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Messagdrom New MexicoEnvironment SecretaryButch Tongate

Shortlyafter theAugust 5,2015 Gold KingMine (GKM)
spill, Governor SsanaMartinezappointedateam to
monitor andassess theong-Termimpacts otthespill. The
stateledteamincludes top sciencand engineeringxperts
from executiveagencies and other organization®New
Mexico. During2016, theeam conducted extensiv
testingof river water, sediment, wellater, treated
drinking water fish tissueand croptissue. Seasonal
waterlevel surveys wereonductedo identifyareas
whereriver watermaybe seepingnto alluvial
groundwater.Sondes werestalled inthe AnimasRiver
to continuouslymonitor waterquality, and to inform
decisions byublic watersystems on closingater intakes
duringtimes ofhigh flow and potentiatontamination.

A Citizens Advisory Committeg(CAC) was seatetb providecommunityoversight and input
on theLong-Termmonitoringand responst thespill. New Mexico spearheaded efforts to
develop &2016SpringRunoff Preparedness Plan bringitigeestates, thre&ribes, and
numerougountyand municipabgencies on board for collabavat success throughout the
watershed. An Exposuend Risk Dashboard was developed to cleamty brieflyconvey
contamination conditiongontaminanexposureathways, and risks to tlgeneralpublic.
Numerous technical papers and presentations theteghlights ofa well-attendedwo-day
conferenceon water qualityconditions inthe Animas and San Juan Rivers held in
Farmington.

To keep theesponsiblgarties accountable, tigtateof New Mexico filed lawsuits against

theU.S. Environmental Protéon Agency(EPA), several miningompaniegnd theStateof

Colorado. WhillNewMe xi co support sthedBéhha®Psak MimngDistricci on o f
(which includes th&KM) in the National Prioritied.ist as aSuperfund sitewe also demand

thatEPA usesound science, bleonest with thgublic, andreat residents downstream from

Coloradoas stakeholders in ttf&uperfund procesdJnf or t unat el y, BFOPAOGS rece
rejectall GKM damageclaims contradicts their earlier enthusiaslistributionof claims

forms and assertioribataffected parties woulde madewholethrough theclaims process.
Theseinconsistentactionsprovidelittle hopethat EPA, aesponsiblgartyfor thespill, will

hold itselfto thesamestandards that it has lomgquired ofprivatecitizens.

We look forward to continuvorking together withour New Mexico stakeholders to protect
our uniguesnvironment.

Yours truly,

ButchTongate
Secretary New MexicoEnvironmentDepartment
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Introduction

The GoldKing Mine (GKM) is locatedin theupperAnimaswatershedearthe town of
Silvertonin the SanJuanMountainsof southwester©olorado,andwasin operaion
from approximatelyl887 until 1922.The GKMis oneof some400abandonedr
inactive minesin the SanJuanMountains. Acid rock drainage (ARD) formsvhen
geologic mineralsundergooxidationandrelease sulfuriacidanddissolvedmetalsinto
water. Forthepurposeof this Long-TermMonitoring Plan,ARD is meantto include
drainage from bothundisturbedhaturallyoccurringmineralsandore bodiesaswell as
drainaggrom mineworkings. ARD from theore bodiesandfrom someof themine
workingsimpactedwaterqualityin the AnimasRiver andin manyof its tributaries.
The GKM, howeverwasnot asourceof ARD whenmining operatisms ceasedn
1922. Seepag®ef ARD fromthe GKM beganafter bulkheadsvereinstalledat other
mineworkingsin the area,n thelate 1990s toearly2000s, inaneffort to control
ARD. Thebulkheadsausedgroundwateto becomempoundedandriseinto
prevously unsaturatedatural geologicfracturesandmine workings,suchasadits.
Adits are horizontalor nearly horizontal passageffom the surfaceby which amineis
enteredandcanbeusedto dewaterandventilatemineworkings.Floodedmine
workings,includingaditsatthe GKM, became sourced ARD seepage thalid not
existprior to installationof the bulkheads.The U.S EnvironmentaProtectionAgency
(EPA) andthe Stateof Colorado took actionsto investigate andlleviatethesenewly
createdseeps ofARD.

