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1. Introduction

The Gold King Mine (GKM) spill and release toCement Creek, a tributary to the Animas River in
Colorado, began on August 5, 2015 as a result of efforts to install a pipeline to treat mine waste. An
estimated 3 million gallons of contaminated water was released, some of whichtraveled downstream to
the San Juan River and ultimately into Lake Powell in southeastern Utah. The Utah Department of
Environmental Quality (UDEQ) deployed monitoring crews and began sampling efforts on the San Juan
River at four locations on August 8, 2015, in an effort to detect the plume of mine waste as it entered
Utah. This was later expanded to five samplng locations. Monitoring, cleanup , and remediation activities
to-date have been undertaken by state and federal agencies.

It is expectedthat many of the dissolved metals released from the &XM and other mines in the Bonita
Peak Mining District are rapidly transformed to colloidal forms and become adsorbed or otherwise
deposited in the stream channel. The U.S. Environmental Protection Agency (EPA) estimates that 80% of
the metals released during the GKM incident remain in Animas River sediments and will eventually be
transported downstream (EPA 2016a). Monitoring and reporting to stakeholders and the public about the
effects of metals transport on river uses during the 2016 spring runoff event will require timely and
frequent collection and analysis of water quality samples. In addition, UDEQ is interested in
understanding the potential long-term impacts of accumulati on of material deposited in the sediments of
the San Juan River and Lake Powell

Herein, UDEQ summarizes the findings from historical and incident response water quality sampling
(Section 2). These findings provide the rationale for 13taskst h at ma k e longpternurnoaitoring
plan for the San Juan River and Lake Powell(Section 3). This plan is adaptive, and changes tospecific
taskswill depend onfurther findings. The activities described in this plan are contingent on funding.
UDEQ has not yet secured sufficient funds to conduct all of the activities identified in the plan. If
sufficient funds can not be secured, the scope of this plan will need to be modified.

UTAH DEPARTMENT OF ENVIRONMENTAL QUALITY



2. Analyses and Background

Available H

istoric

al Water

Quality Data

UDEQ hasbeen sampling sites in the target reaches of the San JuarRiver and its major Utah tributaries
since 1978 (Table 1, Appendix A; Figure 1). Of these,the most recent and data-rich sites on the San Juan
River are the San Juan River at Mexican Hat and the San Juan River above Lake PowellBecausesome
sites have not been sampled in 15 yearsl DEQ augmented the historical data with samples collected by
other agencies.The U.S. Geological Survey USGS also collects water quality samples (Appendix B);
however, UDEQ was only able tolocate one site (San Juan Rivernear Bluff) with an appreciable number
of metals results. Cooperative monitoring with the Bureau of Reclamation on Lake Powellwas also

compiled. For a complete summary of available parameters and summary statistics ofUDEQ® s ,dezt a
Appendix A.
Table 1. UDEQ Sampling Locations at Selected San Juan River and Tributary Sites
. . Min. Max. No. of

