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<vEPA Analysis Questions

® Primary Questions T 1

— How much was released and what was its makeup?
— Where did the material in the release volume go?

— How was water quality affected?

— What was water user exposure to toxic metals?

— Did any of the material stay in the river system, sequester to r

the streambed?

— If so, will that material be released into the river and will it

have secondary impacts after the initial spill?

— Were groundwater drinking water or irrigation sources

potentially impacted?

— Have the rivers returned to pre-event metals levels?
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Outline =Session 3

Metals mass carried during GKM Plume
Deposition of metals mass in the streambed
Post-event metals in bed sediments
Post-event metals in surface water

Potential future entrainment of metals
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Methods

Empirical Analysis of Data

--Empirical plume model estimates metal
loads and fate of mass in the Animas
and San Juan River

--Statistical Analysis of field sampled
sediment data

--Post event water quality trends—
August to October

Summed colloidal/particulate metals
03

Total mass transported
Animas below Silverton (RK 16.4)

o

,,,,,,,,,,,

-

Sample

Empirical

Streamflow

r 85
r 83
r 8.1
r79
r7.7

Streamflow (m3/s)

WASP Modeling

The “Gold King Mine WASP Model” was used
to investigate long-term effects of the GKM
release

e Metal concentrations in the
sediments due solely to the GKM
release

e How simulated metal concentrations
in the sediments compare to
background

e Simulated metal concentrations a
year following the release to in
sediments and the water column,
including high, middle, and low flow

8/59:00 4

g5 12:00
O

85 15:00

85 18:00

85 21:00

8/6 3:00

8/6 6:00 — — T
»
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ORD Project Team

ORD/NERL Subject Experts Working on the Project
John Washington, Geochemistry

Chris Knightes, WASP, water quality

Mike Cyterski, Data analysis, statistics
Kate Sullivan, Hydrology, project lead
Craig Barber, Fish effects

Steve Kraemer, Groundwater

Anne Neale, Megan Mehaffey, EnviroAtlas
Lourdes Prieto, GIS and data acquisition
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Tracking Metals Mass Transported
Through the Animas River

Materials sourced from: Partitioning a function of

e Contaminated soils outside GKM mine PH, metal species, time
and the hillslope between -GKM and
Cement Creek

e Scoured from Cement Creek and its
floodplain

e Aggregated colloidal matter created
from dissolved metals in the mine
effluent itself

Dissolved

Dispersed and
Aggregate
Colloids

ettled colloidal
aggregates

Sediment in transport a mixture:
e Larger particulates (sand/silt) In the streambed
* Fine particulates (clay) Metals bound to surfaces of rocks and sand grains
e Aggregated colloidal material of Entrapped by microbes
varying size, texture, and stability *  Mineralize eventually
e Sludge-like
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GKM plume mass estimates-- Animas River

Metals Load in Animas River During GKM Plume

1,000,000

475,000 /~ 349,000

Dissolved Colloidal

100,000

10,000 -

Metals Load (kg)

1,000 -
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700
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O
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® @

Metals mass carried by the river
declined as the plume traveled

* Dissolved mmmm) Colloidal
e Colloidal ‘ Streambed

90% of the GKM metals mass
delivered to the Animas from the
GKM release was deposited within
the Animas River

~45,000 kg of colloidal/particulate
was carried into the San Juan River

Dissolved load at background before
it left Animas system

Background mass computed for plume period

as constant concentration based or pre- or post

Empirical Model

plume sample for reference to plume days only
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Mass Transport of Individual Total Metals--Animas River

Mass Transport During GKM Release Generated Plume

Gold King Mine at Release Site
Cement Creek RK 12.5

Animas at Silverton RK 16
Animas at Baker's Bridge RK 64
Animas at Durango RK 94
Animas at NAR6

Animas at Aztec RK 163
Animas at Farmington RK 190

Animas At Farmington Background

Gold King Mine at Release Site
Cement Creek RK 12.5

Animas at Silverton RK 16
Animas at Baker's Bridge RK 64
Animas at Durango RK 94
Animas at NAR6

Animas at Aztec RK 163
Animas at Farmington RK 190

Animas At Farmington Background

Mass (kilograms)