OnAugustb, 2015,anEPAwork crew diggingnto theGKM Level 7 adittriggereda
blowoutandcontinuoudischargeof impoundedminewater. The EPA afterwards
reportedthatmorethan3 million gallonsof acidicminewatercontainingsediment,
heavymetals,andotherchemicalglischargednto CemeniCreek,an AnimasRiver
tributarynearSilverton,Colorado. Theplumeflowed downthe AnimasRiver,andinto
New Mexico wherethe AnimasRiver joins theSanJuanRiver whichflows into the
NavajoNation andUtah.

The NewMexico EnvironmentDepartmen{NMED), the New Mexico Office of the
State Engineer (OSEjhe New Mexico Departmenbf Health(NMDOH), theNew
Mexico Departmenbf Agriculture (NMDA), the New Mexico Departmenbf Game and
Fish(NMDGF), theNew Mexico Departmenbf EmergencyManagemenandHomeland
Security,andSanJuan Countgoordinatecanemergencyesponséeo ensurghatpublic
healthandsafetywere protectedGovernorSusanaartinezdeclarecanemergency,
authorizingthe useof upto $750,000 iremergencyundsaspartof emergencyesponse
andfollow-up actions.

Response actionwovidedbenefitsfor impactedcommunities irlNew Mexicoby
immediatelyaddressednpactsfrom the GKM spill. The Statef New Mexico (State)s
coninuing GKM relatedsupporteffortsthroughthe Governorappointednulti-agency
Long-TermImpact Review Tean(LTIRT or Tean) to implementiong-termmonitoring
andcontrol ofcontaminatedwater andsediment, t&communicate rislandto mitigate
effectsof hazardouswaste migratingfrom the Superfundsite.
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The Governo@appointednulti-agencyL TIRT includesNew Mexico state agencies
responsible fothe EnvironmentHealth,Game& Fish, Agriculture,Homeland Security
andOffice of the State Engineeil his teamprovidesinter-disciplinaryexpertise and
technicalsupportin the AnimasandSanJuanRiver basin®on awatershedcale level.
The Teantrecruitedtop science anéngineeringexpertsfrom state universitieghe

N.M. Bureauof Geologyandfrom the U.S. Geologi@l Survey,alongwith expertsfrom
local governmentso serveon theGKM Long-TermMonitoring TechnicalConsortium
(GKM LTMTC), aworking sub-group oftheLTIRT ledby NMED. NMED also
coordinatesvith the GKM LTMTC andadjacenstatesaffectedby the GKM spill to
enhance dateollection(i.e., monitoring),to leverageanalysesandstrengthemesults.

The GKMLTMTC heldaseriesof conferencecalls, meetingsandextensive outreach
activitiesincluding public meetinggo collaborativelyidentify keyissuesanddevelopthe
Long TermMonitoring Plan(LTMP 2016)asthefirst steptowardsconsolidatingand
prioritizingtheS t a PhagilspostGKM blowoutefforts. The LTMP 2016was
preparedyy the executive agenciemn theLong-TermImpactTeam in collaboratia with
New Mexico State UniversitfNMSU), the New Mexico WaterResourcesResearch
Institute(WRRI) , New Mexico Tech,the New Mexico Bureauof GeologyandMineral
Resourceghe Universityof New Mexico (UNM), SanJuanCounty,the City of
Farmingtonand the SanJuan SoibndWater ConservatioBistrict. The draftLTMP
2016wasreleasedfor public commentduring October20throughNovember20, 2015,
andfinalizedon April 4, 2016.TheLTMP 2016 is adynamicdocumenfocusingon
waterquality, sedimentagiculture,humanhealthandwildlife, andis subjectto data
driven modificationsasobservationgindtestresultshecomeavailable. The NMED
coordinatedvith the GKM LTMTC to completeupdates to theelementsaspresentedn
thisLTMP 2017.

Activities relatedto theLTMP accomplishealuring2016 aredescribedelow. Funding
hasbeenawardedhatsupports, irpart,five elementgrom theLTMP 2016: Element#6
Water Table MappingElement #7/GroundwateQuality Monitoring; Element#10.1
Aquatic ancRiparianHabitatAssessmen&lement#12.2InformationalConferenceand
Element#13 CommunityOutreachandInvolvement.