MLID UDEQ Location Abbreviated Latitude Longitude Sample Sample Metals

Name Name
Date Date Samples

SAN JUAN R AT SJR at Four

4954000 US160 XING IN CO Corners 37.002775 -109.031765  3/6/1978 8/10/1988 29
SAN JUAN R AT SJR at Bluff

4953250 SAND ISLAND 37.260279 -109.613734  3/6/1978 8/10/1988 26
SAN JUAN R AT N/A

4953400 SWINGING 37.280001 -109.492896  8/8/1978 2/19/1981 21
FOOTBRIDGE
SAN JUAN R BL N/A
CONFLUENCE W/

4953800 W EK ALLEN 37.253332 -109.267054  3/6/1978 2/19/1981 26
CANYON
SAN JUAN RIVER N/A

4953900 AB ANETH 37.213334 -109.186505  9/15/1988  6/23/1998 27
SAN JUAN R AT N/A

4953950 MARBLE WASH 37.145294 -109.114296  8/8/1978 4/10/1979 6
MC ELMO CK AT McEImo Creek

4953880 HIWAY U262 XING 37.218048 -109.190111  7/2/1985 6/23/1998 48
MONTEZUMA CK Montezuma

4953560 AT U163 XING Creek 37.272086 -109.327694  2/22/1989  4/30/2008 5
SAN JUAN R AB SJR above Lake

4952940 LAKE POWELL Powell 37.294158 -110.406798  6/7/1997 8/2/2014 50
SAN JUAN R AT SJR at Mexican

4953000 MEXICAN HAT Hat 37.146948 -109.853672  3/6/1978 7/15/2009 74
US163 XING
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Record MLID Description Agency Latitude Longitude
A 4954000 SAN JUAN R AT US160 XING IN CO bowa 37.002775 -109.031765
2 4953250 SAN JUAN R AT SAND ISLAND DwQ 37.260279 -109.613734
3 4953400 SAN JUAN R AT SWINGING FOOTBRIDGE bpwa 37.280001 -109.492896
4 4953800 SAN JUAN R BL CONFLUENCE W/ W FK ALLEN CANYON bDwa 37.253332 -109.267054
5 4953900 SAN JUAN RIVER AB ANETH bpwa 37.213334 -109.186505
6 4953950 SAN JUAN R AT MARBLE WASH Dwa 37.145294 -109.114296
7 4953880 MC ELMO CK AT HIWAY U262 XING owa 37.218048 -109.190111
8 4953560 MONTEZUMA CK AT U163 XING owa 37.272086 -109.327694
9 4952940 SAN JUAN R AB LAKE POWELL Dwa 37.254158 -110.406798
10 4953000 SAN JUAN R AT MEXICAN HAT US163 XING bpwa 37.146948 -109.853672
11 5952550 LAKE POWELL OFF CHA CANYON IN SAN JUAN ARM bDwa 37.168325 -110.817920
12 5952560 LAKE POWELL 1 MI N OF OAK CANYON NR RAINBOW BRIDGE bpwa 37.139719 -110.954038
13 5952430 LAKE POWELL 1 MI S WAHWEAP MARINA Dwa 36.954985 -111.483765
14 9371010 SAN JUAN RIVER AT FOUR CORNERS, CO USGS 37.001139 -109.029583
15| 371429110382000 [SAN JUAN RIVER INFLOW @ LAKE POWELL USGS 37.241389 -109.638889
16| 371248110395301 |LP 1 SAN JUAN ARM 39 KM UPSTREAM FROM MAIN CHAN USGS 37.213433 -109.664647
17 9372000 MCELMO CREEK NEAR COLORADO-UTAH STATE LINE USGS 37.324160 -109.015666
18 9379200 CHINLE CREEK NEAR MEXICAN WATER, AZ USGS 36.943891 -109.710668
19| 371933109025701 |MCELMO CREEK BLW YELLOW JACKET CANYON USGS 37.325827 -109.049833
20 9379500 SAN JUAN RIVER NEAR BLUFF, UT USGS 37.146946 -109.864844
21| 371044110540000 |[(SAN JUAN RIVER AT MOUTH-EAST BANK) USGS 37.178850 -109.900679
0 10 20 40 60 80
N I \lileS USGS_DWQ_San_Juan_monitoring_plan.mxd

Figure 1. Map of historic and current UDEQ and USGS sampling locations in the San Juan River and Lake Powell.
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Assessment and Screening of Water Quality Data

UDEQ intensively collected water samplesduring the first 3 weeks of August 2015 after the GKM release
at five different locations on the San Juan River. When water data indicated that the initial pulse of
contamination had passed,UDEQ instituted a lessintensive monitoring scheme in Septemberthrough
October. In October, UDEQ6s contractor deployed sampling equi pment
storm events. These samplesindicated that total metal concentrationsin the river were elevated during
the monsoonal storms in late fall 2015. However, none of the dataexceeced health screening valuesfor
recreational exposures, asdeveloped by the Utah Department of Health (UDOH) (Table 2). Because ofthe
episodic nature of storms and the limitations of the field equipment used to sample these events only
total metals data were available for these storm events which precluded an evaluation of water quality
benchmarks that are based on dissolvedmetals (seeTable 2). UDEQ also collected a full suite of metals,
water column, and macroinvertebrate samples on September 22 and October 26 2015.

Table 2 summarizes applicable water quality standards for the San Juan River (Utah Administrative Code
[UAC] R317%2-14) , Ut aho6s dr i nki OAL R308-208-6), as wedl as dcaeenihg val(es for
recreational and agricultural uses. Recreational screening values were developed by theaJ DOH 6 s
Environmental Epidem iology Program. Agricultural screening values are derived from National Academy
of Science (NAS)Water Quality Criteria, 1972 (NAS 1972. Those guidelines are reprinted in E P A 2084
Guidelines Water Reuse(EPA 2004). Dissolved metal values were used for the assessment of agricultural
use waters. Estimated values below the laboratory's reporting limit are evaluated in this analysis. These
results generally show low-level concentrations and do not significantly affect the analysis outcome.

