Land
Management, the Colorado Division of Reclamation/Mining and Safety, and EPA Region 8 have
completed remediation projects in thatershed (EPA Region 8, Upper Animas Mining District: Draft
Baseline Ecological Risk Assessment, http://www2.epa.gov/region8fappeasmining-districtdraft
baselineecologicalrisk-assessment). The Colorado Department of Public Health and the Enwitdmase
developed more than twenrfiye Total Maximum Daily Loads (restoration plans required for waterbody
segments considered impaired under the Clean Water Act) to help guide restoration activities towards
meeting water quality standards. However, fonsavaters, including Cement Creek, the State of Colorado
has followed procedures under the Clean Water Act to remove aquatic life support as a designated use for
the waterbody because it is not an attainable goal (Colorado Department of Public Healilofr&emnt,
https://www.colorado.gov/pacific/cdphe/trasthrjuanand doloresriver-basing.

On August 5, 2015, an EPA team investigating thel®ing Mine as asource of metls inadvertently

triggered a release of 3 million gallons of acidic, mimduenced waters. These waters had been trapped by

the collapsed mine structure and rock blocking the opening (or adit) of the mine, damming the water behind
the collgpse and causing the waters to become pressurized. Over adagberiod, the plume from the

release flowed down the Animas River to the San Juan RitaerEPA reporOne Year After the Gold

King Mine Inciden{EPA 2016) providesan overview of th&EPAO s r esponse tandt he GKM
additional information on the environmeahconditions of the watershed prior to and after the incident.

The EPA, the states, and tribes began monitoring metals in water and river bed sediments throughout the
affected rvers to assess risk to public healtrcampared wittwater quality criterisand probable effect
concentrationsln September 2015, the EPA released a follpadraft conceptual monitoring plan (CMP)

that specified how the agency would gather scientifia da physiochemical and biological parameters
downstream of the GKM release. The CMP was finalized March 2016 and incorporated comments received
from local, state and tribal stakeholders; knowledge gained from the first round of sampling in fall 2015
andincreased familiarity with the historic data. (https://www.epa.gov/sites/production/files/2016
03/documents/poggkm-final-conceptuaimonitoringplan_2016_03_24_16.pdffhe primary objective of

the CMP wado providebiologicaldata that span the watershiat can be used to compare current
conditions to conditions that existedtive watershed prior to the GKMIease. Thes#ata were also

collected for use by EPAtates tribes, and local entities to supplement a general assessment of water
guality, seliment quality, and biological conditions in the watershed.


https://www.colorado.gov/pacific/cdphe/tmdl-san-juan-and-dolores-river-basins
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Figurel.1l. Map of mines within the Animas River headwaters, many of which are
abandoned. Mining has not been economically viable in this area since the early 1990:
(Map modified fromUSGS007).

The EPA Office of Research and Development (ORD) refaalysis of the Tramert and Fate of Metals
Released from the Gold King Mine in the Animas and San Juan RERA$600/R16/296) provides a

detailed examination of the water chemistry and sediment data collected from the Animas and San Juan
rivers before, during and afteretiheleze EPA2016c¢).

This report presents EPAO&s analyses of the biologl
during the GKM release and the months followingusing data collected byates tribes,federal partners,

and EPAPostrelease dta providers included Colorado Parks and Wildlife (CPW), Colorado Department

of Public Health and Environment (CDPHE), New MexicoviEznment Departma (NMED), New

Mexico Department of Game and Fish (NMDGF), Southern Ute Indian Tribe (SUIT), Navajo Nation
Environmental Protection Agency (NNEPA), and U.S. Fish and Wildlife Service (USHBtS#)gical

data presented here include fish and benthic macediebrate community data, biological tissue data, and

physical habitatStates antribes have already reported key findirm)s&igency studies of the immediate

impacts of the event to their stakeholders


https://www.epa.gov/goldkingmine/updated-draft-fate-transport-analysis-documents
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The objective of this report wao consolidate available data into an integrated analysis bidlogical
response tthe GKMreleasdyy exploring the following questions:

1. Did the GKM event add to biological degradation in the already contaminated upper Animas
River?

2. Did the GKMrelease degrade biological communities in other segments of the Animas and San
Juan rivers that had not been known to have historic metal impacts?

3. Were acute impacts to the biological communities leseduring the initial GKM release when
metals concen#ttions were highest?

4. Were longterm changes in biological communities observed a year after the GKM release?
Report Outline

Chapter 2 provideanoverview of theAnimas and San Juaiverswatershedssmphasizing the factors that
influence aquatic habit@nd metals characteristics that contribute to the distribution and vitality of
macroinvertebrate and fish communiti&se overview provides a brief review of two decades of extensive
study of the impact of acid mine drainage and historical mining pradaice¢he biological conditions in the
mining district in the headwaters of the Animas River by USGS, EPA and academic rese@hiters

chapter also reviews the physical and chemical conditions that may have influenced biological communities
during and aftr the GKM release.

Chapter 3 discusses the availabi@logicaldata and methods of analysis used to synthesize awider
assessment the GKM releaseBiologic data was diected bystates tribes,watershed groupshe
USFWSand EPA before, dumg, and after the GKM release.

Chapter 4 provides an overview of fhestGKM physical habitat conditions data collected by E@d
contractors

Chapters 5 and present the benthic macroinvertebrassemblagand fish community analyses
respectivelyPre and postGKM release analyses are provided for sections of the Animas and San Juan
River with historic data.

Chapters 7 and 8 presemalyses of the metad&cumulated in benthic macroinvertebrate and fish tissue,
respectively

Chapters 9 and 1€y/nthesize the findings and present watershed wide longitudinal trends in metal
concentration a year following the release, after the GKM deposit moved through the §fsigter 10
also providesecommendations for future biological monitorimghe Sa Juan watershed.
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CHAPTER 2 BACKGROUND WATER QUALITY, SEDIMENT QUALITY AND
ECOLOGY IN THE ANIMAS AND SAN JUAN RIVERS

2.1 Watershed features

The Animas River is a major tributary to the San Juan River that originates thighSan Juan Mountains
in southwestern Colorado. After flowing southward for 200 km, the Animas joins the San JaaatRiv
Farmington NM. (Figure 21). The San Juan River then flows westward for nearly 400 km through
increasingly arid s terrain unti flows into Lake Powell in Utah. The Animas and San Juan rivers
downstream of their confluence are hereafter referred to as the study area.

The baseline physical and chemical characteristics within the rivers establish the foundation for the
expected coposition and abundance of the aquatic biota. Physical habitat characteristics such as water
temperatures, channel slope and river bed morphgéoglcomposition influence the spatial distribution of
aquatic communities atwaatershed and local scaleivBr ecosystems change significantly along the-600

km length as the Animas and San Juan rivers transition through more than 5,100 ft (1,500 m) of elevation
change and flow through diverse climatic, geologic and geomorphic conditions. Anthropogenic alterations
to these conditions (e.g., riparian disturbance, channelization, flow modificatiamedgdquality
degradationgffect the abundance and distribution of species that would normally be expected to occupy
those habitats.

/
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Sources: Esri| USGS, NOAA

Figure2.1. General map of the San Juan River watershed.
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Animas

Cement CreekRKM12.5)

WA

 suth of Iﬁurango (RKI 110)

Upper and niddle AnimasRiver

The Animas River originates high in the San Juan Mountains of
southern Colorado near the town of Silverton, Colorado. Aquatic
habitats lie within the alpine and subalpine forests with most of the
watershed managed as the San Juan National Forest. From 8,500 ft
(2,600 m) elevation in Silverton, the Animas River flows

southward for approximately 50 km, descending through a steep
and narrow canyon carved into the Precambrian basement rocks.
The Animasabruptly exitsh e canyon at(RBvaker 6s
64) and flowsonto a wide alluvial valley near Hermosa Springs

about 30 km arth of DurangpCO. The channel is heavily braided

for about 10 kilometers before establishing a meandering form that
persists tdurango. The high gradient segment above Bakers

Bridge is generally referred to as the upper Animas, while the

lower gradient segment that extends downstream through Durango
and the Southern Ute Indian Reservation to the Colorado/New
Mexico border is refeed to as the middle Animas.

Within the upper Animaand tributaries (e.g., Cement Creek and
Mineral Creek) summer water temperatures are relatively cool (<
17°C; Figure 2.2 and river morphology is steep (0.7 to 1.6%
gradient) and characterized by riffl, cascades, and falls with
coarser substrates composed of gravel, cobble and boulders. Upon
exiting the canyon, the middle Animas segment transitions to
warmer water, fine substrate sizeddransitional biotic

communities.

Lower AnimasRiver

The Arimas River becomes mooenstrained with a straighter
course within the incised valley from DurangOto Farmington

NM where it joins the San Juan River 190 km from the headwaters
origin. The segment between Cedar Hill and Farmington is
generally referretb as the lower Animas River. The lower reaches
of the Animas are warm (maximum temperatureéC2€igure

2.2), channel slopes are moderate (0.4%) and habitat conditions
continue to transition to low gradient, fine substrate channels.

San Juan River

The San Juan River has been regulated by the Navajo Dam located
approximately 60 km upstream of its confluence with the Animas

at Far mi ngt on he Anmasroutinehesupbli@s 0 6 s .
approximately 50% of the flow of the combined rivarsl is the

primary unregulated source of perennial flow to the San Jliaa.
Navajo Dam has altered the flow regime of the San Juan River
downstream of the dam, changing its ecology from a warm, muddy
and highly seasonal river to one with relatively constant flove

San Juan River retains more of its unregulated nature below the
confluence of the Animas.

B

T
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San Juan: in FarmingtofiRKM 194)

San Juan: eMontezuma Creek
(RKM346; August 2015)

w

Photo: Utah Degrtment of Environmental Quality
San Juanat Bluff, Utah
(RKM377, USGS Gage)

Spring snowmelt from the Animas and monsoonal storms in
the more arid tributaries are the primary source of flow
variability. Maximum water temperatures can exce€t30
The SanJuan River flows westerly towards its junction with
the Colorado River near Mexican H&IT within a valley that
for most of its length is shallowly incised into a series of
sedimentary rock formations at various depths. The river flows
through highly eroithle marine and continental sedimentary
rocks and carries a high sediment loadrduseasonal storms
Valley width ranges from tens to hundreds of meters and
channel widths range from 50 to 100 m with low gradient
ranging from 0.07 to 0.16% and dominabadfine-grained
particles. Braided channels are comntomost of the
intermittent tributaries and probably was in much of the San
Juan River mainstem before flow control. Now the mainstem
channel alternates between stable rthiteaded channels with
vegdated island bars and straight intervening segments.

Land Use

Most of the combined Animas drsan Juan River watershed
areremote and unhabited.Vegetation is characterized by
subalpine forestm the headwaters of the Animtsat is
managed primarily ypthe US Forest Service and shrubland,
rangeland andrasslandn the rest of the area (EP®79). The
watershed is lightly populated, with most settlements
concentrated along the San Juan and Animas

rivers. Farmington, New Mexicds the largest city andther
major populatiorcenters includ®urango, Coloradaand
Aztec, andShiprock, New Mexicolrrigated agriculture is a
major land use in the middle and lower reaches of the Animas
River, withdrawing water through system of ditches and
canals. There are also numerous wells drilled into the river
floodplains that supply public, domestic and irrigatigsers.

The San JuaRiver flows through the states of New Mexico
and Utah and the tribal lands of the Navajo Nation and Ute
Mountain Ute Tribe. Within this generally arid area, the river
supports irrigated farming. A large canal diverts water from the
San Juan River near WaterflpihM to supply regional
irrigation water needs. Near Mexican Hat, UT, the San Juan
River ultimately flows into Lake Powell created bgtBlen
Canyon Dam at Page, AZ elevation of 3,400 ft. Population
density is sparse downstrm of ShiprockNM. Most of the
lower San Juan River in Utah flows through inaccessible
canyons that largely preclude habitation.


https://en.wikipedia.org/wiki/Farmington,_New_Mexico
https://en.wikipedia.org/wiki/Durango,_Colorado
https://en.wikipedia.org/wiki/Shiprock,_New_Mexico
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Figure2.2. Water quality conditions along théength of the Animas River (RKM to 195) and the San Juan Rive
below its confluence with the Anima at Farmington (RKM95-650) A) average maximum obsered water
temperatureseach year at USGS gages; B@¢ambed sediment distribution was btained from EPA post

release habitatsurveys; Cjange of pH observed annually measured by sondeployed at USGS gag2e16
2018 D) water hardnesdn 20152016samples

2.2 General distribution of a guatic life

Fish need plants, insects and benthic macroinvertebrates tofgs@eam and streambank cover for shelter;
appropriate streambed substrate conditions for spawning; and overhanging vegetation to shade the water in
which they live. The changes in temperafulissolved oxygen, pH and myriad other physical and chemical
constituents in water along the river continuum influencecki@anges irspecies compositiospecies
abundanceandphysical habitathat are observed as one moves from the headwaters dbakedowell

The generalongitudinal change iwater quality and sediment conditions along the Animas and San Juan
rivers is provided in Figurg.2 Water temperature increases while particle sfzbe benthic sediment
decreases with distance from headwatéfatershedyeologystrongly influences water quality. The

volcanic geologyithin the upper Animas generate river flow with low pH and high metals content. The
sedimentary rocks characteristic of most of the watérbludfer pH. The importamcof headwaters

geology in determining water quality will be discussed later in this chapter.
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2.2.1 Fish communities

Fish communities transition from coldwater species in the headwaters of the Animas Riaemiater
communitiesm the San JuafTable 2.1) The upper Animas River lies entirely within alpine and subalpine
habitats and would be expected to support coldwater species typical of the Colorado Rockies. Barriers to
upstream movement in the Animas River canyon limited dingposition of the native fish community to
cutthroat trout that are currently found in high altitude tributaries with good water quality (vonGeterard

al. 2007). Brook trout were introduced to the upper Animas as early as 1885.tRBratoére well adapte

to coldwvater, small stream habitats. Populations are sustaining and brook trout are currently the
predominant fish species, but are locally impacted by poor water quality (Besser and Brumbaugh 2007).
Rainbow trout were also stocked in the upper Animasgabus times but were not as successful.

Below theAnimas canyon, ativefish speciesncludebluehead suckeflannelmouth sucker, kite sucker,
speckled dace, anmtottled sculpinThe Colorado Division of Wildlife (CDW) manages two segments of

the midde Animas River between Durango and the Colorado/New Mexico border to provide a high quality
recreational fishery of brown and rainbow trout. Natural reproduction of trout in the middle Animas River
is low; thereforethe fishery is supported by annualadtimg with fry/ffingerling/subc at c habl e s al mo1
and catch limit@re used to control angling press(@®W 2010, 2015). Cutthroat trout fingerlings have

also been stockednge 2005. Rgular inventories of the Animas River fish for the last sdreales

have shown thatoutbiomass and densitsary from year to year due to multiple factansluding water
temperatures, stocking rates, and potentially metals from the upper Animagli2é/ii2010). Summer

water temperatures are near optimal for rainbo brook trout in this segment (generally withid)8

but maximum temperatures can become stressful for rainbow trout during low flow years. The river is also
heavily used for recreational boating and swimming.

The lower Animas River iwider and warmethan the middle Animas. New Mexico Environment

Department (NMED) classifies this reach as marginal coldwater aquati2dife.4 NMAC) Maximum

summer temperatures reaclf@&ut seasonal temperatures during other times of the year are much more
moderak. New Mexico Department of Game and Fish (NMDGF) stocks artiMoreach of the Animas

through Aztec, NM with catchable rainbow trout. The lower Animas has abundant populations of bluehead
suckers, flannelmouth suckers, and speckled dace with white swa&erpresent. The U.S. Fish and

Wildlife Service (USFWS) has stocked razorback sucker and Colorado pikeminnow in the lower Animas
River annually since 2011

Like the lower Animas, the uppeaB Juan River ned&armington is designated as marginal coldwater
aquatic life and warmwater aquatic life by NMED. Summer maximum temperatures exé€ed28 San
Juan River provides habitat to at least eight native species including cutthroat trout, roundtail chub,
specked dace, fannelmouth sucker, bluehead sucker, mottled sculpin, Colorado pikeminnow and
razorback sucker, with a possible nisgiecies being theonytail chub. The nenative common carp and
channel catfish have become widespread in the lower reach $athéuan (USFWS 2006). Rainbow and
brown trout occur neargfmington but abundance vargsasonally.