2016LTMP Accomplishments
Long-Term Monitoring
1. NMED signedaJointFundingAgreementith theU.S. GeologicalSurveyto
install four sondesn the AnimasandSanJuanRiversto providecontinuous

waterquality measurementsRealtime data fromthe sondesareavailablefrom
the USGSwebsite fittps://waterwatch.usgs.giv/

2. TheCity of Farmingtoninstalledandmaintainstwo sondesn the AnimasRiver
atthelocationof eachof their drinkingwatersupplyintakes.
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3. The NMBureauof Geology,pursuanto aMemorandunof Agreemeniwith
NMED, conductedhreeseasonasurveysof groundwater elevatiorend
groundwatechemistry. Localizedareasvheretheriver waterappearso be
seepingnto groundwateratleaston aseasonabasis,were discovereth some
areamorth ofAztec. Theseareaswill betargetedor more intensive sampling.
To date,however testing ofprivate domestigvaterwells hasnot detectedany
contaminatiorattributableto theGKM spill.

4. NMED spearheadedfforts todevelopa SpringRunoff PreparednesBlanthat
was signedby three states three tribesand numerous countand municipal
agenciesNMED alsoconductpreparednessaining that wasattendedoy first
responderérom New Mexico, theNavajoNation andColorado.

5. UNM conductednineralogicatestingof solids thatverereleasedluringthe
GKM spill andpublisheda paperof testresultsin the Journal ofEnvironmental
Science andechnology. The minerajarosite,which formedinsidethe GKM
andwasreleasedluringthespill, playsa significantrole in transportingand
releasincheavymetalsin theriver system(RodriguezFreire,etal, 2016c).

6. NMDOH conductedbiomonitoring samplingin SanJuan County involving
testingthewell water andurine of countyresidentdor heavy metals.

7. NMED purchasea@ portableX-rayfluorescence spectrometer (XRF) and
conductedaninitial surveyof heavymetals in sedimeraglongCementCreek,and
the AnimasandSanJuanRivers.

8. NMSU begartestingcrop tissudor heavymetals. Preliminarytestresults do not
showhigh concentrationsf metals.

9. NMDGF completedwo surveysof ediblefish tissue showirg thatheavy
metalsare withinguidelinesfor humanconsumption.

10.TheCity of Aztec discovered layerof leadcontaminateclluvial aquifer
sedimenthatappeargo reflectriver seepag@to groundwater. Additional
investigationis plannedandwill include more intensive testimj waterwells
andcropsin thisarea.SeealsoFigure6 onpagel2.

Public Involvementand Other Activities
11.NMED appointeca Citizens Advisory Committee (CAC}o providecommunity

oversightandinput onmonitoringandotheractivities. The CACestablishedts
leadershipoperatingrules,andconductednonthlymeetingsduring2016.
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12.NMED developedin ExposureandRisk Dashboardo communicate
contaminatiorconditions potentialcontaminanexposurgathwaysand
associatedisksto thepublic.
https://www.env.nm.gov/wggontent/uploads/2016/01/Anim&anJuanRisk-

Dashboard.pdf

13.WRRI, with assistancéom theentire team,planredandconducteda two-day
conferencenwaterquality conditionsin the AnimasandSanJuanRivers. The
conferencavaswell attendedvith numerougechnicalpapersandpresentations.

ImplementingNewMe x i tomgdTerm Monitoring Plan for GKM Spill Activities
ConceptualModel

The geologypredepositsandARD in thewatershedurroundingSilverton,Colorado
areaarediscussedn greatdetailby the paperscontainedn Churchetal. (2007). The
discussiorprovidedin this paragraphdrawsheavilyfrom thework of thoseauthors,
particularlyStantonetal. (2007),Vincentetal. (2007),andvon Gerardetal. (2007). The
mountainssurroundinghe Silverton,Coloradoarea include twaolcaniccalderaghat
wereintrudedby hydrothermafluids thatcreatedsulfur-rich, basemetalorebodies
enrichedn copper lead,silver, molybdenumandzinc. Pyriteandothersulfide minerals
in thisregionhaveundergonevariousdegree®f bio-geochemicabxidationby natural
geologicprocesses, resulting thereleag of sulfuricacid andmetals (ARD)into
groundwateandsurfacewater. Overthe past9,000years,iron, aluminum, manganese,
andothermetalsconcentrateth ARD have precipitatedndcementediear surface
sedimentgormingferricrete. CemeniCreek(Figure 1) wasnamedafterthe widespread
naturallyoccurringdeposits oferricretein thiswatershed.Thesegeologic depositof
ferricretedemonstratéghat ARD hasbeenoccurringin this mineralizedarea long before
mining beganin thelate 19thcentury.