UTAH DEPARTMENT OF ENVIRONMENTAL QUALITY 4
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Table 2. Summary of Water Quality Benchmarks used to Screen Water Quality Data for the San Juan River

Utah Water Quality Standards Utah Primary Drinking Water

Agricultural Screening Values

(Numeric Criteria) (UAC R317-2-14) for San Juan River Uses [dissolved Standards . . [dissolved metals]
Analyte CAS No. Units* metals] (UA(? R309-200-5) [total metals] Recreational Screening
Maximum Values [total metals] ) o o
1C (domestic) 33 (warm water 3Bl(vvarm water 4 (agriculture) Contaminant Action Level Livestock Water Long-Term Irrlgaglon Short-Term Irrlgaglon
fish) [1-hour] fish) [4-day] Level (ug/L) Waters (ug/L) Waters (ug/L)
Hardness ) mg/L 180
Aluminum 7429-90-5 pg/L 750 87 620,767 5,000 5,000 20,000
Antimony 7440-36-0 Mg/l 6 248
Arsenic 7440-38-2 ug/L 10 340 150 100 10 186 200 100 2,000
Barium 7440-39-3 Mg/l 1,000 2,000 124,159
Beryllium 7440-41-7 ug/L <4 4 1,242
Cadmium 7440-43-9 ug/L 10 2 0.25 10 5 62 50 10 50
Calcium 7440-70-2 ug/L 500,000
Chromium 7440-47-3 ug/L 50 16 (VI1); 570 (1) 11 (VI); 74 (1) 100 100 410 1,000 100 1,000
Cobalt 7440-48-4 ug/L 7,931 1,000 50 5,000
Copper 7440-50-8 pg/L 13 9 200 1,300 6,208 500 200 5,000
Iron 7439-89-6 ug/L 1,000 1,000 851,582 5,000 20,000
Lead 7439-92-1 ug/L 15 65 2.5 100 15 910 100 5,000 10,000
Magnesium 7439-95-4 ug/L 250,000
Manganese 7439-96-5 ug/L 31,040 200 10,000
Mercury 7439-97-6 ug/L 2 0.012 2 1,242 10
Molybdenum 7439-98-7 pg/L 3,104 10 50
Nickel 7440-02-0 pg/L 468 52 17,480 200 2,000
Potassium 7440-22-4 ug/L
Selenium 7782-49-2 pg/L 50 18.4 4.6 50 50 3,104 50 20 20
Silver 7440-22-4 ug/L 50 1.6 3,630
Sodium 7440-23-5 pg/L 1,000,000
Thallium 7440-28-0 ug/L 2 25
Vanadium 7440-62-2 Hg/L 6,208 100 100 1,000
Zinc 7440-66-6 ug/L 120 120 217,786 25,000 2,000 10,000
TDS mg/L 1,200 500,000i 1,000,000
pH 6.519.0 6.519.0

‘mg/L = milligrams per liter; ug/L = micrograms per liter; CAS = Chemical Abstract Service.
*Data from NAS (1972).
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Comparisont o U tWatkr®&msality Standards for Class 1C Domestic Source Water
Concentrations of dissolvedmet al s wer e compared to Utahodés water
(protected for domestic purposes with prior treatment in UAC R3172-14) as required by the Utah

Division of Drinking Water. Of the 100 samples evaluated forthe metals listed in Table 2, the only
exceedancethat was observed was for leadin a samplecollected at the SJR at Four Cornerssite on August
28, 2015 (Appendix C).