The San Juan River downstream of the Animas River is desighated as critical habitat for federally
endangered Colorado pikeminnow and razorback suckerS&n Juan River Recovery and
Implementation Program (SJRIP) was established to support the recovery of the endangered Colorado
pikeminnow and razorback sucker, in conjunction with water development projects in the basin. The
USFWS with state and tribabpners manage the plan including conducting{mg fish community
surveys from the Navajo Reservoir to Lake Powell. The braiding chaypegtharacteristic of this low
gradient river is important to successful reproduction of the native fish thiiwselocity and backwater
habitats created by the braiding channel morpholBlpyy managemerdtthe Navajo dam contributes to

the loss of braidedhannels and associatkabitat Endangered fish are also subject to predation from non
native fish; chanreatfish are actively removed to facilitate recovery of the endangered fish.
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Table2.1 Fish occurrence within the Animas and San Juan rivers, as available from various sampling data listed in

Chapter 3.

Common Name

Scientific Name

General Area Within Watershed
Collected

Status and Notes

Brook trout

Salvelinus fontinalis

Upper Animas

Introduced, population limited
due to metals

Brown trout

Salmo trutta

Upper, middle, lower Animas,
upper San Juadurringsometimes
of year

Introduced, annual stocking
program in middle Animas

Rainbow trout

Oncorhynchus mykiss

Upper, middleand lower Animas

Introduced, annual stocking
program in middle Animas

Cutthroat trout

Oncorhynchus clarkii

Upper and middle Animas

Native, onfined to
uncontaminated high elevation
streams outside the mining
district; occasionally stocked

Mottled sculpin

Cottus bairdii

Upper and middle Animas

Native; limited in pper Animas
due to metals

Speckled dace

Rhinichthys osculus

Middle and lower Animas,
upper San Juan

Native

Bluehead
sucker

Catostomus discobolus

Middle and lower Animas,
upper San Juan

Native, larger river habitats

Flannelmouth
sucker

Catostomudatipinnis

Middle and lower Animas,
upper San Juan

Native, larger river habitats

White sucker Catostomus Lower Animas Native, larger river habitats
commersonii

Razorback Xyrauchen texanus Upper and lower San Juan Native, endangered status

sucker since 1991 (flow modification)

Colorado Ptychocheilus lucius Upper and lower San Juan Endangered status since 1967

pikeminnow (flow modification)

Channel catfish

Ictalurus punctatus

Upper and lower San Juan

Introduced, eradication
program to reduce predin
on native fish

Common carp

Cyprinus carpio

Upper and lower San Juan

Introduced, eradication
program to reduce predation
on native fish

2.2.2 Benthic macroinvertebrates

Streams can have several hundred different kinds of bentigooinvertebrates with total numbers ranging

in the thousands. Three orders of aquatic insects are common in the benthic macroinvertebrate
communities These orders aEphemeroptera (mayflies), Plecoptera (stoneflies) anddptera
(caddisflies). EPT taxécombined Ephemeroptera, Plecoptera, andhdptera)tend to prefer higher

gradient, coarse substrate habitats and would be expected to be observed in high abundance in the coarser
river substrates characteristic of mostie AnimasRiver. These taxa are also generally considered to be
sensitive to or intolerant of pollution and are widely used as indicators of water quality.

Macroinvertebrate communities have been sampled through the length of Animas River at vargus time
over the past 20 years. Andersaral (2007) sampled the Animas River from the headwaters downstream
to the boarder with NM and a single sampl&ew Mexicoin 1996, finding some degradation of benthic
macroinvertebrate communities relative to refeestnibutaries throughout. Various metrics of
macroinvertebrate communities presented by Andezsah (2007) are shown n FigureX Species

richness, number of taxa, and sensitive taxa are very low in the upper Animas River within the first 50 km

10



EPA Gold King Nie Biological Response Report

of river length and tend to increase once the river enters onto the alluvial river valley near Bakers Bridge

(e.g. caddigies and mayflies in Figure . While the San Juan River is not represented in the graphs

below, the expected composition of San JuareRmacroinvertebrate communities would not be the same

as that expected from the Animas River. The macroinvertebrate composition in the San Juan River would
reflectthe differing physical and chemiephysical factors such as the presence of increasegfaieed
particles in the stream bed as well as warmer water temperatures
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Figure2.3. Characteristics of macroinvertebrate populations in the Animas River. Data in figur€present

data from Anderson (2007), D) presents prelease data collected by states and tribes.
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National Rivers and Streams Assessment (NRSA). In #tismal survey, regionally specific benthic
macroinvertebrate mutinetric indices (MMI) are the primary tool fossessing biological conditioRive

to six individual assemblage metrics, such as taxonomic richness, composition and diversity, functional

feeding groups, habits/habitats, and pollution tolerance, are combined to create each of the regionally
specific MMIs (EPA 201B). By combining metrics that represent different aspects of the benthic
macroinvertebrate assemblage, each MMI integrates thete of multiple chemical and physical
stressors. Additionally, due to the unique lifetdiig characteristics of benthimacroinvertebrates (life
cycles of weeks to a few years and relatively immobile), this assemblage integrates the spatial and tempora
impactsof stressas more comprehensively thadther biological assemblages, such as algae and fish.
Regionally specit reference conditions were used to develop biological condition benchmarks for each
regional MMI. NRSA MMI scorefor the Animas Riveare shown in Figur.3, and have been

categorized into good, faiandpoor condition basedponregionally relevant benchmarks, either the

11
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Western Mountains or Xeric aggregate ecoregiX 2016h. When applied tprerelease samples,
NRSA MMI scores Bowa trend of increasing benthic macroinvertebrate condition on the Animas River as
you et further from the headwatgfSigure 2.3 D)

2.3 Persistents tressors to aquatic life

There are numerous stressors to fish and bentharoinvertebrates in the Animas and San Juan rivers.

Like most watersheds, land use often impacts water quality through introduction of pollutants and loss of
riparian function. Those factors as well as flow management and recreational river use affiequialiy

and aquatic communities, especially in the middle and lower reaches of the Animas and San Juan where
populations centers are located. Nutrient loading from agricultural runoff is high in lower reaches of the
Animas River. Sediment loads are Ihig the lower Animas and San Juan River during monsoonal storms
that occur in the region during the summer/fall months. However, metals contamination of water and
sediment due to the headwaters geology and past mining activity have had an impact otifaqodtie

upper Animas River, extending downstream for some distance.

2.3.1 Metals in the watershed

The AnimasRiver originatesin aregionally importangeologic zone known as the Colorado Mineral Belt

that was formed in a series of regional volcanic eomgtthat took place during the late Paleogene (28

23M years ago). Regional volcanism left relict features including the remnants of a large calderd@lmost
kmin diameterthat is also the source of the Animas RiW¥ithin the caldera are mineralizedfeile ores

that contain extensive areas of naturally acidic rocks and soils withyrdeposits of gold, silver, zinc,

and copper. The ore deposits were extensively mined for 120 years before the last mine was shuttered in
1991 (uedke and Burbank 1999on Guerarabt al 2007)

The ore bodies generate high concentrations of trace heavy metals in soils and water and naturally low pH
in the streams that drain theihree main headwater tributaries define the area containing the sulfide ores
and the mining district. Mineral Creek and the Upper Animas River border the caldera on its western and
easterrsides, respectively (Figure42A). Portions of their watershedtsa drain the surrounding

calcareous sedimentary rocks that buffer acidity and create locally variable conditions of metals
concentrations and pH within these streams. Cement Creek dissects the caldera and has persistently high
metals concentrations andrydow pH. Cement Creek, Mineral Creek, and tibper Animas River

converge in the valley where the town di/&rton is located (Figure 2.B).

Water quality in the upper Animas River and its tributariesfilsenced bynatural oregndhistoric

mining. Mining activities have added substantially to metals concentrations in water and sediments in the
aquatic environment. Mining operations left hundreds of abandoned mines with many miles of
underground workings that have altered subsurface hydrologyiligidetscale. The mining voids collect

and provide preferential flow paths for groundwater while the voids provide an ideal environment for
oxygen enrichment that triggers the apidducing reactions in the ore deposits. Abandoned mines have
historicallydischarged an average of 5.4 millionlgas of AMD per day into the headwaters of the

Animas River (USGS 2007). AMD contains high concentrations of heavy metals, such as iron, aluminum,
zinc, lead, cadmium, copper, and many others.

It was also common pctice through much of the mining era to dump maikngs and minevaste rock

that had been pulverized to remove sulfide diiesctly into the rivergvon Guerarcet al 2007) By the

time mining ended, more than 8.6 million short tons of taillngs and waste had been discharged directly
into the Animas River and its tributaries from the headwaters to Dufdnges 2007)Substantial

amounts of the discarded wasteavebeen subsequently transported downstream and dispersed in stream
deposis (Churchet al. 1997;UGSS2007), while considerable amounts remain in place where they were
dumped

12
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A)

Upper Animas Rive; "

“"Cement Creek

Silverton, Cdfrom: USG2007).B) Aerial view of the Silverton caldera area and the three main tributaries
the Animas River; Silverton is located in the centerttmm of the image (Source: GoogleEarth).
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Metals concentrations in the bed sediments of the Animas and San Juan rivers reflect the metals
concentrations in soils and the underlying geology from which they are formed. A watershed view of
metals concentt®ns in soils, river sediments and water as well as aquatic life are shown for 4 metals
known to be important to aquatic life including Cu, Zn, Pb, Cd in Fi2u®2.8. Soil metal maps shown
in panel A of each figure were obtained from the USGS Mineralogy website that spatially maps soil
concentrations from compiled nationwide soil pit data.

Metals concentrations in the soils along the trace of the Animas and Saivéumnange from among the
highest measured in the United States within the sulfide ores in the headwaters to the lowest generally
observed along the length of the San Juan River, especially where local lithology is dominated by
continentally deposited dimentary rocks. The concentrations of most trace metals are at extreme values in
a circle centered within the Silverton caldera and the headwaters mining district. High metals
concentrations are not constrained to the caldera but radiate outward fatlistamee. Concentrations

decline sharply or gradually along the river path, depending on the metal. Soil concentrations reach
moderate levels at some point along the Animas River within the middle to lower Animas. Most, but not
all, trace metals show a siar pattern.

Availablesediment and dissolved water data collected by various agencies in study of the river are shown
in panels B and C, respectiveRiver dataareplotted with the horizontal axis reversed to match the

general east to west flow of thiger. Sediment and water metal concentrations within the Animas decline
from high values observed in the impacted mining district by two to three orders of magnitude by the time
the Animas joins the San Juan RivEhis decline is due to dilution with wexr and sediments from

surrounding low concentration geologic formations, as well as transformation of dissolved metals to solid
forms from biogeochemical reactions in higher pH watEigure 2.2.C)

Metals in river sediments generally follow the sanagetitory as those in soils in the river proximity

(Figure B in each panel). The trace of the midpoint of the soils concentration categories in panel A are
shown on the sediment graph (panel B). Metals in river bed sediments tend to be similar to tieose in t
soils in the San Juan River iMhriver bed sediment concentrations exceed soil concentrations

Animas River This could reflect the contamination of river sediments from mine waste disposal during the
first 70 years of miningctivity (Churchetal. 1997, 2007, Jones 2007).

Dissolved water concentrations are also high in the headwaters within the ore deposits and decline with
distance downstrearissolved concentrations vary over a wider range at a location refléloting
importance oseasonalunoff and storm eventbat may mobilize metals sequestered in the stream bed
Metals concentrations are generally similar through the length &hduanMetals conentrations in the
San Juamre most strongly influenced by episodic stormflow snsigndedsedinent loads EPA 2016).

The wide range and systematic declining pattern of background metals in water and sediment in the
Animas River at the watershed scale identifies the general influence of environmental concentrations on
biological communies. Fish and aquatic invertebrates readily assimilate metals from their environment
(Elder 1989). While most research has focused on conditions within and immediately downstream of the
mining district, a few have studied metals in the environmental axia downstream to determine the

extent of mining impacts throughout the Animas River (Chetcdl. 1997; Anderson 2007; M1016.

The metals concentrations in aquatic organisms has been measured for lengthy portions of the Animas
River as part of enviranental impacassessment for public proje¢tdS Bureau of Reclamation 199énd

risk assessments in support of minnetpted remediation activities in the mining district (USGS 2007,

EPA 2015).
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Figure2.5. Longitudinal distribution of copper (Cu) in A) soils, B) river bed sediment, C) viater, D)
macroinvertebrate tissue (MSI 2016) and E) fish tissu& (Bureau of Reclamation 1996@Horizontal (distance)
axes are reversed to follow east to west path of river. Soils map was obtained from the US Geological Su
Mineral Resources Chine Patial Data website lfttps://mrdata.usgs.gov/soilgeochemistry.
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Figure2.6. Longitudinal distribution of zinc (Zn) in A) soails, B) river bed sediment, C) vixger, D) benthic
macroinvertebrate tissue (MSI 2016) and E) fish tissU& (Bureau of Reclamation 199@Horizontal (distance)
axes are reversed to follow east to west path of river. Soils map was obtained from the US Geological Sur
Mineral Resources ®Line Spatial Data websiténftps://mrdata.usgs.gov/soilgeochemistry.
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Figure2.7. Longitudinal distribution of lead (Pb) in A) sails, B) river bed sediment, C) river water, D) benthic
macroinvertebrate tissue (MSI 2016) and E) fish tis§uU& Bureau of Reclamation 199@&1orizontal (distance)
axes are reversed to follow east to wesath of river. Soils map was obtained from the US Geological Survey
Mineral Resources Ghine Spatial Data websiténftps://mrdata.usgs.gov/soilgeochemistry.
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Figure2.8. Longitudinal distribution of cadmium (Cd) in A) soils, B) river bed sediment, C) wager, D)
benthic macroinvertebrate tissue (MSI 2016) and E) fish tisdu8 Bureau of Reclamation 1996Horizontal
(distance) axes are reversed to follow east to west path of river. Soils map was obtained from the US
Geological Survey Miner&esources Oiine Spatial Data website

(https://mrdata.usgs.gov/soilgeochemistry.
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Metals in fish tisse weresampled n t h eat MuBifedo@ations from the headwaters to Farmington
NM for the U.S. Bureau of Reclamation La Plata Project Environmemalct Assessment (US Bureau of
Reclamation 1996 Mountain Studies Institut@SI) collectedmacroinvertebrate populations in the upper
and middle Anima# 2014 including metals imacroinvetebratetissue(MSI1 2016). Data from these
sources are shown with soil, sediment and water concentrations in panels D (macroinvertebrates) and E
(fish) in Figures2.5-2.8. Note that tissudata wereonly available from the Animas River.

These surveys shothat fish and macroinvertebrates in the Animas River assimilate metals and generally
had higher body burdens of copper, cadmium, and zinc in the headwaters of the Animas where
concentrations in water asgédiment are greatesiead and arsenic (not shoywvere present in
macioinvertebrates but not in fishlighest concentrations of metals in benthic macroinvertebrates (peaks in
D panels) were sampled from the monitoring location upstream of Cement CreekHig&Bstudies have
alsoestablished that theumber of taxa and abundance increase with distance downstream from the mining
district (Besser and Leib007, Anderson 2007)ncreasingly healthgquatic communities generally follow

the longitudinal trends towardiswer water and sediment concentratiansl body burdens moving

downstream from the mining distrig€igure 2.3)

2.3.2 Metal toxicity to aquatic life in the Animas River

Metal toxicity and bioaccumulation in aquatic environments is complex, and is influenced by multiple
routes of exposurg@iet and solution) and physiochemical characteristics that control bioavailability (e.g.,
temperature, pH, dissolved organic carlianrganic cations and anions) (Luoma 19Baguinet al.2002,
Luoma and Rainbow 2005)lthough some metals are essentmllife, all metals are toxic at sufficiently

high concentrations (Luoma 1988/etals are partitioned between solid and dissolved phases in aquatic
environmentskFree metal ions in the water are highly bioavailable and may be the most important control
onbioaccumulatiorand toxicity, especially for some metals including cadmium, copper, iron, manganese
and zinc (Luoma 1983). Dissolveaetalscause acute toxicity to fish lxposure to the gill, which

damages gill tissue aradtersgill function Metal exposure also occurs through ingestion of particulates in
sediment and suspended particulates. Intake through digestion and biomagnification through the food chain
is an important exposure route for some metals including selenium and mercury (Luoma 2888l
dissolved metals are considered more toxic, more reactive, and more mobile than particulate metals

Laboratory and field toxicity studies of aquatic communities in the mining impacted reaches of the upper
Animas (Besser and Leib 2007; Courtney &iements 2022; EPA 2015) and elsewhere (Mebaaé

2012, 2017, Cadmuet al 2016) have shown that persistently high concentrations of metals in water,
sediment and food resources degrade benthic organisms and fish populations. The USGS Professional
Report 1651 (USGS 2007) summarizes the historic field sampling and toxicity testing in the upper Animas
in support of AMDremediation activities in the Bonita Peak district near Silverton, CO. The EPA has also
performed additional toxicity tests, extensimenitoring, and risk analysis for aquatic life in the upper
Animas River (EPA 2015).