0 200 400 600
| 3
R 490
I 353
I 170
— 75 Total Arsenic
73
59
. 46
| 2
Mass (kilograms)
0 2,000 4,000 6,000 8,000 10,000

0

I ———— 7,658

I 5,635

I 2,600
s 1,050

. 1,025

. 730

Il 530

2

Total Lead

Mass Transport During GKM Release Generated Plume

Gold King Mine at Release Site
Cement Creek RK 12.5

Animas at Silverton RK 16
Animas at Baker's Bridge RK 64
Animas at Durango RK 94
Animas at NAR6

Animas at Aztec RK 163
Animas at Farmington RK 190

Animas At Farmington Background

Gold King Mine at Release Site
Cement Creek RK 12.5

Animas at Silverton RK 16
Animas at Baker's Bridge RK 64
Animas at Durango RK 94
Animas at NAR6

Animas at Aztec RK 163
Animas at Farmington RK 190

Animas At Farmington Background
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Mass (kilograms)
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Mass (kilograms)
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. 228

1,000

1,500

1,500 2,000
Total Copper
2,000 2,500
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I 1,632

e 583
e 626
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< EPA GKM plume mass estimates—Animas River

Our 2 modeling approaches Empirical and WASP

Mass Transport Total Metals During GKM Release Generated Plume

Mass (kilograms) AGREED

0 100,000 200,000 300,000 400,000 500,000 600,000
— The amount of metals mass released into the Animas

Cement Creek RK12.5 | 490,404 at Cement Creek
Animas at Silverton RK 16 I 353,199 — The amount of metals mass that left at Farmington

Animas at Baker's Bridge RK 64 S 170,132 — Generally where mass deposited
(most in Upper Animas, much less in lower Animas)

Gold King Mine at Release Site | 2,798

Animas at Durango RK94 I 75,114

Animas at NAR6 I 72,308
Deposited GKM Colloidal/Particulate Mass--

Animas at Aztec RK 163 I 58,985
Animas River

Animas at Farmington RK 190 I 46,067 250,000
Animas At Farmington Background | 1,758 Empirical ®WASP
o 200,000
lexcludes major cations = P I .
a reliminar
DISAGREED & 150,000 y
. . p Results
- Exactly where the colloidal/particulate mass was T 100,000
. ()}
deposited = 0 000
- Probably reflects details of topography and where ' a i I
the anchoring sampling location falls within the 0 - -
16.4 64.0 94.2 132.0 164.1 190.2
segments Distance from GKM (River Kilometer)

The 2 models encompass uncertainty in estimating processes
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Upper Animas Deposits Locations

WASP model and empirical data also suggest the majority of plume
mass (=<85%) was deposited in three areas:

Upper Animas valley between
Cement/Animas confluence
and start of canyon below

Silverton (27%) (~4 km) / .‘

In the canyon reach between
Silverton and Baker’s Bridge
(38%) (~44 km)

-

In the braided reach between
Baker’s Bridge and Durango _ ,

o N Animas River
(ZOA’) ( 30 km) Watershed

System

GoogleEarth
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Yellowish
deposits at
channel edge
and slow zones
suggest GKM
material on
streambed

GoogleEarth

DRAFT June 29, 2016

Within the
“canyon” reach 12
km downstream




About 32 km
down river
from A72 below
Silverton

Yellowish
deposits
diminished but
still present

October
2015

DRAFT June 29, 2016

2014

12



Deposited Plume Material in Streambed

Baker’s Bridge Area RK 64

June 2014 Aug 2015 Oct 2015

GoogleEarth
DRAFT June 29, 2016 13



August 2015
Post-Event

August 6, 2015

DRAFT June 29, 2016 October 2015
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a2 WASP Sediment Simulation Results -
< EPA

Concentration (mg/kg)