Comparison of Data from Drinking Water Systems with Drinking Water Standards
None of the public water systems regulated by the State of Utah have surface water intake directly from

the SanJuanRiverrThe consumer 6s exposur e t ostheolgh publit dricking evel s

water supply is expected to be minimal. Nonetheless, theUtah Division of Drinking Water reviewed

recent total metals data collected in two community water systems located nearthe San Juan River
(Mexican Hat Special Services Distict and Bluff Water Works Service District ). The data of the finished
water delivered to consumers were examined for exceedances of drinking water maximum contaminant
levels or action levels (UAC R309-200-5). The data do not indicate that the drinking wat er quality in these
water systems has been affected by the GKM spil!l
distribution system are above the action level. Most often, plumbing piping (not the source water) is the
cause of copper contamhation. | t i s suspected that Mexican Hat ds
system may be a result of the slightly corrosive nature of the treated water from its water treatment plant.
The past samples taken at the well sources did not show elevateadopper levels. It is unlikely the elevated
copper levels are caused by the well sourcesr the GKM release.

Screening of Total Metals Data with Recreational Exposure Water Screening Values

The Environmental Epidemiology Program has generated sitespecific recreational screening values for
metal exposures to the San Juan River waterg(seeTable 2). These values reflect the water contaminant
concentrations that would exceed established ATSDR minimal risk levels, or EPA reference doses if an
appropriate minimal risk level does not exist, for the most susceptible population: children under the age
of 5 years.

These recreational screening values assume an exposure duration of 60 days, witl2 hours per day spent
in the water. The accidental ingestion rate accounts for 50 milliliters ( mL) of river water per hour, and
total body contact with the water for that 2-hour period. An exceedance of these values does not
necessarily indicate that adverse health dfects will occur; rather, it is used as guidance for health
professionals to further determine the likelihood that adverse health effects may occur due to the
exposure.

No metals exceeded a recreational screening value. Recreational exposures to San JuaRiver water and
sedimentaren ot expect ed thealthh See Appendx® fot egpdsaire calculation assumptions.

Comparison with Water Quality Criteria for Class 3B Aquatic Life Use
The water concentrations of metals were compared
for the Class 3B aquatic life use.ln the UAC R317-2-14, the chronic standard refers to the 4-day average

concentration, and the acute standard refers to the 1-hour averageconcentration. A | | of Utahos

criteria are based on dissolved fractions, with the exception of aluminum , which is based onthe total
recoverable fraction. The acutealuminum standard was exceeded at alsampling locations and on all
dates. The highest total aluminum concentrations exceeded 100,000 micrograms per liter ( ug/L) at the
SJR at Four Cornerssite on August 27 and 28, October 2, and October 19, 20, 21, and 23; at th&JR at
Montezuma site on August 28 and October 23, at the SJR at Bluff on August 28 and October 24; at the
SJRat Mexican Hat site on August 11, August 28 and October 24; and at the SJR above Lake Powelkite
on August 15 and October 27 Some of these exceedances appear to correlateith an increase in discharge
on August 26 through 27, 2015, related to precipitation .

UTAH DEPARTMENT OF ENVIRONMENTAL QUALITY
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The chronic aquatic life standards for iron and mercury were exceeded at theSJR at Four Cornerssite on
August 11 and August 28. The cadmium and copper chronic standards were also exceededhcAugust 28.
Mercury concentrations exceeded the chronic standard at McEImo Creekon September 23, the only day a
sample was collected from this location. The analytical method used for mercury has relatively low
sensitivity , and the detection limit is hig her than the standard. Therefore, all detected concentrations are
above the standard, and non-detect concentrations are too high to determine if the water concentrations
comply with the standard . This remains a significant uncertainty. Zinc concentrations exceeded the acute
and chronic standards on August 28 at Montezuma. No other exceedances of the zinc standards were
observed (seeAppendix C).

Comparison with Screening Values for Agricultural Uses

Concentrations of dissolved metals were compared to screening values, includingut ahdés water qual i
standards for the Class 4use (protected for agricultural uses including irrigation of crops and stock
watering). Thesecomparisons show exceedances of the screening values for dis$eed aluminum, iron,
and manganese on August 28, 2015and only at the sampling location upstream of the Utah state line.
Results from the Utah sites are below the screening values for metals The Utah agricultural water quality
standard for total dissolved solids was exceeded orl day atthe SJR atMexican Hat site and 2 days at the
SJR above Lake Powelkite. Total dissolved solids are concluded to be unrelated to the release olGKM
wastes because the concentrations are lower at thesampling location upstream of the Utah state line. The
Utah Department of Agriculture and Food (UDAF) has analyzed the data and comparedthem to current
toxicology knowledge and scientific data concerning animal and plant life safety. UDAF found no long-
term exposure potential risks from the use of water for livestock or crop irrigation.