The USGS studies the Animas Riveconcluded through field observations and supporting toxicity tests

that Cu had the main impact on trout, while zinc was most important for macroinvertebrates and amphipods
(Bessert al.2007; Besser and Leib 2007). USGS studies also identified potempiatis from dissolved
aluminum and deposited Al and Fe oxides. Toxicitystesupper Animas River water and sediment

performed by EPA (2015) identified potential effects from Al, As, Cd, Cu, Pb, Mn, Ni, Se, Ag, and Zn.

Both efforts documented that pestgintly high metal concentrations in the upper Animas River are toxic to
many taxonomic groups. The direct toxic effects of metals cause mortality, reduced growth, decreased
reproductive output, and eliminate sensitive species from the aquatic commuistyedults in reduced
diversity and abundance of benthic macroinvertebrates and fish (Besser and Leib 2007; Courtney and
Clements 2002). There is significant variation in sensitivity to metals among taxa and complex responses
within the biological commuty that result in high spatial and temporal variability within the aquatic
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community (Besser and Leib 2007). For example, results iof situ toxicity test in the Animas River

presented by Courtney and Clements (2002) identified that the greatesffects @&e observed on

mayflies (Heptageniidae, Ephemerellidae) and stoneflies (Taeniopterygidae). Furthermore, food abundance
and quality in the Animas River vgdound to beeduced compared to reference tributaries, which also

likely contribuedto the absence of sensitive species (Courtney and Clements 2002). EPA (2015) found

that rainbow and brown trout were more sensitive to metal concentration measured in the Animas River
than brook trout.

Some macroinvertebrate studies have concluded i@t \wxposure is the primary route of exposure in the
Animas River (Courtney and Clements 2002) while other studies have emphasized the importance of
dietaryexposurdrom sediment and food resources (Besser and Leib 2007). Data from the Animas River
presated in Besseet al.(2001) show that there is a strong relationship between metal concentrations in
the pore water, metals in sediment, and metals in the periphyton and in some of the macroinvertebrate
species. They observed that there were high coratemts of metals in the periphyton and that these
concentrations tended to match those of sediment. The interrelationship between metal concentrations in
sediment and water blurs inference from general surveys of causative exposure factors.

2.4 Metalw ater g uality criteria and sediment thresholds for aquatic life
Water quality criteriaare limits onchemicalsor conditionsn a watebodythat arederived to protect the
designated uses for the waterbody, such as aquatic lif&usgeric criterieare defined $ a magnitude,
duration, and frequency ekposurePursuant to section 304(a) of the Clean Water Act, the EPA publishes
national pollutant criteria recommendations to protect aquatidERé aquatic life criteria includacute
(shortterm, or 1 hourard chronic exposure (lorgrm; 96 hourrecommendations for thgrotecton of
aquatic life(https://www.epa.gov/wgc/nationatcommendedvaterguality-criteriazaquatielife-criteria
table. States and tribes with jurisdiction of the Animas and $&m Jivers havegenerallyadoptecE P A 6 s
304(a) criterikecommendationoru pdat ed versions of the EPAOGS
consideratiorthe most recent toxicity data.

recon

Water quality criteria for aquatic life target exposuréigsolvedmetals Research has shown thaxicity

of most metalvaries with the presence of dissolved calcium andmasigm carbonates (hardnegs)ich
compete for binding sites on the gill surface. Thisractionresulsin hardness modifiedvater quality

criteria reommendationsBecause of changes in species and hardness along the length of the Animas and
San Juan rivers, ater criteria vary spatially and temporally but are more likely to be exceeded in the upper
and middle Animas as geology produces inherently
higher metals concentrations, watetatively lower

- ) g Table2.2. Sediment probable effects concentratior
hardnessand lower pHFigure 2.3)hat isconducive

(PEC) benchmarks for aquatic lifim MacDonald

to maintaining metals in the dissolved and more et al. (2000.

bioavailable solid phaselletals critericanvary

widely over the apjrable hardnessange. For Metal Probable Effect
example, at hardness concentratidfiso 400 mg/L, : Concentration(mg/kg)
acutewater quality criteria fodissolved cadhium and Aluminum 60,000
zincrangesfrom 0.5 to 6.5ug/L and36 t0378 ug/L, Arsenic 33
respectively There are no coparableEPA, state or Cadmium 4.98
tribal criteria for sediment;dwever, sediment Copper 149
probabe effects concentrations (PECQ&e been Iron 250,000
usedto evaluate risk of sediment metals tpatic life Lead 128
(Table 2.2) includinguse in the EPA BERA EPA Manganese 1,200
2015) PECs are concentrations in sediment above Mercury 1.06
which adverse effects are expected to occur more Nickel 48.6
often than not (MacDonalet al 2000. Zinc 459
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Biota in some portions of the Animas River headwatedsi@rributaries, and river segments immediately
downstream from the mining district, are impacted by metals and pH to some degree, but sustainably
support aquatic life (USGS 2007, EPA 2015). Since 1998, the State of Colorado has designated some
segment®f the upper Animas River, including Cement Creek, as persistently impaired for certain metals,
including lead, iron and aluminum, and has followed procedures under the Clean Water Act to remove
aquatic life support as a designated use for the waterbadybe it is not an attainable goal (Colorado
Department of Public Health & Environmehttps://www.colorado.gov/pacific/cdphe/trasthrijuanand
doloresriver-basing.

2.5 Gold King Mine release

The EPA 0fice of Research anOevelopmen{ORD) reportAnalysis of the Transport and Fate of Metals
Released from the Gold King Mine in the Animas aand Jlan River$EPA/600/R16/296) provides a

detailed examination of the water chemistry and sediment data collected from the Animas and San Juan
riversbefore, during and after the relegs® A 2016¢. In that report, ORD used a combination of

empirical aad modeled observations to describe the GKM plume as it traveled from Cement Creek to the
San Juan River. The GKktleaséhad the potential to impact the biological communities in the Animas
and San Juan rivers through direct acute and chronic toxicefigitally associated witthe dissolved

fraction of the total metalGenerally, dissolved metals are considered more toxic, more reactive, and more
mobile than particulate metalhysiological effectgan also be observedth the deposition of metal

bearing colloids that have a smothering effect on organisms and degrade aquatic habitat. Below we
summarize the key findings in the EPA ORD report that provide insight to the biological results (see the
full ORD report for all key findings).

2.5.1 GKM plume water chemistry

The GKM plumé wasgenerallycharacterized by metals concentrations that rose abruptly, peaked quickly
and fell rapidly within a period of about 12 hours as the central core of the plume moved past locations
within the watershed. Gmentrations in the downstreamers then tapered back towards-prent levels

over days to weeks after the passing of the plume.

Once theGKM plume entered the Animas River, both dissolved and colloidal/partiqaéatanetals
concentations began toatline rapidly(e.qg., within~ 12hours)as chemical reactions and hydraulic
processesliluted, transformedand deposited materias the plume travelled, chemical transformations of
dissolved metls began as soon as #wdic GKM plumemixed with themorealkaline waters of the

Animas Riverat SilvertonAs the plume traveledcadity was neutralized and pidcreasedhrough
hydrolysischemical reactionthatconsume hydrogen ions and stimulateheformation of iron,

aluminum, and manganese hydr(oxpand other incipient minerals. The incipient amorphous minerals
that formed as the plume flowed included colloids, precipitates, and adsorbedthhasequestered the
trace metals including lead, copper, arsenic, zinc and offteesron and aluminumeacted with the river
water to cause the characteristic bright yellow color that was visible for days as the plume traveled down
the river system.

Dilution of the GKM plume wittriver water also began as soon as it flowed into the larger Animas River
andthen shortly joined Mineral Creek in the Silverton area. Within 4 km distance of travel the plume was
diluted to 3846 of its original strength. Dilution reduced initial plume concentrations to 18% by Durango
95 kilometers fronthe Gold King mine, and 15%y Farmington190 km fromthesource. Although the

plume was visually similar as it traveled through the Animas River, no two places along the river
experienced exactly the same plume when measured by the tatioanr form of metals in the water.

L 1n this document, we use GKM plume when discussingitietday period when the released metals traveled
through the Animas and San Juan rivers. GKM releaglsoused when discussing the entire event, including the
months after the plume when GKM deftesvere present in the watershed.
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Deposition of Gold King Mine Release Metals Mass
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Figure2.10. Estimated deposited massfanetals from the GKMelease as it passedtough the Animas and
San Juanivers. Deposited mass was estimated irFkeh segments of river by the Water Analysgmulation
Program (WASP) model as reported in the ERAM3elease fate and transport study (EPA 2016c).

Eighty percent of the GKM release (~390,000 kg) was deposited in the Animas River between Silverton
and Durango. This portion of the river also ssoadarge amount of legacy contamination from historic
mine ore processing and ongoing acid mine drainage contamination (@hatch997; 2007), to which

the GKM release addetewmaterial. The high concentrationsmetals evident in Figures5-2.8reflect
natural and mining related deposits in this river segn@KkM deposits in the Animasom the

Colorado/New Mexico border northwata Silverton largelyemaned in placeintil 2016 snowmeltunoff
began, as there were stmrm eventsarge enough to move thettmrough Fall 2015

The mass othe GKM metaldepositsamounted to 10% of the metal mass that already contaminated th

upper and middle Animas rivefFargeted sampling @KM deposits hd high concentrations of metals.

Samples representative of the general deposition observed on the riverbed collected in the months after the
GKM release were not statistically different from-eneent concentrations where there werffigant data

for conparison EPA 201&; RodriguezFreireet al 2016). Dissolved metals in river water were

statistically lower irthe ypper Animasn the months following the GKMvent, possibly due to their
adsorptioronto thenewdeposits.

An additional 5% of the releaseaktals (~25,000 kg) was deposited in the lower Animas River within New
Mexico. Sediment metal concentrations measured in the reach from RKM 152 south of Cedar Hill, NM, to
RKM 162 near Aztec, NM, were elevated after the GKM plyrassed, as shown in Figu2.11 Lead and

zinc in the sediments exceeded recommended PECs for aqugfi@alile2.2) within this reach for a time

after the plume passed. Another 5%l releasd mass may have deposited along the length of the San
Juan River, but sediment samplonly showed some evidence of this from Farmington (RKM 196) to
Fruitland, NM (RKM 214). Deposits in the lower Animas and San Juan rivers remained in place for 3
weeks until they were mobilized during a monsoonal event and delivered to Lake Powelergedim

samples collected after the event unambiguously showed that the concentrations of all metals in the
sediments of both rivers were at background levels following the storm.
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Figure2.11. Corcentrations ofcopper, lead cadmium manganese and selenium in sedimeait the time of
benthic macroinvertebrate (Chapter 7) arfish tissuesampling(Chapter 8)n the New Mexico segmets of

the Animas and San Juaivers The postGKM period includes data collected fino August 8 to August 27,
2015.March 2016 represents background concentrations. Black squares on the sediment figures indicate
location of fish sampling and the sites shown for water concentration

2.5.3 GKM release water quality effects to aquatic life

For most metals, the peakncentrations that were observedraesGKM plume moved through the system

were not greater thaaquatic lifewater qualitycriteria atmostlocatiors in the Animas or San Juan rivers.

Given the predominance of colloidal/particulate metals in the plume, criteria based on total concentration
were exceeded more often than those based on the dissolved fraction. Because of the short duration of the
plume, guatic life was more vulnerable to acute, shetéem concentrations durirgovement of the

plume itself.Most of the observeexcursionsvere associated with tietateacute aquatic life criteria for
aluminum Excursions of acute aluminum criterdccured throughouthe Animas River and in the San

Juan River down to Shiprock, NM (296 RKM)he frequency of the excursions varied due to the change in
concentration and differences in the state and tribal water quality criteria for alurinemainstem of

the Animas immeidtely below Silvertorexperienced the most excursions of metals criteria including acute
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aluminum, cadmium, copper, lead, manganese, and zinc. Within the spatial trend of declining

concentrations with distance, variation in excursiongegdld the differences in criteria among states and
tribes along the routdhe duration of war quality exceedances was generally associatedétbore of

the plumewhere concentrations were highest and lasted several hBorsexample, total andsolved

metals concentrations in the Animas River are shown as the plume passgt woango in Figure 2.12
At this location, concentrations of several metals were briefly close to, but did not ekesedite aquatic
life criteriathat are based dhe dissolved concentratioAluminumwasthe exceptiomgiven the high total
recoverable concentrations ate criterion is based dptal recoverald, rather thardissolved

Metal Concentrations August-20, 2015 in the Animas River &8urango, CO
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life criteria recommendation for most metals is 1 hour for acute criteria and 96 hours for chrer dtite longest
duration of exceedance fohronic criteria was 44 hours foon concentrations measured at RKM 132. See Tables 7

5 through 78 in EPA (2016c) for additional details.
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2.5.4 GKM release exposure to aquatic life relative to background conditions

EPA, states, and tribes began monitoring metals in water and river bed sediments throughout the affected
rivers to assess risk to pubfad aquatidiealth as benchmarked by the water quality criteria. Monitoring
agenciesollected samples over varying intervals, beginning aheixrsprior to the front end of the

plume,and continuing daily or weekly during later phases over the next\Wesevaluatedhe metal

exposurdo aquatic lifebefore,during andin the yearfollowing the evenby comparing measured
concentrations tprotectivewaterand sedimenbenchmarksExposure identified in a single samplas
measured with &lazard Quotient (HQ).

00 0 Qi QIGERAQE 6D QEBIDESEEME 01 DO QE &

Where the benchmarkask P A @cste or chronicuatic life critera recommendation talated at the
ambient water hardness or atdi@@ss 400 mg/Lwhen hardness was greater than 400 nigylwateror

the PEC for sediment (Table 2.2 his calculation for a single sample defines the magnitude but not the
duration of exposure. HQs equal to or greater than 1.0 for an individual sample identify a potential for
ecological risk in that established thresholds have been exceeded atatiahl&&amples with an HQ less
than 1 do not indicate a potential risk.

Acute and chronitl Q écalculated for prevent,during andmmediately after the eventhe plume upo
1-monthpost releageand post event (2 months to 1 year following the GKMase) are shown in Figures
2.13and2.14 respectively. HQs for siament are shown in Figure 2.1bhe preeventHQs were

calculated using the same conftration data shown in earlieigtires2.5-2.8. Figures 2.13 through.15
represent nearly 4,000 samples collected before and after the event

Acute and chronielQs greater than dccurredfrequently in the Animas headwaters within about 40 km
from GKM for most metals both before and after tekease (Figures 2.13 and 2.1&enerally,HQs for all
metalsfollowed similar longitudinal patterns and remained within the same range of variability at a
location before and after the GKM release.

Outside the Animas headwateasute HQs greater tharfdr all metalswere rare ChronicHQsgreater
than 1 were frequently observed finc and leadhroughout the systenhronicHQsgreater than in the
lower Animasoccurwith high flow eventdypically associated witmonsoonal stormd.ead HQs greater
than 1 in theSan Juan are assaigd with mobilization of dissolved lead from the bed sediments during
monsoonal storms.

Sediment HQsfter the GKM release were the samagnitudeas prior to the releasxcept forlead

(Figure 2.1%. Lead was elevated in sediment from 50 to 200 km distance from headwaters (Bakers Bridge
to Farmington) during the immediatendonth period after thevent(also shown in Figure 2.},1and

greaterthan thesediment PEC
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Figure2.13. Acute aquatic life hazard quotients (HQpr water samples collected fronthe Animas and San Juan rivers. The HQsveamputed
as observed concentration divided by trecutewater quality criterion. An HQgreater than 1 indtates the water quality benchmartvas
exceeded. Prevent samples were collected for several decades prior to the GKM release and include the daamshownin Figures 2.52.8.
Immediate samples were collected from August 5 to August 28, 2015. Post samples were collected from September 26ftetob®r 2016.
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Figure2.14. Chronicaquatic life hazard quotients (HQXpr water samples collected fronthe Animas and San Juan river§he HQ is computed as
observed concentration divided by thehronicwater quality criterion. A value greater thad indicates thecriterion was exceededPre-event samples
were collected for several decades prior to the GKM release and includeséime data shown in Figures 225. Immediate samples were collected
from August 5 to August 28, 2015. Post samples westected from September 2015 to September 2016.
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Figure2.15. Hazard quotient (HQ) for sediment probable effects concentrations (PECs) for water samples in the Animas and San JganTRe+D
is computed as observed concentration divided by the water quality criteria. A value greater than 1 indicates the watetyqodieria was
exceeded. Preevent samples were collected for several decades prior to the GKM release and inclwdsaime déa shown in Figure2.5-2.8.
Immediate samples were collected from August 5 to August 28, 2015. Post samples were collected from September 2015 to Septiéb
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2.5.5 Metals in water and sediment return to background

Themass of metals in tHeKM releag wasremoved from the Animas and San Juan riversaatidered to
Lake Powell in three primary events distributed ov&éfanonthperiodor the end of snow melt in 2016

(EPA 2016c) Thefirst mass arrived with the pine appoximately 8 to Qays after the release. The second
event was triggered gy series of monsoonal storms that began in late Augustd®¥Isibed in &ction

2.5.2 The storm flow resulting from three inches of rain in a few hduring this eventesuspeded

GKM deposits in the Animas River below Cedar Hill, CO (RKM 140) to the confluence with the San Juan
River in Farmington, NM (RKM 193) as well as the entire length of the San Juan River. The third even
wasassociated witlsnowmelt runoff in 201éhat nobilized the remainingepositan the AnimasRiver

over the winter months.