Total Particulates
WASP Peak Conc of Total Particulates in the Sediments e WASP deposits most metals in
Silvert . .
nveren three primary locations
1,000,000 Durango Peak Total As Conc e Between the
100,000 % ig % Background Tot Particulate Conc Cement/Animas confluence
C B é A Post Plume Tot Particulate Conc and the city of Silverton
10,000
Farmington * Inthe canyon reach
1,000 between Silverton and
Baker’s Bridge
100 .
 Between Baker’s Bridge and
10 Durango; the velocity of the
0 50 100 150 200 250 300 350 400 450 500 river decreased in this
River Kilometer segment after leaving the
canyon

WASP did not account for settling of non-
metallic particulates (silts, clays), and e Background and post-plume sediment total metal
therefore may over estimate sediment concentrations are plotted at the 3 locations

metal concentrations
DRAFT June 29, 2016
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S EPA Deposited Plume Material in Streambed

Primary research question:

How did the GKM deposits
affect metals
concentrations in the
streambed already known
to be contaminated with
AMD from the headwaters
region? o3
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Concentration (ug/g)

Streambed Metal Concentrations - Animas and San Juan Rivers
Sediment Aug 13-14-15

1 000 ' 000 Sediment Aug 13-14-15
’ ’ 0® Human Health RBC = 130,000
100 o Aquatic Life PEC=33 % 00 8
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S o O
b ©)
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o © 5 ©~ 0 8 8° o
® 8 : g6 ©
°%Pgo 8 o° S ;
&Pe o o 8
I
0 100 200 300 400 500 0 100 200 300 400 500
Distance from GKM (km) Distance from GKM (km)
Sediment Aug 13-14-15 Sediment Aug |3-14-15
10,000 O 10,000
. Human Health RBC = 20,000 Human Health RBC = 1,000,000
% 1,000 % | 000 o 8 quatic Life
~ ?0 ’ O§
S 8 oo z o
® 100 O s @
g ° g £ 100 © 5 o =
g o 6 5 %}g@ o
) ) O 8 O @)
o] (ONe) c (@)
s gB00 ©8 o g S 10
O o S
| O
0 100 200 300 400 500 |
Distance from GKM (km) 0 100 200 300 400 500

Distance from GKM (km)
Sediment samples collected soon after the GKM Plume
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Sediment Simulation Results for
Individual Metals

Arsenic, Copper and Lead: simulations suggest these metals settled upstream at Silverton and between Bakers Bridge

and Durango

Zinc traveled farther in dissolved form, forming colloidal solids over 60 km distance before settling in the Durango area

Peak Simulated Concentrations of Total As in Sediments

Peak Simulated Concentrations of Total Cu in Sediment

0 50 100 150 200 250 300 350 400 450 500
River Kilometer

10000 ) 10000
1000 Silverton Arsenic Silverton Copper
= —
< % 1000 Durango
B 100 Durango Peak Total As Conc S N g » ;eaI': Total;:g C‘(’:“C
= X X Background As Conc E o 1 % Post Plume Cu Conc
[ =
S 10 A § Farmington A Post Plume As Conc 5 Farmington
g 8 %
[= = 10 =
g 1 g
5 : %
© 01 S 1
0.01 01
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
River Kilometer River Kilometer
Peak Simulated Concentrations of Total Pb in Sediments Peak Simulated Concentrations of Total Zn in Sediments
100000 10000 %
Silverton Lead 1000 g Zinc
T 10000 F 100 é Durango %
) Durango S § Farmington
E 1000 Peak Total Pb Conc £ 10 L
S § X X Background Pb Conc 5
® 100 | 8 A Post Plume Pb Conc % B
's' X € 01 Peak Total Zn in Sediment
£ gFa rmington 3 - X Background Zn Conc
8 10 S A Post Plume Zn Conc
0.001
1 0.0001 Silverton

0 50 100 150 200 250 300 350 400 450 500
River Kilometer
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Longitudinal patterns of sediment concentrations vary by metal

1
0.9 1 1
0.8
g . - 0.8 0.9
235" 5 x 0.8
Sgg'g Z 506 N\ Z S 07
o c 0. O @ '.,6 = .
ERY —Mercury \_\ c 5 : S
s o Cadmiu S 2 0.6
o5 04 —Iron N v §04 25 Chromium
o U 0.3 . o € Cobalt o & 0.5
a N Arsenic g8 0.2 Manganese 2 o Barium
» Lead o —Nickel a 0.4 —Aluminum
'0 0 —1Zinc 0.3
0 100 200 0 50 100 150 200 0 Rive QoM 200
River KM River KM
Metals that sorb at low pH have highest Those with higher pH sorption travel Some increase moving downstream
concentrations in first 60 km farther before deposition suggesting other sources or processes