The biageochemistrandmineralogyof the GKM is adynamic systenthat issensitive
to physicochemicathangeghattook placeduringandafter mining. Reactivesolid
phasegprecipitate fronthe oxidationanddissolutionof sulfide mineralsincluding pyrite
andchalcopyrite athe GKM. Thesephases commoniyclude ferric(oxy)hydroxide,
gypsum jarosite,andschwertzmannitayhich reactwith minewaterproducinganacidic
metatsulfaterich solution. Acid rock drainagehashigh concentrationsf dissolvedand
total calcium,magnesiumsodium,sulfate,iron, aluminum,manganesegndother metals
thatinfluence surfacevaterqualityin theregion. The minerajarosite(Figure 2),which
formedinsidethe GKM andwasreleasedluringthespill, playsa sigrificant rolein
transportingandreleasindgheavymetalsin theriver system(RodriguezFreire,2016c).
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Figure 1. Ferricrete deposit in Cement Creek, CBrom U.S. Geological Surveshoto gallery
Excavation of mine tunnels drained groundwater from the mountain and allowed air to
enter the ore zone, providing greater opportunity for the oxidation of sulfide minerals and
production acidic mine water. There is no dahlat mining activity increased the

amount of ARD entering th&nimas watershed.

In thelate 1990sandearly2000s aftermining operationhadceasedbulkheadsvere
installedin the AmericanTunnel(Figure3) andin other excavations lower levelsof
themineworkingsto control ARD seepageAfter thebulkheadsvereinstalled, thevater
tablein themountainrose andloodedmineworkings,suchasGKM level 7, locatedat
higherelevationsandcreatedARD seepghatdid not existprior to installaton of the
bulkheadgSorensorandBrown, 2015).
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Jarosite crystals

Clay-rich material

.

Figure 2. Jarosite grains contaig aluminum, lead, zinc, and other metals that can be
released as jarosite becomes unstable at higher pH.
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Figure 3. Geologic Cross Section Through the GoltgKMine and American Tunnel.
(From Burbank and Leudke, 1969, Plate 6)
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Metalsandotherchemicalsconcentrateth AnimasRiver wateraretransportedn both
thedissolvedandsuspendeg@hasesvith the majority of the contaminantnassoccurring
in thesuspendedraction. Adsorption,precipitation,andco-precipitationarethe
dominantprocessesontrollingthe chemistryandmineralogyof the suspendedraction.
Theability of the AnimasRiverto transporiargevolumesof suspendedediment is
relatedto the steepnessf thegradientwhich directlycontrolsflow velocity that
decreasesouth ofSilverton. The riverbedarea downstreamf wherethe gradient
decreasess characterizetby low-energyflow environmentsvheremine-wastesediment
andassociatetheavymetals mayhavedepositecandaccumulatedor decades.
Accumulationof contaminategedimentsnost likelypresentsignificantlongterm
potentialsourceof heavymetalmigrationinto NewMexico, especiallguringstorm
eventsandsnowmeltwhere resuspensiof sedimenbccurs. Postspill monitoring
conductedy the City of Farmingtorhasestablished relationshipbetweerturbidity and
total leadduringhigh flow in the AnimasRiver (Figure4).
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Figure 4. Turbidity andTotal Lead,City of Famington,AnimasPumpStation#2,
During High Flow.

Somehomeownersvho arenot servedoy a public water systemespeciallythosethatdo
not haveindoorplumbingor a privatedomestiovell, haulwaterfrom the Animasor San
JuanRiversor from irrigation canalsfor domesticsupply. This water likelyundergoes
minimal treatmentthe NMED haspreviouslyissuedadvisoriedor athomechlorination
of waterto disinfect. Without appropriatdreatmentusersof hauledsurfacewatermay
beexposed talissolvedandsuspendedetalsin their drinkingwater.
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A reviewof historicalmonitoringdatafor public water systemthatdivertwaterfrom the
AnimasRiver providesno evidencehat PrimaryDrinking WaterStandard$or metals
haveeverbeenexceededn thedrinking water deliveredo consumergN.M. Department
of PublicHealth,1967;GarciaandOlaecheal974;GarciaandPierce, 1980). All of
thesepublic watersupplysystemaitilize a sedimentatiofasinor reservoiraswell asa
treatmensystemto further cecrease suspendsdlidsconcentrations Sedimentatiorand
treatmenprovide significanprotectionfor the subjectdrinking wateragainstany
suspendeghaseheavymetalsthatmaymigratefrom theSilvertonmining area.