EPA was able tsolatethe GKM releasametals from background metals in water and sediinetiiese
events and allilata collected a year following the release withe t difgerpiintingd techniqug EPA
201&). This techniquessociatethe concentration of trace metals to that of aluminum or iron as
representative of the dominant metals in the geologic substratbeaadils and sediments that weather
from them.Water and sediment have typical relationships for each metal thahkremg central
tendency over a range of background sediment levels explained by the elemental composition in the
regional geology, ashown inFigures2.5-2.8. If the trace metal ratio deviates from the central tendency,
another source of contamination is suggestééi f i n g e r tpchnigue was pagticularly effective in
detectingGKM releasemetals withinthebackground concentratisof the San Juan River and was used to
account for the GKM mass and track its movement through thediverg theGKM plume and in the

year following.

While water and sediment was extensively monitored for up to 1 year following the GKM events variou
organizations conducted biological studies to evalpatentialimpacs of the GKM event on the river

biota. Sentinel studies of immediate survival of macroinvertebrates and fish as the plume passed were
conductechearDurango, CO. Longer term studiesluded sampling-months post event period when

GKM deposits were in place in Colorado a&hd lower Animas in New Mexico. EPA followed up with a
river-wide survey of macroinvertebrates and fish tissyea following the event iA016 toassess for
potential longterm impacts to aquatic lifE P A6 s r e s p owastlee firstdmepghe bialogical
communities were sampled through the entire length of the Animas/San Juan river system.
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CHAPTER 3  OBJECTIVES, DATA, ME  THODS, AND ANALYSIS APPROACH
FOR ASSESSMENT OF BIOLOG ICAL DATA IN ASSOCIA  TION
WITH THE GKM RELEASE

3.1 Study objectives

Aquatic biological communities provide a measure of river | |
condition byresponding to sudden changes in water quality

such as the plume of metals that moved through the rivers

following the GKM release, andtegrating persistent

stressors over time, such as the legacy mining and ongoing HOW DID THE AQUATIC

acid mine drainage in the upper Animas watershed. Aquatic COMMUNITY, POPULATI®IS,
community condition islsoa core measure of aquatic life AND METAL SEQUESTRADN
use supporin a given wagrbody. IN TISSUERESPOND TO THE

GKM RELEASE
The EPAO6s primary objectivie was to gather and revi

readily available biological data collected from the San JuanA Did the GKM releasadd to

and Animas rivers to assess how the aquatic biota biological degradation in the
responded to the GKM releadata gathered for this already contaminated upper
analysis includéthe EPAresponse sampling that targeted Animas River?

the neaiterm biological conditions immediately following _

the release (fall 2015) when deposits were still present in Did the GKM release degrade
the Animas River and the lostgrm biological conditions biological communities in other
occurring after the deposits have moved throingtriver segments of the Animas and San
system (fall 2016). Data collected by state and tribal Juan rivers that had not been
partners were also included in our analyses. The sampling known to have metal

and analysis approach was designed to evaluate potential contamination?

changes in the species compositions, population abundance
and the concenttimn of metals in the tissue by comparing
thepostGKM release data to th@e-releaseconditions

when availableln many instances and particularly on the
lower Animas and San Juan rivers,-petease data were

less available for preand postGKM comparsons.

A Were acute impacts to the
biological communities observed
during the initial GKM release
when metals concentrations were
highest?

A Were longterm changes in
biological communities observed
a year after the GKM release?

Monitoring and assessment efforts occurring prior to the
GKM release identify prexisting adverse impacts to water
quality, sediment quality, and biological communities in
this watershed (Besset al 2001; USGS 2007). Numerous
sources of metalsootamination are present within the watershed that have impacted environmental quality
before the GKM release and continue to impact environmental qualitgkddtreleasgChapter 2)

Therefore, our ability to determine if current environmental impataser¢éo the GKM release is

confounded by the presence ofgoing AMD sources in the upper watershed. Typical biological

conditions in many areas of this watershed are neither pristine nor free of impairments. New data gathered
postGKM release are best darstood by a comparison to previous conditions. It is well established that

the historic and ongoing AMD in the upper Animas River has resulted in degraded benthic
macroinvertebrate assemblages and portions of mainstem and tributaries/ghabssuppoted permanent

fish populations (Anderson 2007, Besser and Leib 200@Yying away from the historic mining

operatios, fish populations and benthic macroinvertebrate assemblages inipriineemiddle Anima.

Metal concentrationdecrease yet continue to bee of many stressors typically associated with more
developed areas of watersH&PW 2010)The aquatic communities in the lower Animas River and the
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San Juan, on the other hand, are not known to be persistently disturiheddMD in the headwaters.
Therefore, the primary assessment objective was to compare tredgarse/historic anpostGKM release
biological data of the Animas River and San Juan River.

Our secondary objective was to present a watershgel analysis oéll biological data collected from the

GKM release impacted areas of the San Juan and Animas rivers, regardless of existing historic data for
compaison. In this effortwe identifiedsimilarities and differences in existing state and tribal field

collection methods and assessment approaches. This information can be used to inform future monitoring
efforts in the San Juan watershed.

3.2 Sampling design

EPA mobilized field crews to sample water and sediment immediately after the GKM release occurred.
Rivers impa&ted by the GKM release include the Animas River near Silverton, CO to its confluence with
the San Juan River in Farmingt®tM (190 RKM) and the San Juan River from the Animas confluence to
Lake Powell in Utah<650 RKM). The EPA identified 30 monitoringcations along Cement Creek,

Mineral Creek, the Animas Rivesindthe San Juan Rer based uportate,tribal or local interest; locations
used in the emergency response; and-tengy or prerelease data availability (Figures 3.1 and 3.2; Table
3.1). Sies that were not impacted by the GKM release were also sampled for a measure of background
conditions in the watershed.

EPA targeted the response biological data collection {teear sampling) at 22 sites in the fall of 2015 and
expanded the follovup dda collection (longterm sampling) to 28ites in the fall of 2016. In 2015, the

EPA and contractors collected benthic macroinvertebrate samples at 4 locations from the Animas River
within a week following the release (8/12 and 8/13) and at 18 locati@epii@mber and October (Table

3.1). The EPA was unable to sample all sites identified in the its falfpmonitoring plan for biology

prior to the onset of winter conditions and exceedance of the index period for biological sampling in the fall
of 2015. h 2016, EPA and contractors implemented the full biological sampling desigSupgrfund

Technical Assessment and Response Team (START) contractor sapgaxillected benthic
macroinvertebrate samples and tissue samples at 29 sites, including ltls¢édoimas River upstream of
Cement Creek (A68), 2 tributaries in the upper Animas River watershed (Cement Creek and Mineral
Creek), 17 locations on the mainstem of the Animas. San Juan River sampling included 1 location on the
mainstream upstream of thaimas confluence (SJAR) afdocations on the mainstem of the San Juan

River downstream of the confluence Addi t i onal details on EPA GKM fie
Field Activities Reporttp be posted dtttps://www.epa.gov/goldkingmine).

In addition to the response and follewp biological data collected by EPA, we issued a request for

biological data collected by state, tribal, local, and federal partners. Data providers included Colorado Parks
and Wildlife (CPW), Colorado Department of Public Heand Environment (CDPHE), New Mexico
Environment Department (NMED), New Mexico Department of Game and Fish (NMDGF), Southern Ute
Indian Tribe (SUIT), Navajo Nation Environmental Protection Agency (NNEPA), andRisB and

Wildlife Service (UFWS). Thetype of biological data, sampling dates, and locations of this additional
dataareincluded in Table 3.1. When data providers used different location IDs or sampled slightly

different locations than those sampled by EPA, we reviewed the sampling coardindtsite descriptions

to determine if the locations generally represent a similar section of the river. When locations were similar
(e.g., aquatic habitat, no new sources or tributaries), GKM location IDs were assigned to facilitate
comparisons of thpast GKM releaseadata with historic sampling sites (Appendix A). Differences in field

and analytical methods used by the various data providers are identified in the Section 3.4 and were taken
into consideration when developing our approach to the datasemddatasets were analyzed collectively
when methods were similar grdhen possibleresults argresenteaonsistent with the state/tribal

analysis tools.
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Table3.1. Sampling locations and dates for biologicand physical habitat data collected by the EPA, EPA contractors, states, tribes and federal partners during
the GKMplume through spring 201 7Pre=pre-releasedata availablefor this location within the period of recordupper Animas = 2008/5/2015; middle and

lower Animas and the San Juan = 2680ival of the plume) NS = not samplec: identifies locations thatwere not impacted by the release andere sampled

to characterize backgrounti*identifies locations that were only sampledfor biology by state and/or tribal partners. Seéppendix A of this report for location

RSAONX LI A 2 ya clivifed ROLI2INGIE FRANSTIRRRAGA2Y I f RSGFAf& 2y GKS 9t! Q& al YLX Ay3 STFF2NI:
: Benthic Benthic : .
Location Distance Latitude Longitude Macroinvertebrate | Macroinvertebrate F!Sh Phy§|cal
from GKM : Tissue Habitat
Assemblage Tissue
(KM) Pre Pre Pre
8/23/16
CC48 12.54 37.818115 -107.661678 | Yes 9/27/16 No 9/27/16 No | NS Fall 2016
8/8/15
8/12/15 9/23/15
n| AG8* 13.9 37.810983 -107.65936 Yes | 9/23/15 Yes No | 10/30/16 | Fall 2016
) 9/27/16
= 8/23/16
= 9/27/16
2 8/23/16
| M34* 15.14 37.802921 -107.672724 | Yes Yes 9/27/16 No | NS Fall 2016
e, 9/27/16
s 8/8/15
g 8/12/15 9/23/15
x| A72 16.4 37.790017 -107.667536 | Yes | 9/23/15 Yes No | NS Fall 2016
9/27/16
o 8/23/16
£ 9/27/16
g 10/15/15 10/15/15
o| A73 24.5 37.72215833 | -107.6548278| No 8/26/16 Yes No | 10/31/16 | NS
Q 10/3/16
% 10/3/16
10/15/15 10/15/15
A75D 45.1 37.59793424 | -107.775326 | Yes | 8/26/16 Yes No | 10/31/16 | NS
10/3/16
10/3/16
9/21/15 9/21/15
Bakers Bridge 64.0 37.455731 -107.801095 | Yes | 8/22/16 Yes No | 11/1/16 Fall 2016
9/29/16
9/29/16
ol James Ranch** 67.1 37.417822 -107.814819 | Yes | 9/21/15 No 9/21/15 No | NS NS
E 10/29/15
E 9426 76.8 37.385148 -107.836946 | Yes | 8/22/16 No 9/29/16 No | 11/1/16 Fall 2016
2 9/29/16
-g Oxbow Park 89.8 37.308898 -107.855793 | No 9/18/15 No 9/18/15 No | NS NS
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Location

Distance
from GKM

Latitude

Longitude

Benthic
Macroinvertebrate
Assemblage

Benthic
Macroinvertebrate
Tissue

Fish

Tissue

Physical
Habitat

(KM)

Pre

Pre

Pre

Middle Animas River

32nd Street Bridge

91.8

37.294805

-107.870469

8/6/15
8/7/15
8/13/15
9/22/15
8/22/16
9/28/16

Yes

9/22/15

NO | 928116

No

11/1/16

Fall 2016

Animas Rotary Park

94.2

37.280534

-107.876622

8/6/15
8/7/15
8/13/15
9/20/15
8/22/16
9/28/16

Yes

9/20/15

NO | 928116

No

11/3/16

NS

Above Lightner

96.0

37.26892921

-107.8862952

Yes | 9/20/15

No NS

No

NS

NS

GKMO05

96.5

37.268704

-107.885857

10/27/15
No 8/25/16
9/30/16

9/20/15

NO | 9/30/16

No

8/14/15
3/18/16
11/3/16

Fall 2016

AR193

104

37.221297

-107.859598

8/6/15
8/10/15
9/22/15
9/2/16
10/4/16

Yes

9/22/15

No 1 1014116

Yes

11/2/16

Fall 2016

AR160**

109

37.187031

-107.869928

8/6/15
8/10/15
8/22/16

Yes

No NS

No

NS

NS

AR72

123

37.085161

-107.879233

8/10/15
10/28/15
9/2/16
10/4/16

Yes

No 10/4/16

No

11/2/16

Fall 2016

AR27

131

37.032292

-107.875455

8/10/15
8/22/15
10/28/15
9/2/16
10/4/16

Yes

No 10/4/16

Yes

11/2/16

Fall 2016
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Distance ST EETHIE Fish Physical
Location from GKM Latitude Longitude Macroinvertebrate | Macroinvertebrate Tissue Ha}ll)itat
Assemblage Tissue
re re re
(KM) P P P
égi?llés 8/2015 8/2015
ADWO022 148 36.933295 -107.909073 | No 9/2/16 No 3/2016 No | 3/2016 Fall 2016
o) 9/30/16 4/19/17
= 9/30/16
o 8/24]16
& ADWO021 158 36.872838 -107.960741 | No 10/1/16 No 10/1/16 No | 4/19/17 Fall 2016
S
;E: 8/24/16 8/2015 8/2015
5 ADWO010 163 36.838545 -107.992183 | Yes 10/1/16 No 3/2016 No | 3/2016 Fall 2016
= 10/1/16 4/19/17
5 8/27/16
FW012 177 36.783635 -108.102111 | No 10/2/16 No 10/2/16 No | 4/20/17 Fall 2016
8/27/16
FW040 192 36.707467 -108.150813 | Yes 10/2/16 No 10/2/16 No | 4/20/17 Fall 2016
8/29/16 8/2015 8/2015
SJAR* 190 36.719664 -108.207125 | Yes 9/27/16 No 3/2016 No | 3/2016 Fall 2016
’a;a 9/27/16 4/18/17
[v4 8/27/16 8/2015 8/2015
S| LVW020 197 36.730556 -108.251046 | No 10/2/16 No 3/2016 No | 3/2016 Fall 2016
3 10/2/16 4/18/17
g SJLP 197 36.73588701 | -108.2539868| N 8/29/16
A . -108. 0 9/27/16 No 9/27/16 No | 11/15/16 | Fall 2016
2 8/30/16 8/2015 8/2015
51 SIFP 214 36.74815602 | -108.4120157| Yes 9/28/16 No 3/2016 No | 3/2016 NS
9/28/16 11/14/16
SJSR 246 36.78162422 | -108.6927838| No gggﬁg No 9/28/16 No | 11/6/16 Fall 2016
S 10/26/15
2| sJacC 296 36.99621613 | -109.0046838| No 8/31/16 No 9/29/16 No | 11/8/16 Fall 2016
3 9/29/16
5 10/26/15
2| SIMC 346 37.25822644 | -109.3106036| Yes | 8/31/16 No 9/29/16 No | 11/10/16 | Fall 2016
- 9/29/16
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: Distance : : Benthl_c Bemh'? Fish Physical
Location Latitude Longitude Macroinvertebrate | Macroinvertebrate . .
from GKM . Tissue Habitat
Assemblage Tissue
(KM) Pre Pre Pre
10/26/15
SJBB 378 37.25737015 | -109.6185856| Yes | 9/1/16 No 9/30/16 Yes | 11/13/16 | Fall 2016
9/30/16
10/26/15
SIMH 421 37.146948 -109.853672 | No 9/1/16 No 9/30/16 No | 11/13/16 | Fall 2016
9/30/16
10/26/15
SJCH 511 37.293336 -110.399293 | No 8/25/16 No 10/1/16 No | NS Fall 2016
10/1/16
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3.3 Historic biological data

EPA worked with federal, state, tribal and local partners to compile the hisioliégical data for the

Animas and San Juan riverdlost of the historic data were obtained from online sources, however some
were provided through data requests (see Appendik@)the Animas River, therereleaseperiod of
recordwas defined asnmediately before the GKM release (date varies by sampling locétéak}o

2005 Data collected prior to 2005 in the upper Animas Rivere avoidedhecause of changes in the
watershed that affected water quadityd the aquatic communifyin the midand lower Animas River and
San Juan River, there-releaseperiod of record included data collected back to 200@.period of record
was greater for the San Juagcausenetal concentrationgenerally decline with distance from the mining
districtandayp c hanges in the upper Animas activities in
the San JuaRiver (Chapter 2)Data collected prior to 2000ere avoidedince here isa greatefikelihood
thatthe study objectives and sampling methods haeen modified over the years, reducing the
comparability of the datasets.