A. Model Predictions
HFO=1.0 g/L

100
e b Deposition patterns appear to follow pattern of

sorption pH implying time and distance to formation
of solid precipitates

Percent Sorbed




Historic patterns

of metals
contamination
shows strongly
declining trend
from Animas
headwaters
where AMD
contamination
originates from
hundreds of
mines

Post GKM event
concentrations
are generally

within the same
range as historic

observations

10,000

Concentration (ug/g)

100

Post-Event and Historic Sediment Concentrations

¢
¢
®

Durango

100

5 O RE T

(@)

A USGS Historic (Church et al. 1997)

¢

O

:
§
:
:

°© o<>8 o ©
o8 gd o
8 @ 8 o Q
go
@) © @) g
Farmington 4 Corners
200 300 400

>

Lead in Sediment

Post GKM Release

USGS Historic at Gages

EPA Superfund

Human Health RBC = 20,000
Aquatic Life PEC = 128

:
g

8

(ONN©[0)3(010)

Animas River

>

San Juan River

Distance from GKM Source (km)

Many more locations were sampled during the GKM Plume
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Concentration (ug/g)

1,000

100

>Oono
"o @

Farmington

Copper in Sediment

OPost GKM Release

A USGS Historic (Church et al.

1997)

¢ USGS Historic at Gages
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4 Corners

200 300

400

a@ O

—> O
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Concentration (ug/g)

Post Event and Historic Sediment Concentrations

Arsenic in Sediment

10,000
OPost GKM Release
A USGS Historic (Church et al. 1997)
@ USGS Historic at Gages
OEPA Superfund 1,000
A
30
00
=
=~
3
a = 100
O 5 -
g €9 5
S OO c
O QO g S 0
o~ 9 8 0
S S
8 0 10
0 Durango Farmington 4 Corners I
0 100 200 300 400 500
> O —>
Animas River San Juan River

Distance fromm GKM Source (km)
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Zinc in Sediment

OPost GKM Release
A USGS Historic (Church et al. 1997)

O EPA Superfund

O
a O
68 &
B 58
° 8
© o
O
Durango Farmington 4 Corners
100 200 300 400 500
- @ —>
Animas River San Juan River

Distance fromm GKM Source (km)
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Pre-Event to Post-Event Sediment Statistical Comparisons

Comparison of 95% confidence intervals for post-event and pre-event means: multiple metals, 3 sampling locations in Animas River

Concentration (mg/kg)

Pre-Event: Superfund samples from Silverton, 2012-2014

Pre-Event: USGS samples at Farmington, 1994-2007

Pre Post

10000.00
1400 I
_1000.00 Pre poct
1200 Post &D l —~ Pre
=
Pre 88  100.00 oSt .
T é . POSt bre post
Pre g 10.00 == Pre Pre Post pre post
e re
600 Pre = 1.00 .
3 POSt pre post
Post 8 —
Post o) 0.10
400 O Pre
. Post
200 Pre_ post | pre Post | Pre 0.01 —
] | _Post. & @ & D & & L& eSS
0 A & v N QQ 52 Q g Q N e
Q;b (}O vg QO(Q C 66\ Q>e ®®
Potassium Zinc Lead Copper Barium Sodium ®%° 19 & )

Dark blue bars represent a 95% confidence interval for the mean concentration
of pre-event samples, lighter grey bars represent a 95% confidence interval for
the mean of post-event (through October) samples.
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Sample Sizes:

Silverton: Pre-Event (5), Post-Event (12)
Baker’s Bridge: Pre-Event (4), Post-Event (9)
Farmington: Pre-Event (6), Post-Event (45)
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3EIDA Summary of Pre to Post-Event Sediment Comparisons

Sample Sizes:
Silverton: Pre-Event (5), Post-Event (12)