A conceptualllustrationof the AnimasRiver hydrologic systerns shownin Figure5.
The AnimasRiver valley alluvial aquiferin Coloradoreceiveshaseflow from
groundwatefVon Gerardetal., 2007). Seasonasurveysof groundwateelevationsand
groundwatechemistrysincethe GKM spill indicatethatthe AnimasRiver alsois
primarily a gainingstreamfrom the ColoradeNew Mexico stateline downto
FarmingtonNM wherethe AnimasRiverjoins theSanJuanRiver (Timmonsetal.,
2016). Flow of circumneutrapH groundwateinto theriver providesa sourceof dilution
of Long-TermARD, andof historicalmining wastespills thathave occurreth thepast.

While the AnimasRiver is predominantlya gainingstreamyiver water divertednto
irrigation ditcheshasthe potentialto rechargahealluvial aquiferin irrigatedcroplands
andalongthelengthof theditches. Additionally, localizedareaswvhereriver water
appearso beseepingnto groundwateratleaston a seasonabasis,werediscoveredn
someareamearandnorth ofAztec (Timmonsetal., 2016). A layerof lead
contaminatedalluvial aquifer sedimenthatappeargo reflectriver seepagto
groundwater wagdiscoveredalongthe eastbankof theriver nearAztec(Figure6).
Additional investigationof the origin, compositionandextent of this mineralizedayer
is needed.

Areasin thevicinity of this mineralizedayer will betargetedor additionaltestingof
well waterandcrops. To date,however testingof private domestic watevells hasnot
detectedcanycontaminatiorattributale to theGKM spill (Flynnetal., 2016; Timmonset
al.,2016).

Alluvial groundwatetypically containsa substantiallyhigherconcentratiorof total
dissolvedsolids(TDS) comparedo AnimasRiver water. Potentialsources oélevated
groundwate DS mayinclude catiorexchangedissolution ofsolublesulfate minerals
presenin thealluvium, evaporatiorof groundwatein waterloggedsalley areagas
evidencedyfi wh a t k actumudlation, Figur@), upwellingof mineralized
groundwatefrom bedrock uni underlyingthe alluvium, anddischarge$rom onsite
wastewater systenespecialljthosethatreceivewaste fromsaltbasedvatersofteners.

Elevatedconcentrationsf dissolvedmanganesandiron occurin somealluvial aquifer
wells, andnitrate concemationsaretypically low (lessthan1 mg/L), indicatingreducing
conditionsin thoseareas.Possiblecause®f thesereducingconditionsincludeoxidation
of naturallyoccurringorganic matteand/orsulfide mineralsiepositedn thealluvium,
oxidationof thermogeni@andbiogenic naturafjasthatoccursin someareas othe
alluvial aquifer (Chafin,1994),andoxidation ofreactiveorganicmatter dischargely
onsitewastewater systems.
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Figure 5. Conceptualllustration of the Animas River HydrologiSystem. Many of the
potential pathways for contaminant migration discussed irLtng-TermMonitoring Plan
are identified on tis image. (Timmons et al 2016).
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Figure 6. LeadContaminated Mineral Layer Along the Water Table of the Alluvial
Aquifer Near Aztec (March 2016).
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Figure 7. i Wh iat & iaa FlaraoVista NM (August2015).

Microbes, algae, and plants that reside in or around rivers and streams obtain essential
nutrients from the water and sediments for growtfiater and sediments that are
contaminated with heavy metals (e.g., lead and arsenic) are also taken up by these
organisms. Aquatic insects consume contaminated plants and microbes for food and
accumulate (fasoluble) metals in their tissues becausy ttannot be excreted. Thus,
metals bioaccumulate exponentially at each step of the food chain; for example, when
fish consume contaminat@gjuatic inses, concentrations of heavy metals can increase by
several orders of magnitude in their tissues iragdab microbes, plants, and aquatic insects.
Likewise, when aquatic insect larvae hatch and move into riparian areas they are consumed
by terrestrial predators like spiders and tiger beetles and thereby become available to
terrestrial consumers like bedhat also can exhibit exponential increases in metal
concentrations.

The uptakef contaminantsnto thefood webwasdocumentedhn adetailedstudyof the
migrationandfate of radioactive contaminantischargednto theAnimasRiver from
theformeruranium millin Durango(Tsivoglouetal., 1960). Elevatedevels ofgross
alpha,grossbeta,andradiumwere detecteth algaeandin aquaticdnsectsdownstream
from themill.
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