Additionally, biological communities, particularly benthic macroinvertebrates, display seasonal variability
making comparisons difficult when samples were not collected durirgathe general time of year.

Therefore, the preelease dataset was limited to samples that were collected in late summer and fall to
facilitate the comparison with EPAG6s respense dat
October. Due to the fefct of seasonal variability, we are not presenting historic spring sampling data in this
report.

Pre GKM release benthic macroinvertebrate and fiata werevailable for a number of the Animas River
sampling locations in Colorado and Southern Ute InBiaservation due to past and continued interest in
the effects of proximate mining ruoff. The historic benthic macroinvertebrate data for the upper Animas
has been funded and collected by several entities and most recent efforts were conducted by EPA
Superfund activities with the support of Mountain Studies Institute (MSI 2016)dkease and historic
macroinvertebratdata werdess abundant further downstream on the Animas and San Juan River in New
Mexico, Ute Mountain Ute Reservation, the Navajo diatand Utah.

Fish population surveys, on the other hand, have been conducted on a regular basis for the last several
decades in the Animas River near Durango, CO by Colorado Parks and Wildlife and in the San Juan River
by U.S. Fish and Wildlife Servicde support the recovery of listed fish species.

31n this report, we use historic, prelease and background condititm describe when data were collected with
respect to the KM release. Historic data include all data and studiegtteaiate the GKM release. Piedease data
include a subset of the historic data defined by the location specific period of record.oBadkgondition is used to
describe théiological condition or concentrations tlinot include GKM effectsBackground conditioican
includehistoric dataand data collected after the plume and depositeremoved through the system.

4 http://animasdwerstakeholdersgroup.org/blog/index.php/2015/10/23/oid-timeline/
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3.4 Sampling methods and laboratory analyses

ExistingColorado Department of Public Health and Environn{@@PHE), Mountain Studies Institute
(MSI) and EPA National Rivers and Streams Assessment (NRSA) nseteyd used to collect the benthic
macroinvertebrate and tissue samples in the response andt@ilownitoring. Below is the full lisyf
biological and physical habitaampling and assessment methods that were used by EPA and other federal,
state andribal partners that provided prand postGKM release datalhe data providers, sampling
methods and analytical approach for weter and sediment dgpaesented in thiseportare foundn the
EPAORD report (EPA01&).
1 Macroinvertebrate Collection and Identification

0 Colorado Department of Public Health and Environment Policy Statemen{@DPHE

2010/2017)

0 Southern Ute Indian Tribe macroinvertebrate sampling prot&alT 2015)

0 New Mexico Environment Department (NMED 2013)

0 EPA Remedial Program method historically used on Animas River described in MSI (2016)

and Anderson (2007); identified as the Animas River method in this report

o EPA National Rivers and Streams Assaeat method (EPA 2013a, 2013b)
9 Fish Collection and Identification

o Colorado Parks and Wildlife (CPW 2010, 2015)

o U.S Fish and Wildlife Service (USNS 2012)
1 Macroinvertebrate Tissue

0 EPA Remedial Program method historically used on Animas River (MSI 2016)
1 Fish Tissue

o EPA National Rivers and Streams Assessment method (EPA 2013a, 2013b)
1 Physical Habitat

o0 EPA National Rivers and Streams Assessment method (EPA 2013a, 2013b)

When prerelease data and historic methods were not available for a given location, the EPA defaulted to
the NRSA methodor follow-up monitoringfor that indicator
(https://www.epa.gov/sites/production/files/2016

04/documents/nrsal314 fom_nonwadeable versionl 2013050Hpudfever, many of the sampling
locations have abundant prelease biological data (e.g., benthic macroinbedies data in the Animas

River). In these situations, the EPA used the method that best matcheditbiegse data collection
methodgo maximize comparabilityBelow we provide brief descriptions and comparisons of the field and
analytical laboratory ethods that were considered when determining the comparability of data collected
by different, federal, state, and tribal partners.

3.4.1 Benthic macroinvertebrate assemblage

In the upper Animas River from the GKM to Durango, benthic macroinvertebrate samples were collected
with a method developed by Chester Anderson and used previously within the Animas River watershed
(Anderson 2007). The upper Animas collection method eslinodified protocols developed by the EPA
(Barbouret al 1999) and CDPHE (CDPHE 2010a). In the lower Animas River from Durango to the
confluence with the San Juan River, EPA contractors used both CDPHE and EPA NRSA methods
depending on the availabilityf pre-release data at these sites. When the habitat primarily consists of
riffle/run, EPA NRSA and CDPHE methods are expected to generate similar results. In the San Juan River,
all benthic macroinvertebrate data were collected using EPA NRSA methoddiffEhences and

similarities in the field sampling methods are identified in Table 3.2. Overall, the methods used throughout
the basin have a number of common elements thus allowing for comparisons betwaed pastelease
benthic macroinvertebratesssmblagesExcept forQA field duplicate amples, each sampling event was
represented by a single sample per location.
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Table3.3. A comparison ofdult fish population sampling methodsised by theColorado Parks and Wildlife and
U.S. Fish and Wildlife Servite sample the Animas River and San Juan River, respectively.

Colorado Parkand Wildlife US Fish and Wildlife Service
Study area Animas River San Juan River
(GKM site ID) 1  Upper Animas (A72) Entire river from Navaj&eservoir to
1 Lower segments: Lake Powell; 2 out of every 3 river miles
Animas River #1 (ARB) (all San Juan GKM sites)
Animas River #2 (82St Bridge, Rotary Park, GKM05)
Method Two-pass mark and recapture Single pass
Gear Upper Animas: bank electrofishing Raft electrofishing
Lower Animas: raft electrofishing (2 rafts)
Index period NA Late September to early October
Population data Count, length, weight, deformities Count, length, weight, deformities

Colorado Parks and Wildlife

The Colorado Parks and Wildlife (CPW) manages the segment of Animas River downstream of Durango
(Ani mas River #1) as a category 406 fdAcol dwater r e
Durango (Animas River #2) as a cat egatchabled 05 Ar egul
sal monidso (CPW 2010, 2 01 5) ledtdlrégela monitnang af theAnienaist pr a
River fishery for the last several decadesludingadult (arge fish surveygypically conducedn the

spring and fall anéry (smal)) fish surveys in the summer

For adult surveysCPW implements a twpass mak and recapture method. All fish are marked by
punching a small hole in the caudal fin, released back to the river, and resampled two days later. This
sampling method generates estimates of spagiesific density, biomass and populations demographics.
The Animas River surveys target both the introduced trout and native sgeuigsted small fish sampling
consists omulti-pass depletion surveys along 100m sections of sheriel shallow water where trout fry
and other small fish (e.g., sculpiwpuld rormally be foundAdditional details on the CPW fish survey
methods are available lttp://cpw.state.co.us/thingstodo/Pages/FisheryManagementSurveys.aspx

U.S. Fish and Wildlife Service

Long-term fish community surveys, including targeted larval and adult surveys, have been conducted in the
San Juan River from Navajo Reservoir to Lake Powell by the U.S. FWS with state and tribal partners to
support the Saduan River Recovery and Implementation Program (SJRIP). SJRIP was established to
support the recovery of the endangered Colorado pikeminnow and razorback sucker, in conjunction with
water development projects in the basin. The raft electrofishing coltetiébhods used in stddult and

adult fish monitoring programs are designed to fAqg!
population parameters (including relative and absolute population size and size structure) occurring over
time among populatienof both native and nonnativelargeo di ed fi shes i n the San
2012). The USFWS performs these surveys in September and October each year seyeatween

comparisons are not seasonally confounded. Typical sampling durationBasv@fues. The data are

used to inform management actions that are being implemented by the SJRIP such as mimicry of the
natural flow regime, mechanical removal of fative fishes, removal on-stream dispersal impediments,

or augmentation of endangered figipplations. Additional details on the SJRIP and fish population data

are available atttps://www.fws.gov/southwest/sjrip/index.cfm
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3.4.3 EPA tissue collection methods
EPA Benthic Macroinvertebrat e

A composite, whole body benthic macroinvertebrate (BMI) sample was collected from each site for tissue
metal analyses. The samples were collected in a similar manner as the benthic community method used at
that site. The neaerm response samples wexlected by MSI in 2015 and the follewp sampling was
conducted by an EPA START contractor in 2016. Using forceps and a fine mesh net, each specimen was
rinsed with deionized water in the field before combining all specimens into a community composite

sample for each site. The treatment of the caddisfly casings differed between 2015 and 2016 samples. In
2015, caddisfly larvae were removed from their cases prior tpesiting and processing, which sva

consistent with how the samples were collected in 2012016, the samples were composited and

processed with the caddisfly cases.

To meet laboratory and method analysis requirements, EPA contractors aimed to collect at least 2 grams of
wet weight BMI tissue for each site. Analytical methods were modifiedé . , anal yzed fdas i
digestion techniques; see Section 3.4.6) for samples that fell short of this minimum tissue requirement
because of the limited benthic macroinvertebrate communities at the site. The samplesneeliately

frozen (notheld for gut content purging) asthipped on ice to the contract laboratoryrfwtalanalyses.

EPA Fish Tissue

NRSA fish tissue collection methods were implemdtie25 sampling locations (Table 3.1). The NRSA

method focusesn fish species common to the region of interest, are sufficiently abundant within a

sampling reach, and represent a species and size class that would be consumed by\Haoieafish

samples were frozen and shipped on ice to Physis Environmental lalssrfor analysis. Thilet with

skin was then dissected from the individual fish in the lab and sample replicates were composited prior to
analysis. Tissue samples represent a composite of four to five adult fish of the same species that are similar
in size (the smallest individual in the composite is no less than 75% of the total length of the largest
individual).

3.4.4 Colorado fish tissue collection methods

The CDPHE and CPW collected fifikets from rainbow and brown trout of catchable size from the

Animas River near the Durango area. This stretch of river is designated as gold medal fishery and includes
Rotary Park (9RKM), GKMO05 (96.5RKM), andAR19-3 (104RKM) sampling locations. Samples were
collected immediately following the GKM release in August2@nd again in March 2016. The results of

the metals analyses were used to evaluate potential impacts to human health (CDRHE 2016

3.4.5 New Mexico tissue collection methods

The NMDGF collected benthic macroinvertebrate and fish tissue samples immedidbehntpkthe GKM

release in August 2015 and again in March 2016. Sampling locations included 2 sites on the Animas River,
(ADW-022148 RKM and ADWO010, 163 RKM) and three sites on the San Juan River, including one site
upstream of the confluence with the Amis River (SJAR191RKM, LV-020 196 RKM and SJFR214

RKM (Figure 3.2).

NMDGF Benthic Macroinvertebrate Tissue

NMDGF collected benthic macroinvertebrate samples using adt€ykick-seine. Samples were sorted by
taxonomic group in the field prior toetals analysis. The goal was to collect 3gd@mnsof tissue in the
following taxonomic groups: Plecoptera (stoneflies), Ephemeroptera (mayflies), Trichoptera (caddisflies),
and Diptera (true flies). Several orders were either not present or not presefficient numbers to
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collect the minimum tissue requirement. The wHabely samples were placed in a wipdkbag labeled,
place inacold cooler and frozen prior to shipment to the laboratory.

NMDGF Fish Tissue

NMDGF fish tissue samples wecellected with a raft electroshocker. Fish samples were dissected prior to
metals analysis and were separated into muftdes(without skin) and liver tissue samplésr all species
except speckled dackield crews aimed to collect a minimum of 5 gsafor each tissue type. Multiple
replicates were collected when species were present in sufficient numbers. Each sample represented an
individual fish.Given the small mass of the speckled dace, speckled dace muscle samples represent a
compost of approximntaly 5 fish with the head and gut content removed.

| —

Colorado

; f A€W-022
@ "_//J /qh

//\/meg ADW-010

SJFP "@“‘
&
20 trary 1y SR8 f »
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[ state Line N

Roads

Cities A New Mexico Dept Game and Fish

" Fish and Macroinvertebrate Collection for Heavy Metal Testing

Figure3.3. New Mexico Department of Game and Fish sampling locations for benthic macroinvertebrate and fish
tissue.

3.4.6 Navajo Nation fish tissue methods

Navajo Nation Environmental Protection Agency (NNEPA) analyzed cdifetls without skincollected

from the San Juan River at five locations between Farmington, NM and Bluff, UT in June 2017 (NNEPA
2017). Samples consisted of two composites of five fisimfeach sampling location (50 total fish) and
were analyzed for 25 metals.

3.4.7 Physical habitat methods

Physical habitat refers to the structural attributes that influence the biological condition of an aquatic
resourceEPA measured the physical habitat etweristics in Table 3.tb quantify the eight general
attributes of physical habitat condition, includimgbitatvolumektreamsize; habitatcomplexity andcover
for aquaticbiota; streambedparticlesize; bedstability andhydraulic conditions channelriparian and
floodplaininteraction hydrologicregime riparianvegetatiorcover andstructure and ipariandisturbance
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At each location, physical habitat data were collected from longitudinal profiles and at 1%egtgsal
transects. Streamside riparian plots were evenly spaced along a defined reach at the sampling sites in fall
2016. The length of each sampling reach was determined by the wetted channel width. Main channel and
mid-channel substrate were determined by prghlire bottom and 11 littoral/riparian plots were spaced
systematically, alternating sides along the river sample reach.

Table3.4 Summary ofthe components used to characterizghysial habitat at wadeablesampling locations
Similar components were measured at namadable sites with methods that are modified to allow for sampling

from a boat.

Component

Description

Thalweg Profile

Wetted Width /
Bar Width

Woody Debris
Tally

Channel and
Riparian
Characterization

Assessment of
Channel
Constraint, Debris
Torrents, and
Major Floods

Discharge

Measure maximum depth, classify habitat and check presence of baeksyat
side channels and loose, soft deposits of sediment particles at 10 equally
spaced intervals between each of 11 transects (100 individual
measurements along entire reach) The number of thalweg measurements is
ALISOATASR o0& GKSwidthii NBF YQa YSIy 6SidiSR
Measure wetted width and bar width (if present) and evaluate substrate
particle size classes at 11 cresstion transects and midway between them
(21 width measurements and substrate notations along entire reach)
Between each of the channel cressctions, tally large woody debris numbers
within and above the bankfull channel according to specified length and
diameter classes (10 separate tallies).

At 11 transects placed at equal intervals along reach:

1 Measure channel crossection dimengins, bank height, bank undercdistance,
bank angle, slope and compass bearing (backsight), gadiah canopy density
(with densiometer).

1 Visually estimatesubstrate size class, embeddednessl amater depth atfive
equidistant points on crossection; aeal cover class and type (e ggody trees) of
riparian vegetation in canopy, understory, agtbund cover; areal cover class ¢
fish concealmenfeatures, guatic macrophytesind filamentous algae.

9 Observe and record: presence and proximity of human disturbances.
At 10 crosssections that are midway between the 11 transects above:

1 Visually estimatsubstrate size clas 5 equidistant points on eaarosssection
After completing thalweg and transect measurements and observations,
identify features causing channel constraint, estimate the percentage of the
channel margin that isonstrained for the whole reach, and estimate the
bankfull and valley widths. Check for evidence of recent major floods and
debris torrent scour or deposition.

Measure water depth and velocity at 15 to 20 equally spaced intervals across
one cardully chosen channel crossction.

In very small streams, measure discharge by timing the passage of a neutrally
buoyant object through a segment whose cregstional area has been

estimated or by timing the filling of a bucket.

3.4.8 Laboratory analytes and methods

EPA follow-up monitoring fish and benthic macroinvertebrate tissue samples were analyzed for the 16
metals and metalloids on the priority Metal/Cyanide Target Analyte List (TAL) that are most likely to
accumulate in biological tissuésee Table 3.5All tissue samples were processed using inductively
coupled plasma (ICP) technologies that use mass spectrometry (MS) instrumentation. Mercury was
analyzed using cold vapor atomic fluorescence spectrometry (CVAFS). EPA 2016 tissue sargles

anal yzed

by

Physis Environment al Laboratories,
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macroinvertebrate tissue samples andrplease samples (2012 and 2014) were analyzed by the
Environmental Services Assistance Team (ESAT) contractor in R8 EPAdtabgrGolden, CO.

Additional data analyzed in this report include samples collected by Colorado Department of Public Health
and Environment (CDPHE), Southern Ute Indian Tribe (SUIT), and New Mexico Department of Game and
Fish (NMDGF) and Navaho Nation BHNNEPA). The CDPHE, NMDGF, NNEPA results were reported

as wet weight concentrations, whereas SUIT results were reported as dry weight concentrations. Weights
are converted to a common standard when datasets are combined in analysess pedblel8s egeneral

guide to the laboratory methods used by all data providers.

Table3.5. Analytical methods, parameters and technology used for the biological tissue samples collected by EPA,
CDPHE, SUIT, and NMDGF. BMEnthic macroinvertebratea = dry weight results; b= wet weight result; ¢c = as

received result *indicates apostGKM releasessample.