Evaluation of EPA Water Quality Data for Dissolved Metals

UDEQ evaluated EPA datacollected in August, September, and October 2015 with review from the

UDOH, UDAF, and the Utah Department of Natural Resources (Division of Wildlife Resources). The EPA

data were not validated by UDEQ, and with the exception of removing what appeared to be duplicate

entries, the datawereus ed as presented. The data were coafiggrar ed agze
domestic source water, aquatic life, and agriculture. The data were also compared to screening values for

irrigation and livestock.

The EPA data for total metals appear to be similar to the UDEQ results, posted separately, in August and

September2015. EPA analyzed more samples for dissolved metals in September and early October 2015

than UDEQ); therefore, it is difficult to compare that portion of the EPA data to UDEQ data. UDEQ split

water quality samples with EPA on October 26, 2015 however, EPA has not yet released data from this

date. Once EPA releases data from late October, a more robust comparison of the two datasets will be
conducted. The EPA data indicate high concentrations of
water quality crit eria for all uses in fall 2015 (Appendix E). Most, but not all, of these exceedances appear

to be coincident with storms in the upper watershed (Colorado and New Mexico). UDEQ is exploring the

relationship of water quality exceedances with storm activity and river turbidity. This will be an integral

component of U D E Qléng-term monitoring plan. Table 1 in Appendix E summarizes the number of days

that EPA data exceed Utahodés water quality criteria and
the data values by metal and date that exceed Utahds w:
(Table 2 in Appendix E), aquatic life (Tables 3 and 4in Appendix E), agricultural uses (Table 5in

Appendix E), and agricultural screening values (Tables 6 and 7in Appendix E).

The dissolved metals and metalloidsconcentratonswe r e compar ed t o Ut aiaférs water ¢
Class 1C use. The EPA data indicate exceedances on three separate occasigmshe San Juan River at the

SJR at Four Corners McEImo Creek, and SJR atMexican Hat sites. Exceedances were measured for

arsenic, barium, beryllium, chromium, and lead on September 24 and 28, 2015.These exceedances

UTAH DEPARTMENT OF ENVIRONMENTAL QUALITY 7



appear to correlate with an increase inriver flow on September 24 and 25, 2015 related to precipitation,
although by September 28, the river had returned to pre -storm flows. The EPA dataset also indicates one
exceedance of the domestic source water criteria for lead on August 11, 201%t McEImo Creek A similar
exceedance was not recorded inrUD E Q 6 s , atthauglathere was one exceedance of the lead criteria in
UDEQS6s data on August 2i8waterksysters regiNabed ey the $tatet ohldah pbae b |
surface water intake directly from the San Juan River.

The dissolved metals and metalloids concentrations were also compared to agricultural screening values,

including Utaho6s waGQlears squdalaigtryi ccurlittuerraila ufsoer. Water conc

agricultural water quality criteria for chromium, copper, and lead at the SJR at Four Cornerssite on
September 24, 2015.Aluminum, lead, and vanadium s creening values for stock watering useswere
exceeded on9 days atthe SJR at Four Corners SJR atMontezuma Creek, SJR atMcEImo Creek, SIR at
Bluff, and SJR atMexican Hat sites. The short-term screening values for irrigation use were exceeded on
2 days at the SJR at Four Cornersand SJR atMexican Hat sites. UDAF has analyzed the data and
compared them to current toxicology knowledge and scientific data concerning animal and plant life
safety. UDAF found no long-term exposure potential risks from use of the water for livestock or crop
irriga tion.

Crop irrigation with waters that may contain elevations of specific metallic elements (e.g.,iron and
sulfates) could lead to accumulation in the soils over time and therefore potentially be taken up by plants
to then be ingested by livestock. Although these concentrations may be lower than the toxic criteria levels,
they could have an accumulating effect to be considered in longterm use, especially when elevated water
levels of these same elements may also be in the diet of consuming livestock drinkng from this same
water source. It may take multiple growing seasons to evaluate and determine the effects of these
accumulated elements in the agricultural lands and crops harvested from them.

The dissolved metals and metalloids concentrations were alsoc o mpar ed t o Ut ahdés water
for the Class 3B warm water aquatic life use. EPA did not report hardness therefore, hardness was

calculated based on calcium and magnesium concentrationsfor the hardness-dependent criteria.