Baker’s Bridge: Pre-Event (4), Post-Event (9) OBSERVATIONS:
Farmington: Pre-Event (6), Post-Event (45) * Longitudinal patterns of sediment metal concentrations are similar to USGS
Metal Silverton Baker's Bridge Farmington hiStoric data

Aluminum 0.35

A:tim"_”"' e * No post-event sediment metal concentration means are significantly greater than
rsenic L
Barium 0.34 031 pre-event means
Beryllium
Cadmium e Despite sampling and environmental heterogeneity that potentially increase
Calci o ope . .
e variability in sampling:
Chromium 0.39 0.38 0.24 . . . - N
Cobalt 0.4 0.51 0.61 * Bed concentrations were already high in much of the Animas River
Copper 0.5 0.6 0.2 * New GKM-related deposits did not increase them on average
Iron - 0.18 0.09
Lead 0.96 0.72 . . . .
Viagnesium 018 031 Table shows the p-values associated with two-sample t-tests on mean concentrations in pre-event
Manganese 0.14 0.53 0.51 and pOSt_event samples:
Mercury LEs e o I Significantly Higher Pre-Event Concentration (p-value < 0.05)
Nickel 0.44 0.54
Potassium 0.09 01 [ ] Significantly Higher Post-Event Concentration (p-value < 0.05)
Selenium 0.81 0.72 0.15 [ ] No Difference in Pre-Event vs Post-Event Concentrations (p-value > 0.05)
Sodi "1 No Data .
- Tests based on log,, concentration
Thallium 0.39 0.9
Vanadium 0.35 0.13
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< EPA Deposited Plume Material in Streambed

Does this result concerning bed sediment make sense, given the large amount of deposition during the GKM plume?

. Segment 5-cm 5-cm Depth Estimated Plume- Plume Metal
. Segment Segment Sediment Bulk . Pre-Event Metal . . .
River Segment Length (cm) Width (cm) Density (kg/cm3) Depth Sediment Conc (g/kg) Sediment Metal Deposited Metal Deposits as % of
g Y Ke Weight (kg) 8/%8 Weight (kg) (kg) Total
Cement to Silverton 2,500,000 1,000 0.0015 18,750,000 80 1,500,000 130,000
Silverton to 50,000,000 2,000 0.0015 750,000,000 80 60,000,000 190,000
Bakers Bridge
Bakers Bridge to Durango 30,000,000 5,000 0.0015 1,125,000,000 40 45,000,000 100,000
Unit Block of Sediment
ImxImx5cm
Weight = 75 kg : : 1
Unit block of sediment composed of Range covers calculation
o . ’ .
8% metal at Silverton and Baker’s Bridge, between 2-5cm
. 0,
Bulk Density = 0.0015 kg/cm3 4% metal at Durango sample depth
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Mass (kilograms)

500,000
450,000
400,000
350,000
300,000
250,000
200,000
150,000
100,000
50,000
0

Mass (kg)

Mass of Sediment in the San Juan River

GKM Colloidal/Particulate Plume Mass Passing Locations

Truncated Scale
Load >1,000,000 kg e

[ )
IIIIIO“I‘lll

Empirical m WASP

WASP represents only GKM plume

Empirical includes measured metals
in background from upper San Juan
and plume

Particulate load transported during
the GKM plume increased
significantly when the Animas joined
the San Juan

94 132 164 190 196 246 296 378 421 OBSERVATIONS'
Distance from GKM (River kilometers) . .
. ° . 45'000 kg dellvered Wlt.h plume 600 - Metal Mass During Plume Passage
Metal Mass During Plume Passage increased to 300,000 kg in San Juan ;| i
OAnimas ®San Juan above Animas at Fa rmington B Upper San Juan
— 400 -
250,000 - . -
] * Most of the SJ load was aluminum 5, |
200,000 and iron associated with suspended = 200 ]
] sediments
150,000 - _ . . 100 -
: * High metals load in San Juan diluted
100,000 ‘ effects Of the GKM plume and made Lead Zinc Copper Arsenic Cadmium Selenium
] it more difficult to detect ' N .
50,000 Several metals notably high in GKM: Total
) L +41 i +
o ead (+416 kg) Total Selenium (+5 kg)