Data Matrix Lab Date (result Methodology Parameter Technology
Source type)
EPA: BMI ESAT Oct 2012 (a); | EPA Method 200.7 Al, Be, Ca, Fe, Mg, Mn, K, | ICP/AES
pre- (R8 Lab) SeptOct 2014 Na, Sr, Zn
release Golden, CO (c); EPA Method 200.§ Sb, As, Ba, Cd, Cr, Co, Cu,| ICP/MS
& SeptOct 2015 Pb, Mo, Ni, Se, Ag, Tl, V, Zi
response (c)* EPA Method 245.1 Hg CVAA
EPA Method 7473| Hg TDAAAS
EPA Method 200.Z2 Solids, dried at 60°C --
EPA: BMI & Physis Sept 2016(a)*;| EPA Method 6020| Al, Sh, As, Cd, Cr, Cu, Fe, | ICP/MS
follow- Fish filet Environmental | April 2017(a)* Mn, Ni, Se, Ag, Sn, V, Zn,
up composite | Lab EPA Method 245.7 Hg CVAFS
wi skin) Anaheim, CA SM 2540B Solids, dried at 10305°C Gravimetric
CDPHE | Fish Laboratory Aug 2015 (b)* | EPA Method Be, As, Se, Cd, Pb, U, Al, ¢ --
(filet) Services Mar 2016 (b)* | 200.7/200.8 Cu, Mn, Ni, Zn
Division of EPA Method 7473| Hg TDAAAS
CDPHE
SUIT Fish -- July 2015 (a) | -- As, Be, Se, Cd, Pb, U, Al, ¢ ICP/MS
(muscle Cu, Mn, Ni, Zn, Hg
plug) - Solids -
NMDGF | BMI & ALS Aug 2016 (b)* | EPA Method 6020| Al, As, Cd, Cu, Pb, Mn, Se,| ICP/MS
Fish Environmental| Mar 2016 (b)* Zn
(filet w/o
skin; liver)
NNEPA | Fish filet TestAmerica | April 2017 (b)* | EPA Method 6020 Al, Sh, As, Ba, Be, Ca, Cd,| ICP/MS
w/o skin) Co, Cu, Fe, Pb, Mg, Mn,
Mo,Ni, K, Se, Ag, Na, Sr, Ti
Sn, V, Zn,
Method 7471B Hg CcVv

Metal concentrations in tissue were converted from wet weight to dry weight and dry weight to wet weight
as needed to generate a common unit of concentration using the following equation, which is regularly used

to support tissue data analyses (Laskl 2005, EPA 2016d):

[metal] ppm ww = [metal] ppm dw X (percent solid/100)
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3.5 Data QAQC

Biological data collection, processing, and quality review efforts followed quality assurance procedures
described in the Quality Asmpingandanalysi®plao/fualityt Pl an (
assurance plan for Gold King Mine long term monitoiir@0152 016 sampl i ng events. V
(Appendix in the EPA Gold King Mine Field Activities repaib;be posted at

https://www.epa.gov/goldkingmine). A comprehendiseof data sources is provided in Appendix B. All

data acquired may not have been used in final data products presentedeipattibuthave been archived

with project materials. EPA does not make any claims as to the quality or accuracy of tiedluied

from state, tribal, and federal partners. The project team applied quality assurance and quality control
measures to acquired data to ensure that the analyses performed were properly conducted and that the data
used in this report represented tniginal data obtained from all sources. Acquired data were reviewed and
normalized as needed to be able to do a waterstedd analysis. Inspections occasionally identified errors

in the original fies, primarily related to sampling dates. The team ct#dethe errors in the master file

following consultation with source data owners. Edilath werenotated in supporting documentation with
justification for doing so. Differences in field and analytical methods used by the various data providers

were idatified, assessed for comparability and considered when developing our approach to the data

analysis. Datasets were analyzed collectively when methodssweitar, andwe presenanalyses

consistent with the state/tribal analysis toslensuch tools weravailable

3.6 Assessment approach

The report utilize available data to assess the impact of metals released from the Gol iKangn

aquatic communities and their body burden of metals. These characterestéassessed spatially along

the Animas and & Juan rivers that were affected by the release to various levels and temporal duration
during and in the I8nonths following the event (EPA 20166€hysical habitat, metal concentratiqipse-
releaseduringthe plumeandpostreleas® and the biologidecommunity were evaluated with the river
distance (km) downstream from the Gold King Minaletermine watershaside longitudinal trendsPre

and postevent data samplegere compared where data availability alleswsing statistical tests

appropriate to available data. Tablé provides a summary of all sources of data that were acquired for
this reportSourceghat are identifieés primary datincluded multiple sampling locations, dates and
sample replicates.he additional data sources represent studies with limited sampling locations and/or
sampling datesChapters include additional description of data and analytical techniques, statistical tests,
and results.

The results of data analysis are organized ihdpters:

Physical habitat in the Animas and San Juan rivers (Chapter 4)
Benthicmacroinvertebrate assemblg@thapter 5)

Fish populations (Chapter 6)

Bioaccumuation of metals in benthic macroinvertebra@hapter 7)
Bioaccumulation of metals in fish (Cpizr 8)

=A =4 =4 =4 =2
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Table3.6. Summary ofpre- and postGKM releaséiological and physical habitat data collected from the Animas
and San Juan rivers presented in this repd®ampling locations are distributed throughout the river unless
otherwise noted.

Benthic Benthic Fish Fish Physical
Data Source Macroinvertebrate | Macroinvertebrate | Population Tissue Habitat
Assemblage Tissue
EPA followup: START| Post Animas Animas Animas Animas
Contractors (2016) & San Juan & San Juan & San Juan & San
Juan
< | EPA response: Pre & Animas Animas
g Superfund/ Post (upper & mid) (upper & mid)
= Mountain Studies (2015)
2 Institute (MSI)
© | CO Parks and Wildlife| Pre& Animas
(% (CPW) Post (upper &
= mid)
g US Fish and Wildlife | Pre& San Juan
= Service (USFWS) Post
NM Department of Post Animas Animas
Game & Fish (lower) (lower)
(NMDGF) San Juan San Juan
(upper) (upper)
Southern Ute Indian | Pre& Animas Animas
Tribe Post (mid) (mid)
(SUIT)
CO Department of Pre& Animas Animas
Public Health and the | Post (mid)
" Environment (CDPHE
8 | Animas River Pre Animas
g Stakeholder Group (upper)
0 | (ARSG)
% Animas Watershed Pre Animas
Q | Partnership (AWP) (upper & mid)
8 | EPA: National Rivers | Pre San Juan San Juan
;8 and Streams
B | Assessment (NRSA)
< 'Nm Environment Pre Animas (lower)
Department San Juan
(NMED)
Navajo Nation EPA Post San Juan
(NNEPA) (2017)
Bureau of Pre San Juan
Reclamation (1996)
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CHAPTER 4  PHYSICAL HABITAT

The Animas and San Juan riy@rysical habitat ~ Table4.1. EPA Mtional Rivers andSreams Assessment

analyss focused on four primary indicators of physical habitat indices used to describe the aqual

physical habitat conditions in rivers and streams: habitat condition.

relative bed stability and excess finegstream

fish habitat complexity, riparian (streamside)

vegetation, and riparian disturbance (EE3L6b).

B e e | bty an . s st by e
: : - excess fines | substrate and particle size

metrics. The primary indicators help document (LRBS)

the impact of our human footprint across the

landscape as well as the progress made through

widespread mtection and mitigation efforts. habitat areal cover of woody debris, brush,

When prerelease NRSA data were available, the complexity undercut banks, overhanging

2016 habitat condition was compared to-pre (XEC_NAT) vegetation, boulders, and rock ledges

release results. -

Habitat Index | Description

Relative bed

Instream

In additipn to the four primary hat_)itat ind_icators, Ripar areal cover and type aftreamside
the longitudinal patterns gfercenfiine sediment, | ~'Panan vegetation found in the ground layer
channel sbpe, and elevation throughout the ‘(’)‘(agi%'vc\’;)‘ (<0.5m), mievertical layer (0.5.0 m)

Animas and San Juan rivers were evaluated to
help interpret the spatial differences in biological
communities. Longitudinal patterns were relative measure of 11 human activitie!
measured with the river distance (km) walls, dikes, revetment or dams,

and upper vertical layer (>5.0m)

downstream from the Gold King Mine. Ellﬁsgr?n buildings pavement or cleared lots,
The baséhe physical and chemical characteristic&isturbance L?SS:, ?;r:g:‘li:;agrsir:sﬂr:e;;okrseJIlraev\r/];s
within the study area establishes the foundation (WI_HALL) row crop agriculture, pasture or

for the aquatic biota that are expected to occur at rangeland, logging and mining.

the different sampling locations. The physical

habitat characteristics include naturally occurring conditiong, (elevation, temperature, substrate) as well

as anthropogenic alterations to these conditions (e.g., riparian disturbance, channelization, watershed
erosion). The habitat within the effected river length ranges from an elevation 8,500 ft in the Artlmas at
confluence with Cement Creek to 3,400 ft at the furthest downstream location on the San Juan River. With
the elevation change, the aquatic habitat transitions from a mountain stream that is characterized by narrow
channels, steep gradient, and substdmminated by cobble/boulder in the upper Animas River to a wide
channel, low gradient, frequently braided channels dominated by sand and finer substrates in the mainstem
of the San Juan River (Figure 4.1.a). The channel slope in the Animas Rivetésigaegampling

locations closest to GKM (A68 = 1.5%, A72 = 0.7%) and in Mineral Creek (M34 = 1.6%). The median

slope in the Animas River sampling locations is 0.4 %. The slbge®&anluan River, on the other hand,

is similar from the confluence witithe Animas to the most downstream locations, with values ranges from
0.07-0.16%.
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One measure of anthropogenic impacts in thea)
immediate aquatic habitat is the level of
disturbancen the riparian zone. A wide range
of human disturbance in the riparian area is e
observed in the Animas River watershed with
all sampling locations exhibiting metrics with 70 % A
medium to high levels of disturbance.
Riparian disturbance generally decreases A SanJuan
downsteam in the San Juan River, with the ¢ o Mineral
most disturbed sites near the confluence with 20 U o,

the Animas (Figure 4.1.b). 10

Streambed Silt and Fine Sediment

® Animas

Percent
o
o
>

0 100 200 300 400 500 600

Three sampling locations in the San Juan
River have preelease habitat data that were
collected as part of the National Rivers and )
Stream Assessent. Two sites, SJIMC and Riparian Human Disturbance
SJBB are located on the San Juan River belo
the confluence with the Animas River. The i v ®  Animas
third site, SJAR is located on the San Juan . 2
River above the confluence with the Animas
River. The condition of riparian vegetation Ly . O Mineral
and habitat omplexity has scored consistently PR S
good over the years at all three locations 1 o Low (0.33)
(Table 4.2). The relative bed stability and W ST - S TR PRI .

. . . — = high (1.5)
habitat complexity has also remained 0 100 200 300 400 500 600
consistent at SJIMC and SJBB, yet changed t Distance from GKM (km)
a more degraded condition at the upstream
location SIAR in 2016. Riparian human
disturbance scored medium and high at both
downstream locations over time, suggesting
that human activities near the mainstem have
been consistently present at these sites.

[}

A SanlJuan

W1 HALL

Figure4.1. Longitudinal change im) streambed silt and fine
sediment andb) riparian human disturbance physical habitat
characteristics for the Animas River, San Juan River, and
Mineral Creek.

Table4.2. Physical Relative Bed| Riparian Habitat Human Riparian
habitat condition for SITE Year Stability Vegetation | Complexity Disturbance
sampling locations on ijJ;gEeam) 2016 Poor Good Fair High
the San Juan River with 2013 Fair Good Good Medium
pre-releaseNRSA _
physical habitat data 2009 (May) Pogr Good Good Medium
including 1 site on the 2009(June)|  Far Good Good Low
San Juan River located | SIMC 2016 Fair Good Good Medium
upstream of the 2013 Fair Good Good High
confluence with the Fair .
Animas(SJAR), and two 2009 : Good Good Medium
downstream locations SJBB 2016 Fair Good Good Medium
MC and SJBB. Fair
SIMC and SJ 2013 Good Good High
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CHAPTER 5 BENTHIC MACROINVER TEBRATE ASSEMBLAGES

As discussed earlier in thisport there are two overarching study questions about the potential impacts due
to the GKM release to biology in the Animas and San Juan rivers. First, did the GKM event add to
biological degradation in the already contaminated upper Animas river; amubsgid the GKM event

degrade biological communities in other downstream segments of the Animas and San Juan rivers that had
no previously known metal contaminatioGBapter 5 reports on the results from the benthic
macroinvertebrate assemblage analysit) an assessment of both pead postelease condition, and
longitudinal condition moving downstream from the confluence of Cement creek. This analysis found no
conclusive evidence of changes in the already degrade upper Animas river when comparipgeGitid
postrelease benthic macroinvertebrate assemblage data, using both-metrittindex or individual

assemblage metrics. When comparing samples throughout the Animas and San Juan Rivers, there was no
significant difference between pend postrelease samples and that benthic macroinvertebrate assessable
condition generally improved moving downstream.

5.1 Benthic macroinvertebrate data

Benthic macroinvertebrate assemblage data collected in the Animas and San Juan rivers between June 2008
to October 2016 were obtained from state, tribal and federal agencies as described in Chapter 3 and listed in
Table 3.5. Characteristics of the macroinvertebrate community composition were used to assess the health
of agquatic benthos in relation to time anddtion within the Animas and San Juarers. Time was

expressed in periods relative to tBKM releasdancluding preevent, the event period defined as August 5

to August 13, 2015 when water quality effects were greatest, anéyarst from August 14015 to April

2017 when the last squies were collected. Location waxpressed as distance measured along the river
centerline length starting at the Gold King Mine in the headwaters of the Animas River in Cement Creek.
Samples of 300 to 500 organisms epllected from multiple habitats or targeted riffle/run locations

using kicknets of varying sizeSincemost samples were processesing a fixed subsample approach, only
relative abundancef organisms and natensitycould be used duringnalysisMost taxa were identified to

genus or speciedssessment of seasonal differenoéthe benthic macroinvertebratessemblages

between preandpostGKM releasevas limited due tinadequate sampling seasons other than summer

Spring samplingvith pre- and postGKM release restd were limited to nly two sites{AR16-0 and AR2

7), thus aly samples collected during an index period of June through October were used in order to limit
theconfoundingeffects of seasonal variation.

There are vaous metrics that assess the health of aguatic communities using population sampling to
characterize presence and relative abundance of macroinvertebrates and/or fish species. Some metrics
target specific members of the macroinvertebrate comm(migy takconomicor functional feeding group)

while others combine multiple assemblage metrics into rmétiic indices (MMI) that provide a more

holistic assessment of condition of the entirsowinity. This assessment appli@ath individual

assemblage and misthetric indices to assess the general health of macroinvertebrate communities in the
Animas and San Juan rivers before and following the GKM reldatgtitional analyseof pre and post

GKM release benthic macroinvertebrate data collected from the apdemiddle AnimaRiver were

presented itMSI (2016 2017).

5.2 Benthic macroinvertebrate assemblage assessment tools

Two individual benthic macroinvertebrate metrics known to Bpaasive to elevated metal concentrations
were included in analysis of benthic macroinvertebrate spd@as. richnesss the total number of

distinct taxa units (TotalTaxapercent EPT(%EPT) is the percent of the total number of individuals that
repregnt Ephemeroptera, Plecoptera and Trichoptera taxa. These taxa favor habitats in cool, clear water
and rocky substrate that are most characteristic of the Animas Riitain the EPT taxa,dur additional
taxonomic groupghat have beeidentified assengive to metals pollution were also assedThese
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includedthree Ephemeroptetaxa(PercenEphemerellidae, PerceHeptagenidae, Percent Bae}jsand
one Plecoptertaxa(PercentTaeniopterygidag

MMI s have also been used throughout the United Statessess aquatic condition based on fish and
macroinvertebrate assemblage datg,(Karr and Chu 2000; Barboat al. 1999; Barbouet al. 1996).

The multimetric approach is an analytical process that combines metrics to define a locally or regionally
relevant index. The process involves summarizing various assemblage attelbgitesposition,

tolerance to disturbance, trophic and habit pr ef er ences) as individual i n
biological community. Candidate metrics are evaluated for aspects of performance for each waterbody and

a subset of the best performing metrics are then combined into a{defibhgd MMI. EPA ad Colorado

CDPHE have each developed MMI methods; both were applied to the benthic macroinvertebmaterdata

attempt to gain better resolution and tabpresentative of the Anim&&verand San Juan River habitats.