Exceedancesof the acute aquatic life criteria for aluminum, copper, iron, and zinc were measured at the

SJR at Four Corners SJR atMontezuma Creek, SIJR atMcEIlmo Creek, SJR atBluff, and SJR atMexican

Hat sites. Exceedances othe chronic criteria for aluminum, cadmium, chromium, copper, iron, lead,

mercury, nickel, selenium, and zinc were measured at the same locations.

Water Quality Trends

UDEQ tracked and analyzed temporal variation in total and dissolved metal concentrations in the San
Juan River from August 8, 2015, to October 27, 2015 using data collected by both UDEQ and EPA This
analysis focused on samples collected at five sites on the San Juan River: §JR at Mexican Hat, Utah
(EPA site SIMH) ; 2) SJR at Bluff (EPA site SIBB); 3) SJR at Montezuma (EPA ste SIMC); 4) SJR at Four
Corners (EPA site SJ4C), and 5) SJR at Shiprock, New Mexico (EPA site SJSR). Total and dissolved

qu

concentrations of all metals were plotted through time at these five sites. UDEQ6 s anal yses focused

metals of concern known to be associated with the GKM release: cadmium, copper, lead, mercury, nickel,
and zinc. These concentrations were compared to applicable water quality standards and to historical data
collected by UDEQ and USGS where available. However, historical observatons were collected
opportunistically and may or may not a dequately reflect background variability in metal concentrations.
Additional time series plots for all metals are available in Appendix F.

Initial analyses by UDEQ estimated plume arrival at the Utah border in the evening of Sunday, August 9.
UDEQ water quality data support this estimate based on peak metal concentrations. However, a more
recent simulation by EPA (EPA 2016b, Draft Analysis of Fate and Transport of Metals in the Animas and
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San Juan Rivers) estimates plume arrival in Utah as early as August 7, with the highest concentrations
estimated to have ocairred on August 8 and 9.

Immediately following the release, UDEQ identified several dissolved metals that appeared to show the
arrival and passing of the plume. However, the addition of data from EPA, the lengthening of the time

scale through October, andthe detection limits for some dissolved metals somewhat obscure theseinitial
observations. Severalof the samemetals show generally elevated dissolved concentrations immediately

following the GKM release and subs

release andthe range of historical ob

equent spikes in concentrationsin September and October (Figure 2).
In many cases, the September and October spikes exceeded both concentrations observed following the

servations. Note that the data showing spikes in dissolved metals

concentration were collected by EPA. UDEQ did not collect dissolved metals data in September or
October, and therefore these data could not be independently verified. EPA also estimates that 100% of
the dissolved metals associated with the GKM release were adsorbed to collalal materials before the

pl umeds arrival

i. Nondtheless, S@EQob3eanvadrelevRted\c@ncentrations of dissolved

metals during the week following the release. Some of the metal pollution may have either remained in
dissolved form or was transformed back to dissolved form when it arrived in Utah. Additional analysis is

needed to

understand

the disparity between

peaks in dissolved metals concentration observed in the San Juan Riverin Utah coincident with when the
plume was estimated to arrive in Utah.
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Figure 2. Dissolved lead and zinc concentrations from August 8 through October 27, 2015, in the San Juan River.

Available historical observations are box plott

ed on the right. Applicable water quality criteria are shown as dashed lines and

specified in the legend in the top left. Sites are identified in the legend at the top right. Graphs for additional metals are available in

Appendix F.
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Total metal concentrations during initial sa mpling (August 81 28) for several total metal concentrations,

including copper, lead, nickel, and zinc, also follow a pattern consistent with estimated plume arrival and

travel through Utah (Figure 3). Concentrations of total cadmium and mercury also partially follow this

pattern, but are less distinct. These patterns suggest thatUDEQ began sampling during the plume on

August 8 and that the initial plume largely passed through UDEQ®& sampling locations by about August

26. As with dissolved metal concentrations, observed total metal concentrations were largely within, but

occasionally exceededthe range of historic observations in the San Juan River. Following the presumed

receding limb of the plume, longer-term sampling (August 277 October 26) showed additional subsequent

elevated total metal concentrations. These samples showedincreasesin total metal concentrations beyond

ranges observed during the plume and beyond the range of historical observations with signifi cant spikes

in total concentrations of several metals including lead, nickel, and zinc on August 27 28 and September

21 23. Visually, these peaks appear to correspond with high discharge events at the Four Corners and