Iron Aluminum
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Correlation of Metals and Aluminum Concentration During the Plume At Sites Along the San Juan River

Lead at Farmington LYW020 Lead at Farmington (RK 205) Lead at 4 Corners (RK 297)
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Correlation of Metals and Aluminum Concentration During the Plume At Sites Along the San Juan River
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Gold King Mine at Release Site
Cement Creek RK 12.5

Animas at Silverton RK 16
Animas at Baker's Bridge RK 64
Animas at Durango RK 94
Animas at NAR6

Animas at Aztec RK 163
Animas at Farmington RK 190
San Juan at Farmington RK 196
San Juan at Shiprock RK 246
San Juan at 4-Corners RK 296
San Juan at Bluff, Sand Island
San Juan at Mexican Hat RK

Gold King Mine at Release Site

Cement Creek RK 12.5

Animas at Silverton RK 16

Animas at Baker's Bridge RK 64

Animas at Durango RK 94

Animas at NAR6

Animas at Aztec RK 163

Animas at Farmington RK 190

San Juan at Farmington RK 196

San Juan at Shiprock RK 246

San Juan at 4-Corners RK 296
San Juan at Bluff, Sand Island RK..

San Juan at Mexican Hat RK 421

Mass Transport During Time Period of the GKM Release-Generated Plume

Mass (kilograms) Mass (kilograms)
0 500 1,000 1,500 2,000 2,500
! ! ! ! 0 500 1,000 1,500 2,000
3 Gold King Mine at Release Site mm 53
Cement Creek RK 12.5 1,615
F— 358 Animas at Silverton RK 16 1,146
m— 170 . Animas at Baker's Bridge RK 64 meessssssssssssss 526
= 75 Total Arsenic Animas at Durango RK 94 mssssm 208
m 73 Animas at NAR6 mmmmsm 178
m 59 Animas at Aztec RK163 = 149 TOtaI copper
m 46 Animas at Farmington RK190 msss 120
e 418 San Juan at Farmington RK 196 s 264
1,423 San Juan at Shiprock RK 246 meessssssssssssss—— 767
——— 1,099 SanJuan at 4-Corners RK 296 meessssssssssssssss—s 706
.. S | 057 San Juan at Bluff, Sand Island RK... 825
— 2.115 San Juan at Mexican Hat RK 421 1'051
Mass (kilograms)
Mass (kilograms)
0 2,000 4,000 6000 8000 10,000 0 1,000 2,000 3,000 4,000 5000 6,000
0
J 658 Gold King Mine at Release Site 228
|
d 635 ! Cement Creek RK 12.5 2,059
|
’ Animas at Silverton RK 16 1,632
I . .
2,600 Animas at Baker's Bridge RK 64 583
= 1,050 . .
’ Animas at Durango RK 94 626 Total Z
Total Lead otal Zinc
F— 1,025 Animas at NAR6 479
W— 730 Animas at Aztec RK 163 551
= 530 Animas at Farmington RK 190 439
s 643 San Juan at Farmington RK 196 850
s 922 San Juan at Shiprock RK 246 2,175
Emmms 954 San Juan at 4-Corners RK 296 3,052

. 1,084

San Juan at Bluff, Sand Island RK 377

s 1,350 San Juan at Mexican Hat RK 421
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5,578
4,632
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0

Gold King Mine at Release Site m 0.5
Cement Creek RK12.5 mssssm 3.0
Animas at Silverton RK16 = 0.3
Animas at Baker's Bridge RK64 m 0.5
Animas at Durango RK95 mm 1.0
Animas at So. Ute NARO6 RK132 mmm 1.2
Animas at Aztec RK 163 s 2.3
Animas at Farmington RK190 msss 1.9

Background at Farmington (RK 190)

San Juan at Farmington RK 196 mees—— 5.7

Dissolved Mass (kilograms)
5 10 15

DISSOLVED METALS

20

Dissolved Arsenic

San Juan at Shiprock RK 246 meessssssssssssss——— 11.5
San Juan at 4-Corners RK 296 maasssssssssssssssss——— 10.4
San Juan at Bluff, Sand Island RK... eeessssssssssssssssssssssssss————— 14.6
San Juan at Mexican Hat RK 421 S 16.4