EPAb6s MMI me t h o d dopea o ¥he Waadesabld Stream Assasamers (WSA) of 2004 and

later refined and used in the National Rivers and Streams Assessment (NRSA) of 2008/09 (EPA/841/R

16/ 008). Additional details on t heetddé2008)lanodp ment of
Herlihyetal.( 2008) . EPAG6s NRSA MMI is composed of 6 bent
specific to aggregated Level Il ecoregions. Ecoregions are areas where ecosystems, and the type, quality,
and quantity of environmental resources are gelyesatiilar. The ecoregions relevant to the EPA MMI
assessment included the Western Mountain (WMT) and Xeric (XER) ecoregions.

EPAOs ecoregion MMIs were devel oped for each ecor
that performed best in eachadle 5.1). Note that the 6 bgstrforming metrics varied somewhat between

the two ecoregions. The calculated MMI at a site is compared to two condition thresholds that generally
represent the 25and 3" percentile of reference sites in the ecoregiothdfMMI is: greater than or equal

to the upper threshold, the condition of the community is considered good; between the upper and lower
threshold, conditions are fair; or less than the lower threshold, conditions are poor.

Table5.1. EPAA NRSA benthic macroinvertebrate muttietric index (MMI) characteristics
for ecoregions applicable to the Animas and San Juan rivers.

Ecoregion
Western Mountain Xeric
(WMT) (XER)
Metrics 1 EPT % taxa richness I Norrinsect % individuals
1  %individuals in top 5 taxa 1 % individuals in top 5 taxa
9 Scraper taxa richness 9 Scraper taxa richness
1 Clinger % taxa richness 1 Clinger % taxa richness
1 EPT taxarichness 1 EPT taxarichness
i Tolerant % taxa richness I Tolerant % taxaichness
Good 054 053
threshold
Poor threshold <40 <40

Col oradobés MMI assigned 3 biotypes to the Ani mas
biotype as an aggregation of benthic macroinvertebrate sites that have similar community composition. The
biotype of a sampling location is defined by tloeregion, elevation, and stream slope. The Mountain and
Transition biotypes were applied to theper and middle Animas Riveill of the Mountain and a portion

of the Transition biotypescaini ded wi t h E P A 6The |onét Rnineas and Sag Juammi

sites are located within the Plains and Xeric biotypes.
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The CDPHE MMI also uses the@Gbestperforming benthic macroinvertebrate metrics (CDPHE 2017).
Metrics selected for the 3 biotypes assigned to the Animas and San Juan are listed in Tablegs.2. Us

Col oradods

approach,

t he

bi ol ogi cal

condi ti

on

MMI to an upper and lower threshold that indicates attainment or impairment of ecological function,
respectively. When the MMI score falls betweea @ttainment and impairment thresholds, additional
metrics are applied to determine if a waterbody supports the biological use.

A value for the NRSA and the Colorado MMIs was calculated for each sample dependent on the
ecoregion/biotype of the site. EPAa@ Col or ado

MMI 06 s

devel oped

for

of a

t he

differ somewhat in ecoregion delineation, selected community metrics, and the attainment and impairment
thresholds (Tables 5.1 and 5.2). Both MMI scores range from 0 to 100, with higherisdarating
healthier benthic macroinvertebrate assemblages.

Table5.2. Colorado benthic macroinvertebrate MMI characteristics for Animas River biotypes.
full description of the multimeric development can be found O DPHE 201Descriptionof each
metric is locaed in Appendix C.

Biotypes
Mountain Transition Plains and Xeric
1 TotalTax 1 EPTTax* 1 TotalTax
1 EPTTax® 1 NoninPct 1 pt_noninsect
_ 1 pEPTNnoB 1 pEPTnoB 1 pEPTNnoB
Metrics 1 ClngrTax 1 ColeoPct 1 SprwlTax?
1 IntolTax 1 pt_Intol* T IntolTax
1 pi_DecrMtnTrn 1 pi_IncrMidElev 1 pi_IncrPlains
1 PredTaxFAC 1 ClingrTax* 1 PredTaxFAC
1 ScrapPctFAC 1 PredShrTaxFAC 1 ScrapPctFAC
Attainment
threshold 48 45 42
Impairment
threshold 40 34 29

N Metric has been adjusted based on Julian Day of sample collection.
* Metric has been adjusted based on average summer temperature

5.3 Trends in macroinvertebrate communities

5.3.1 Longitudinal trends within the river system

Individual biological community metrics including the percentage of Ephemeroptera, Plecoptera, and
Trichoptera individuals relative to the entire sample assemblage (%oB&Thatoal number of taxa are
shownin Figures 5.1 and 5,2espectively. Site values vaeplotted longitudinally within the Animas and

San Juan rivers as a function of river digte. Data we identified by collection period relative to the
GKM release A few samples were collected during the GKM event at selected locations within the upper
Animas River, although the Animas and San Juan rivers were broadly sampled a number of times in the

following 2-yearpostGKM releaseperiod. Anarrower set of siteslso hadore-event data.

Individual community metrics can be influenced by differences in water quality stressors as well as
availability of suitable habitat for a species within a river system of this length. Lower %EPT or number of

taxa can indicate me highly polluted or degraded water, or it may simply indicate less available suitable
habitat for particular species. The species within the EPatésd to prefer higher gradient, coarse

substrate habitats and would be expected to be observed irbhigtieace in the mountainous headwaters
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of the Animas. There is a strong longitudinal habitat gradient within the Animas River as the river descends
from the steep mountainous headwaters into the relatively low gradient valley in Hermosa Springs/Durango
area at river distance 65 km (Figure 4.1). Habitat conditions continue to transition to low gradient, fine
substrate channels in the lower Animas through the length of the San Jua(CRayater 4)

A longitudinal trend in macroinvertebrate communities exdent to some extent in the study area. The
%EPT was generally highest in the upper Animas and simikai sampling periodéFigure 5.1).

However, variability was asronouncedht similar distances as it was along the length of both rivers. The
main ception to this pattern is low %EPT observed in Cement Creek at river distance 14 km. Cement
Creek is one of three major tributaries in the Animas River headwaters that directlystoge@amounts

of natural and miningaused AMD producing water witow pH and high metal concentrations.

The total number of taxa is also a commonly used aquatic community metric, where fewer taxa than
expected for a given habitat within an ecoregion can indicate degraded water quality or poorer habitat. The
number of taa observed was lowest in headwaters streams within the mining district and was similar in all
sampling periods (Figure 5.2). While the %EPT declined with distance in the Animas River, total taxa
increased along the length of the Animas River. Total texkex in the lower Animas near where it joins

the San Juan River at river distance 193 km. Higher numbers of taxa persist for a few lslamteeSan

Juan River and thedecline through the remaining length of the San Juan River, probably refleeing th
homogenous fingrained river bed that characterizes much of its length. There was almost the same
variability in total taxa observed among sites at similar distances as there was observed along the length of
the affected rivers.

EPA NRSA and Coloradb!MI scores aretmwnbelowin Figures5.3and 5.4 respectively The lowest

MMI scores were observed in segments persistently impacted by acid mine drainage within Cement Creek
and immediately downstream of its confluence with the Animas River at Silv&@mpresumably

reflecting the poor water quality that is routinely documented in this area. MMI scores remained generally
low and below attainment levels in the Animas River for some distance downstream of the mining district
NRSA and Colorado MMI scoremproved and achieved attainment at river distance8@fand 50 km,
respectivelynearDurango, CO. The Colorado MMI tended to cluster at lower MMI values within the 80

100 km distance during thedaty GKM event period, but were within the yedease mage of variability

(Figure 5.4). The zone of impact of acid mine drainage in the upper Animas River is consistent with EPA
ecological risk assessments conducted in support of mine remediation efforts (EPA 2015).
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5.3.2 Pre- and post-GKM release comparisons of benthic macroinvertebrate data

In addition to understanding the general condition of the benthic macroinvertebrate assemblage throughout
the Animas and San Juan rivers, it is also important to understand if the assemblagpe givsmrto the

GKM release changed after the event. Table 5.3 shoavpre and postevent median MMI and metric

values from a subset of sites that were sampled for benthic macroinvegelratg pre and postevent.

These sites were distributesay the length of the Animas and San Juan rivers, as shown in Figures 5.1
through 5.4.

Due to the limited number of sites with pend postevent data, a neparametric Wilcoxon Signed Rank
test was used to determine whether the median values of theveos samples of each of the assemblage
metrics were statistically different than the median values of theyaet samples (Table 5.3). The
Wilcoxon test found no significant difference between the gne postGKM NRSA MMI or the Colorado
MMI. The individual metrics, %EPT and total taxa were statistically compared in the same way. There was
no significant difference in %EPT between the-aned posiGKM release time periods. Total taxa were
significantly greater in thpostGKM release samples tharotte collected prior to the release. Appendix C
shows the site specific median values for the @nel postevent periodswhile the Wilcox Signed Rank
test showed no significant differences between thegmeé postGKM release time periods, the number of
signedrank scores greater than 10 was substantially higher than theasigacores less thari0 within

the mddle Animas (Figure 5.5), suggesting that benthic macroinvertebrates communities showed little
impact from the GKM release.
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Figure5.5. Changes in macroinvertebrate community metrifoy sites with both pre and postrelease data
following the GKMrelease in August 2015. Changes in each metric are expressed as summed ranks fra
Appendices C.2 through C.5, screened to show only positive or negative changes greater than 10.

57



EPA Gold King Nie Biological Response Report

Table5.3. Comparison benthic macroinvertebrate assemblage indices and metrics for sites that peese
andpostDYa NBf SIFaS RIEGEFE® {GFGAAGAOFE |yl f &a Aanks tzit.S
* Significant atp < 0.05.[Appendix Cshows site spedic median values for preand post event periods]

Pre-GKM r elease Median| PostGKM r elease Median| z-value p-value
(Range of Median Values| (Range of Median Values
Across Sites) Across Sites)
% EPT 69.1 (30.596.1) 68.0 (36.8 91.3) -2.5854 0.0821
Total Taxa 15.3 (8i 29) 18.0 (97 25.4) -2.3049 0.01779*
NRSA MMI 45.8 (23.20 67.7) 47.3 (32.6 66.1) -1.0859 0.2979
Colorado MMI 47.5 (16.8 85.4) 48.6 (17.9 70.8) -0.7756 0.4637

Previousresearch within Colorado has identified a number of taxa groups that are sensitive to metal
pollution (Clements 1994, Clemergsal.2000).Due to the relative low number of these sensitive taxa
throughout the watershewo statistical analysis was comtied to assess changes in relative abundance
between preand posiGKM release time periods. Of thesensitive taxaBaetis sppshowed the greatest
distribution throughout the watershed (Figures®%).Baetis sppshovedsimilar relative abundance
between the preand postGKM release time periods, with the middle Animas showing the greatest relative
abundances regardless of time periods (Figure 5.7). Cleeteait$2000) did find differences in

sensitivity of specificspecies oBaets, and since taxa were not consistently idédifo species in the

samples used in this study, those differences may have limiteability toobsere any differences

between the two time periods. Three other metal pollution sensitiaegroups, Heptageniidae,
Ephemerellidae, and Taeniopterygidae had substantially lower relative abundance throughout the watershed
compared t@aetis sppregardless of preor postGKM releasg Appendix Q. In fact, Taeniopterygidae

was limited to onlyte upper Animas, and was found in melow abundanceSome of these taxa are more
prevalent during the winter/spring seastue to life history and the seasonal abundance of more developed
instars. hus theymay be underrepresented during the summec@iikctions
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5.4 Summary of benthic macroinvertebrate as semblage data

Macroinvertebrate population indices show that aquatic communities have expksebstntial

degradation in the headwaters of the Animas River due to historical mining activities in the upper Animas
watershed. Water and sediment qualitpadions improve with distance from the headwaters as cleaner
incoming tributary flows moderate impacts. Previous studies have documented historic and ongoing mining
impacts on water and sediment quality and aquatic communities in this area (USGS 20Q0,1EFRPA

2016c). Mining impacts are most prevalent and persistent in the upper Animas River segment from
Silverton to DurangoCO. The aquatic communities in the lower Animas and San Juan fiviezs

applying the Colorado and NRSA MMigenerallyshowattainmentof the aquatic life use and fajood

conditions, respectively

Habitat differences as well as water quality appear to influence individual community metrics such as the
Percent of Ephemeroptera, Plecoptera, and Trichoptera taxa (%Btdjal taxa. The 55kilometers of

the Animas and San Juan rivers affected by the GKM release have diverse habitats that affect the
distribution and abundance of macroinvertebrate and fish species along theirAeliionally, great
variability was observedmong samples collected at the same local. This variability likely reflects the
natural fluctuation inherent in riverine benthic communities but also likely refldésing sampling
methodologies

This analysis focused on samples collected during@dexiperiod of June through Octobiio significant
changes to theummer/fallbenthic macroinvertebrate assemblages due tGKM release were observed
when comparing postlease and preelease samples in the Animas or San Juan RiVBese results are
consistent with analysgsesented iMSI (2016, 2017)Potential changes in spring benthic
macroinvertebrate communities are also of interest since stuties have reported theffects of metals
are often greatest in spring during periods of eleviitedand increased metal concentratio@tefments
1994. MSI (2017 presentdthe analysis ofhe limitedspring benthic macroinvertebrates data collected
from two middle Animas River sampling locatiof@@mes Ranch and85treet Bridgeandconcluded
that thepost GKM release community was consistent with historic conditions.
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CHAPTER 6  FISH POPULATIONS

Fish populabn characteristics in the pe&KM releasalata (2015 and 2016) were conmgdito long term
trendsin fish population surveys conducted in the Animas and San Juan rivers to determine how different
fish species and age classes responded to the GKM re\dargespecifically, were acute impacts to the
fish populationsobserved during the initial KM release when metals concentrations were hight'str2
long-term changes ifish population®bserved a year after the GKM relea&dfapter 6 presents spatial
and temporal trends observed in large (adult) and small (small adults and fry) fish suwveasalgses
showed there were no significant impacts on adult fish population abundance in the Animas River after the
GKM release, potential impact to juvenile bluehead suckers near Durango, and inconclusive results in the
San Juan River.

6.1 Fish and wildlife

studies in the Animas River

The most robust fish population and wildlife response data for the Animas River were collected by the
Colorado Parks and Wildlife (CPW), which included a sentinel fish toxicity study, intensified fish

population surveys, wildié mortality survey, and partnering with CDPHE to measure metals in fish tissue.
Large fish surveys were conducted in the Animas River (Figure 6.1) near Durango (Reaches 1 and 2) and
four locations in the upper Animas: Teft Spur, Elk Park, A72 (Silve@@), and upstream of the Cement

Creek confluence near Howardsville, Cthhe Howardsvillesitess a A contr ol 6 site not
GKM release. Small fish/fry surveys were conducted at seven locations on the Animas River. Two dead
beavers wereollected and submitted to Colorado State University for necropsy. The results of the
laboratory analyses did not suggest that the beavers died of exposure to toxic concentrations of minerals or
metals. The cause of death was inconclusive. Results oétieed fish study and fish surveys follow. The
metals in fish tissue results are presented in Chapter 8.

Table6.1 Summary of the GKM response sampling and data collected by Colorado Parks and Wildlife.

Study

Dates Description

1.5inch rainbow trout fry were placed in cages at three sites in t

Sentinel g . . .
fishiwater quality 8/6-8/10/2015 Animas River and_on_e control site for fedays. _Wateiquallty
data samples were periodically collected at cage sitesieasure metals
exposure.
8/24-8/27/2015 Large fish surveys near Durango (Reaches 1 & 2)
September 2015 | Small fish surveys (7 Animas River sites)

9/8-9/10/2015 Large fish surveys (Howardsville, A72, Elk Park, Teft Spur)

Fish surveys

3/18/2016 Large fish surveys near Durango (Reaches 1 & 2)

7/19-7/20/2016 Small fish surveys (7 Animas River sites)

9/14-9/16/2016 Large fish surveys near Durango (Reaches 1 & 2)

Survev for fish and CPW staff raftedections of the Animas to survey for fish kill or

urvey . 8/16/2015 other impacts. Two dead beavers were collected and submitted
wildlife mortality . :

necropsy. Six dead fish were collected.
o 8/14/2015 ) , .