Bluff gauging stations (seeFigure 3). The peaks in total metal concentrations observed inUDEQ6 s dat a ar e
fairly consistent with EPAOGs esti mate ofUDRQ6wme adrar i v al
suggest the possibility of a longer tail in the passing of the plume and the potential for lingering impacts

and resuspension of previously deposited sediment and metal contaminants associated with the GKM

release and historic mining inputs to the San Juan River. A full analysis of the presence of abandoned

mine sites within the watershed and their potential contributions of metal contaminants to the San Juan

River would be necessary to confidently distinguish between the impacts of the August 5 GKM release and

historical releases from GKM or other abandoned mine sites.
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Figure 3. Total lead and zinc concentrations from August 8 through October 27, 2015, in the San Juan River (top two panels) and

the corresponding hydrograph from the San Juan at Four Corners gauging station (bottom panel).

Available historical observations are box plotted on the right. Sites are identified in the legend at the top right. Graphs for additional

metals and hydrographs from other sites are available in Appendix F.

Storm Influence on Water Quality

Analyses of water quality trends were further complicated by storm runoff events and subsequent

increases in discharge in the San Juan River. The high discharges associated with these storm events
likely increased the rate of transport of metal contaminants and diluted concentrations of total and
dissolved metals. Together, these factors would cause a reduction in metal corcentrations, particular ly the
dissolved component. However, runoff from these events may also have contributed additional loads of
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metal contamination to the San Juan River from othe r sources within the watershed, including the GKM.
The relative contribution of metal contamination from the GKM release versus other possible sources is
currently unknown. UDEQ analyzed the relationship between total and dissolved metal concentrations

thr ough the sampling period and daily stream discharge measurements collected at nearby USGS gauging
stations at Four Corners, Colorado; Shiprock, New Mexico; and Bluff, Utah. Total concentrations of most
metals were positively associated with daily discharge (Figure 4). These relationships could be further
developed to target sampling during storms and spring runoff and to assess the risk of metal
concentrations exceeding screening valuesDissolved concentrations of several metals also tended to be
positively related to discharge, but were much weaker than relationships observed with total
concentrations (Appendix G).
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Figure 4. Total lead and nickel concentrations and daily discharge from USGS gauging stations from August 8 through October 27,
2015.

Additional plots of total metal concentrations and daily discharge are available in Appendix G.

UDEQ also analyzed the relationship betweentotal and dissolved metal concentrations and turbidity , as
measured by total suspended solids (TSS)immediately fo llowing the GKM release (August 8i 28). With
the exceptions of mercury, silver, and thallium, all total metal concentrations were strongly and positively
related to TSS with r2 ranging from 0.5 to 0.97 (Appendix H; Figure 5). In particular, the six metals o f
primary concern (cadmium, copper, lead, mercury, nickel, and zinc) were all strongly associated with TSS,
suggesting TSS may be useful surrogate measure for total metal concentrations associated with the GKM
release If a similar relationship can be established between turbidity and metal concentrations, then
metals can be estimated in real time using a turbidity meter at USGS gaging stations.However, the
relationships between total metal concentrations and TSS or turbidity may break down through time as
sediments associated with the GKM release continue to flush through the San Juan. Relationships
between dissolved metal concentrations and TSS were mixedwith several showing weak positive
associations, a few weak negative associations, andeveral with no relationship (Appendix H). Finally,
TSS was stronglyand positively related to discharge following the GKM release (Figure 6).
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Figure 5. Total lead and nickel against TSS from August 8 through 28, 2015.
Additional total metal and TSS plots available as Appendix H.

Figure 6. TSS and corresponding daily discharge from USGS gauges on the San Juan River from August 8 through 28, 2015.

Assessment of San Juan River Sediment Data

UDEQ collected sediment samples from up to five sites on at least 4 different days between August and
October, 2015, on the San Juan River plus one sample collected at McEImoCreekon 1day. The sampling
sites were selected inthe field to be representative of depositional environments in the river. The first
round of sediment samples was collectedbefore the predicted arrival of the GKM spill to Utah. The second
sampling round was collected after the contaminated water had started crossing into Utah.

The colloidal portion of the contamination from the G KM was expected to travel slower and more
dispersed than the dissolved water contamination due to settling and re-entrainment in upstream sections
of the San Juan River system, hcluding in the Animas River, during transport downstream to Utah.
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