Metals in fish Five brown trout and five rainbow trout were collected from the
tissue 3/18/2016 Animas near Durangd-ilets were submitted to CPDHE for testing
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Figure6.1. Map depicting CPW large and small fish survey locations on the Animas River.
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6.1.1 Sentinel fish study

CPW placedhree cages that each contained 12 trout fry (1.5 inches) at three locations in the Animas River
(32" St. Bridge, the Hatchery, and High Bridge) and five cages at a control site (Junction Creek) as the
plume moved through Durango, CO from-&@.1/15. The6-hr exposure to the GKM plumeoald be
consideredimilar to the duration of acute toxicity testgpically used in the derivation of water quality
criteria. Cages werehecked three times a déy the condition of the fish (e.g., respomnes$ and

mortality. Water samplewere collected in the morning and afternoon amte frequently at hatchesjte

during plume's passirand analyzed for a suite of total/dissolved metal concentrations. Although metal
concentrations rose and pH fell at the AnimageRlocations as the plume passed (e.g., from almost 8 to
7.3 at the hatchery), only limited fish mortality was observed. Of the 108 fish that were deployed in the
GKM plume, 2 mortalities were observed at the most downstream location. Death of theeyeajto be
related to handling of the fish rather than the GKM release (Appendix D). In addition, no widespread fish
kills were reported on the Animas River during or after@GikeéM release The low trout fry mortality is
consistent with the water qualityiteria exceedance analyses that indicated the peak metal concentrations
observed in the Durango area were not acutely toxic tdgesh Section 2.3.3; Figure 2.12)

6.1.2 Fish population data

Pre and postGKM fish population data were collected by the Catliw Parks and Wildlife (CPW) agency
using electrofishing in the fall at various locations on the Animas River (Figure 6.1), as described in
Section 6.1. FoReaches 1 and 2 near Duranipe original dataset included samples taken as early as
August 1912The prerelease conditions includexh surveys done every few years during the period-2002
2016. For the other folargefish surveysites, we examined data from sampling in 1992, 1998, 2005,

2010, 2014, and 2015 (after the GKM release). Theseaetasent either the total count of fish caught

during sampling events (Reaches 1 and 2), or the density of fish (fish/mile). For the former count data, the
level of effort (total stream length sampled) was consistent from year to year, allowing for annual
comparisons to be made. For Reaches 1 and 2, we focused our examination on native species and the
recreationallyimportant salmonids: bluehead sucker, flannelmouth sucker, mottled sculpin, brown trout
and rainbow trout. We plotted count data (summed adroth reaches) through time to assess whether
postGKM releasesamples collected in 2015 and 2016 indicate a departure fro@Kiverelease

conditions. Brook trout were the only targeted species at the four other survey sites. Data indicated virtually
nofish caught at A72 or Elk Park since 2005, so only data from Teft Spur and Howardsville were
examined.

We also looked at data from CPW small fish electrofishing surveys at seven different locations on the

Animas River (Figure 6.1). These were myéiss dpletion surveys along 10fetersections of shoreline

in shall ow water where trout fry would normally b
Bridge, and the most downstream location is about ten miles from the Colorado/New Mexico border on th
Animas (High Flume Canyon). These surveys have been done periodically since 1996, and are typically

done in July. An extra collection effort was made in September 2015, about a month after the GKM release.

6.1.3 Temporal patterns of fish populations in the Animas River

Sampling at Teft Spur indicates thaibbk trout populations droppduabtween 2005 and 2010 (Figure 6.2).

This may be related to the cessation of remediation activities of the Gladstone treatment plant on Cement
Creek in 2004 (CPW 2018/SI 2017. The number of brook trout caught at Teft Spur in 2015 {E¥a\
release) was slightly greater than in 2014 and 2010. At Howardsville, brook trout density was slightly
greater in 2015 compared to 2014, but about half the density seen in 2005 and 2010.
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Figure6.2. Density of brook trout caughhearHowardsville COand Teft Spur in surveys conducted by the
Colorado Department of Parks and Wildlife

In Figure 6.3 (and later in Figures 6.8 and 6.9), dabhezlboxes denote pree | eas e A nor mso
abundance. The upper and lower bounds of these rectangles depend on the numireleaspreamples.
With less than 10 samples, the largest and smallesej@ase values define the upper and lower ngita
boundaries. For @0 samples, the highest and lowest@iease values were discarded and tH&ighest

and 29lowest values define the bounds. Using this methodology, we then determined if the number of
individuals caught during 2015 and 2016d&n on the plots using red triangles) were outside the range
defined by preelease data.

Fish counts were generallyithin the prereleasganges, and no counts were low except for rainbow trout
in 2016 (Figure 6.3), which was slightlgdsthan the praeleasdow in 2010 (93 versus 98). However, the
2016 count is well within two standard deviations of the average number caught betwe@0 20020
statistical significancgas minimal. Also, effects of the GKM release on trout populationke Durango
areawere confounded with the annual autumn stocking of rainbow and brownRainbow trout

stocking in the fall of 2016 was low due to a shortage of hatcher{Amgbendix D) In 2015, nearly all

trout stockingvascompletedorior tothe GKM-release, so the 2015 survey results for trout reftect

typical stocking rateverall, ault fish within these populations appear not to have been affected by the
GKM release

66

of



EPA Gold King Nie Biological Response Report

Bluehead Sucker Flannelmouth Sucker
250 ° 30
: ' A
200 | 25
= £
2 150 E 1 2
8 . . . 8 . .................. . ...................................................... '
] i 5 15 ¢ i
e} H Q el :
£ 100 : £ i
3 t (@] =1 '
= i = 10 : ® H
“ feerenrnrsnresnanssnaseanenns @
5 @ A:
U @
0 0
o~ =y [Xe] =] o ~ = w0 o~ = [V} 0 o ~ = w
= o i =] - — ) -
s & g & &8 & & &8 e &8 & & &8 & & B8
Rainbow Trout Brown Trout
600 250
A :.................... .....................................................
500 fres @y 200 @
o } = ] A
'ncn400 : @ _gn b © (0] ® &
3 1 3 .
© H @ 150
&} [} o t
300 @ 5 :
£ i £ 100 |
S $ 0] ;
3 200 i i 3 . @ o
BT s T TR T TP . ....... *.E 50
0 0
o~ = w o0 o ~ = o ~ L3 Ite) o0 o ~ =3 [te]
i pm = = o o o o - — - p=
g &8 § § & & § § g &8 & &8 8 &8 8 8
Mottled Sculpin
400 -
goQ e . .................. 2
®
o 300 :
= H
gﬂ :
3 250 ;
O :
E 200 F i
A
§ 150 ¢ :
z A
100 ¢ H
. H
50? ...... YO (C TS
0 | - ‘ . : . : )
o™ = (%3 L=} o o~ =t [1+]
8 8 8 8 3 s B 38
o~ o~ o~ ~ ~ o~ ~ ~

Figure6.3. The number of common native fishes and important salmonids caufybin the Animas River near
Durango, C@Reach 1 & 2 in Figure 6.1) in surveys conducted by the Colorado Department of Parks and
Wildlife. Blue dots are pré&GKM rebase samples. Red triangles are pg3KM release samples. The bldashed
rectanglesin each figure denots pre-GKM releasesurvey ranges.
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Comparison®f thepre- and postreleasesmall fish surveyesults provided insight intpotential impact to
metal sensitive taxa (i.e., mottled sculpin) éifelstagesFigure 6.4shows thérown trout fryand mottled
sculpin density (#/kmbpefore and after the GKM release. The survey in September 2015, aftzkbe

GKM release, captured 20% lassut fry than in July 2015,red 11% less than July 2016hi§ decrease in
trout fry densitycould berelated to the GKM release, but is more likely explained bgéasonal

movements of fry out of shoreline areax into deper pools in September and the lower flow in
Septembe(CPW 2015) given the lack of mortality in the sentinel fish stuBligure 6.4 also shows that the
density of mottled sculpin seen in the small fish surveys does not indicate impactdr@ithrelease.

The shallow, graveled, shoreline habitat sampled in the small fish surveys is considered a more accurate
representation of mottled sculpin densities than the large fish surveys, which target larger fish in deeper
water (Personal communicatioJim White, CPW Aquatic Biologist).
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Figure6.4. Top: the average density#/ km) of brown trout fry caught at seven Animas River sampling
areasbyCPW Yy GKS fF3S dpnQa O2YLI NBR (2 i-deieBiéndaid )
error of the mean Bottom: the density of mottled sculpin caught in those same shoreline small fish
surveys
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Relative abundance of bluehead sucker inAhienas River neaDurango, plotted by total fish length and
averaged from 2002014, 2015 (posiGKM release) and 201i6 shown in Figure 6.5Therelative
abundance daddult fish in2015was similar to thepre GKM releaseconditions butan absence of fidless
than200 mm in the 2016 data wapparent.
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Figure6.5. Relative abundance of bluehead sucker in tAmimas River neaburango(Reach 1 and 2 in
Figure 6.1) fopre-release 20022014) compared to the fall 02015 and2016.

6.2.1 Summary of CPW survey data

No widespread fish kills were reported on the Animas River during or aft&KhMrelease The CPW
sentinel fish cage studyonfirmed that the GKM releasgas not acutely toxic to fisidditionally, we did
not findanyevidence of declines in the number of adults sampled from the Animas River iarA®%16
for any of the species we reviewed (Figure 6.2 and 6.3).

The lack of evience of a negative response on adult populations the year following the GKM release does
not address potentialdgerterm impacts. The GKM releaseay have been more stressful on larval and
juvenile fish (Figures 6.4 and 6.5); however, CPW saw evidenapodduction by native species (mottled
sculpin, bluehead sucker) in the months following the release, suggesting that theel@gd4vas not

acutely toxic to younger life stages (CPW 20130 review of the bluehead sucker data, whinbludes

an additonal year of monitoring2016, shows a laclof juvenile bluehead sucker (< 2@@m)(Figure 6.5)

while populationabundance has remained within taage ofpre GKM releaseconditions (Figure 6.3).

For trout species, impacts on younger life stageeshdlenging to identify since population levels are
primarily determined by stocking and harvest rates established by the state of Colmaelndix D)and
nottherecruitment of larvae and juveniles.
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6.3 Fish abundance in the San Juan River

A long running dadset on fish abundance collected by the US Fish and Wildlife Service on the San Juan
River from Blanco, NM to the Clay Hills boat ramp in Utah (Figure 6.6) was analyzed to compare the post
GKM release samples in 2015 and 2016 to data from-20Q4. Fish were captured using raft

electrofishing, and the duration of the sampling period (in seconds) was used to standardize the number of
fish caught into a cateperunit-effort (CPUE) metric. The USFWS performs these surveys in September
and October each yeaw betweeryear comparisons are seasonally comparable. Typical sampling duration
was 2030 minutes. We focused our analyses on four native species frequently seen across time and sites:
flannelmouth sucker (FMS), bluehead sucker (BHS), razorback suckey @RdSpeckled dace (SPD).

The theoretical foundation for changes in fish abundance would be that the increased levels of dissolved
metals (primarily aluminum and iron) seen in the San Juan River in the fall of 2015 through the spring
snowmelt period of 206 could be an irritant, causing fish to emigrate from these areas. There is a weir and
low-head dam in the few miles downstream of Fruitland on the San Juan (SJFP), and these features could
serve to inhibit the movement of fish from this area to the agpeiteam (LVW020).
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Figure6.6. Nine sgmentsof the San Juan River that have been historically sampled to assess fish abundance by
the USFWS. Mile markers are given below each reach endpoint. Only one region, SJAR, is upstream of the
confluence of the San Juan and Animas River.
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6.3.1 Longitudinal patterns of fish populations in the San Juan River

Three species (BHS, FMS, SPD) showed the same A)
longitudinal pattern of abundance in the 2016
population sampling. Figure 6.7A shows the average )
catch per hour of sampling effort (CPUE)RNIS. ®
As with the other two species, FMS are most ]
abundant at sites immediately downstream of the
confluence with the Animas River (LW®20 and

SJFP) and decline longitudinally along the length of
the San Juan. However, these species are still prese
in low numbers as far downstream as Clay Hills

more than 300 km from Farmington. These species
are also found in much lower abundance upstream c
the confluence with the Animas River (SJAR). These
species are likely responding to temperature
gradients within th San Juan, with the sites closer to
the Animas River confluence being warmer at the p)
time of sampling than either sites upstream or farthel Razorback Sucker
downstream of the confluence. Upstream of the (2000-2016)
Animas confluence (~55km), the San Juan receives
the cool hypolimnetievaters discharged from

Navajo Lake.

Flannelmouth Sucker (2000-2016)
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Razorback suckes listed as federally endangered,
and a formal management plan exists for assisting it:
recovery to historic levels. The plan (fully
implemented in 2009) includes a decatizyy

stocking program thabtroduces fish at a variety of
sites in the middle to lower 8auan. The average e e a x < o < =
CPUE for razorback sucker ashown in Figure 6.7B F & T TS S
peaks at Fruitland, suggesting that the weir and dam
downstream of Fruitland mdinit upstream C)
migration of razorback suekto the LVW-020

segment in Farmington.

Average CPUE (# Caught per Hour)

Channel catfish, a competitor of the other species, is
found in increasing abundance moving downstream
from Fruitland to Bluff, UT, and then declines

moving farther down to Mexican Hat and Clay Hills
(Figure 6.7C)The Colorado pikeminnow (not

shown) is observed occasionally at low abundance at
various locations along the length of the San Juan
River.

Figure6.7. Theaverage CPU for A) flannelmouth
sucker, Brazorback suckerand C) channel catfish
at sampledreaches of the San Juan River averagec
from 2000-2016.
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https://www.colorado.gov/pacific/sites/default/files/Policy%2010-1_Appendices.pdf
https://www.fws.gov/southwest/es/newmexico/documents/final_nnlfwqi_report.pdf
https://www.env.nm.gov/surface-water-quality/sop/



http://www2.epa.gov/region8/upper-animas-mining-district-draft-baseline-ecological-risk-assessment
http://www2.epa.gov/region8/upper-animas-mining-district-draft-baseline-ecological-risk-assessment
https://www.epa.gov/sites/production/files/2016-03/documents/post-gkm-final-conceptual-monitoring-plan_2016_03_24_16.pdf
https://www.epa.gov/sites/production/files/2016-03/documents/post-gkm-final-conceptual-monitoring-plan_2016_03_24_16.pdf



http://pubs.usgs.gov/pp/1651/


















https://www.epa.gov/goldkingmine
https://www.epa.gov/waterdata/water-quality-data-wqx
https://www.epa.gov/waterdata/water-quality-data-wqx
https://www.waterqualitydata.us/Station/search?organization=21NMEX_WQX&sampleMedia=Biological&startDateLo=01-01-2010&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Station/search?organization=21NMEX_WQX&sampleMedia=Biological&startDateLo=01-01-2010&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Station/search?organization=21NMEX_WQX&sampleMedia=Biological&startDateLo=01-01-2010&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Result/search?organization=21NMEX_WQX&sampleMedia=Biological&startDateLo=01-01-2010&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Result/search?organization=21NMEX_WQX&sampleMedia=Biological&startDateLo=01-01-2010&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Result/search?organization=21NMEX_WQX&sampleMedia=Biological&startDateLo=01-01-2010&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Station/search?organization=SOUTHUTE&sampleMedia=Biological&startDateLo=01-01-2013&startDateHi=12-31-2014&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Station/search?organization=SOUTHUTE&sampleMedia=Biological&startDateLo=01-01-2013&startDateHi=12-31-2014&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Station/search?organization=SOUTHUTE&sampleMedia=Biological&startDateLo=01-01-2013&startDateHi=12-31-2014&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Result/search?organization=SOUTHUTE&sampleMedia=Biological&startDateLo=01-01-2013&startDateHi=12-31-2014&mimeType=csv&zip=yes&sorted=no&dataProfile=biological
https://www.waterqualitydata.us/Result/search?organization=SOUTHUTE&sampleMedia=Biological&startDateLo=01-01-2013&startDateHi=12-31-2014&mimeType=csv&zip=yes&sorted=no&dataProfile=biological
https://www.waterqualitydata.us/Result/search?organization=SOUTHUTE&sampleMedia=Biological&startDateLo=01-01-2013&startDateHi=12-31-2014&mimeType=csv&zip=yes&sorted=no&dataProfile=biological



https://www.waterqualitydata.us/Station/search?organization=CORIVWCH_WQX&sampleMedia=Biological&startDateLo=01-01-2012&startDateHi=12-31-2012&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Station/search?organization=CORIVWCH_WQX&sampleMedia=Biological&startDateLo=01-01-2012&startDateHi=12-31-2012&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Station/search?organization=CORIVWCH_WQX&sampleMedia=Biological&startDateLo=01-01-2012&startDateHi=12-31-2012&mimeType=csv&zip=yes&sorted=no
https://www.waterqualitydata.us/Result/search?organization=CORIVWCH_WQX&sampleMedia=Biological&startDateLo=01-01-2012&startDateHi=12-31-2012&mimeType=csv&zip=yes&sorted=no&dataProfile=biological
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https://www.fws.gov/southwest/sjrip/
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https://www.env.nm.gov/river-water-safety/animas-river-data-documents-page/#wildlife
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https://www.colorado.gov/pacific/cdphe/animas-river-water-quality-sampling-and-data
https://www.colorado.gov/pacific/cdphe/animas-river-water-quality-sampling-and-data
https://www.colorado.gov/pacific/cdphe/animas-river-water-quality-sampling-and-data



http://animasriverstakeholdersgroup.org/blog/index.php/data/
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