0

Gold King Mine at Release...m 0.5

Mass (kilograms)
10 15

20

Cement Creek RK 12.5 messsssssssssssssssssssss 11.8

Animas at Silverton RK 16
Animas at Baker's Bridge... = 0.8
Animas at Durango RK95 mm 1.1

Animas at So. Ute NARO6... msssss 3.7

Animas at Aztec RK163 == 0.8
Animas at Farmington RK190 === 1.3
Background at Farmington... 1.1
San Juan at Farmington RK... s 1
San Juan at Shiprock RK 246

San Juan at 4-Corners RK296 s 3
San Juan at Bluff, Sand... meeeess———
San Juan at Mexican Hat... s 3

16.9

Dissolved Lead

20

Gold King Mine at Release Site mmmm 52.5

Cement Creek RK 12.5
Animas at Silverton RK 16

Animas at Baker's Bridge RK 64 mssssm 389

Animas at Durango RK95 1 8
Animas at So. Ute NARO6 RK132 1 8
Animas at Aztec RK163 1 7

Animas at Farmington RK190 m 11

Background at Farmington (RK190) m 14

San Juan at Farmington RK196 m 15
San Juan at Shiprock RK246 mmm 41

San Juan at 4-Corners RK 296 mm
San Juan at Bluff, Sand Island RK 377 mm

31
34

San Juan at Mexican Hat RK 421 mmm 47

25

Gold King Mine at Release Site
Cement Creek RK 12.5

Animas at Silverton RK 16

Animas at Baker's Bridge RK 64
Animas at Durango RK 95

Animas at So. Ute NAR06 RK132
Animas at Aztec RK 163

Animas at Farmington RK 190
Background at Farmington (RK 190)
San Juan at Farmington RK 196
San Juan at Shiprock RK 246

San Juan at 4-Corners RK 296

San Juan at Bluff, Sand Island RK 377
San Juan at Mexican Hat RK 421
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0

Mass Transport During Time Period of the GKM Release-Generated Plume

Dissolved Mass (kilograms)

200 400 600

481

800

732

Dissolved Copper

Dissolved Mass (kilograms)
500 1,000 1,500

== 105
m 36

= 40
146
114
s 158
m 72
e 111
m— 174
mmm 140

Dissolved Zinc

1,530

2,000

1,791
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Measured Dissolved Lead Concentrations

Following Gold King Mine Spill

12-hour maximums

= Gold King Mine

Wl

Dissolved lead (pgiL)

08/05/15 12:90%&&1 to 08/05/1512:00 PM

Date Measured at Durango Airport Weather Station
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0.5 ug/L Pre-event concentrations

2.5 ug/L National Aquatic Life Criteria Chronic

5 ug/L Region 6 & 9 - Aquatic Life Criteria Chronic
65 ug/L National Aquatic Life Criteria Acute

100 ug/L Livestock Criteria
130 ug/L Region 6 & 9 - Aquatic Life Acute
200 ug/L Recreational Screening Level

]
i Below all criteria

Above at least one criterion

L X R

Notes:

* Grey dots represent locations that were sampled at
some point between 8/5 and 10/15, so grey dot
indicates no sample taken during corresponding 12

hr period

* Color of dot represents maximum result based on
samples over 12-hr period

* Spikes seem to coincide with rain events (see precip

chart) DRAFT June 29, 2016 30



Metals in the San Juan River

Load (kg)

As,Cd,Cu,Pb,Zn Summed Daily Load
I ® During the 2-month period after the GKM release,

7500~ o
iR TAsR Metal Load and during the GKM plume, total metal
anJuana . . .
Farmington ! (ke/day) concentrations and daily loads were larger in the
E 24hr Plume Load, ~ . . . . .
o AN i 600 kg N San Juan River than in the Animas River and tended
Farmington I to increase in the downstream direction
2500 =900 kg \
! - I n R ﬁ ¢ Post-event monitoring has shown that water
A0 R O N N B A ) e We
O e W e e Bt s Bt B s el et concentrations of some metals are high in the San
16 64 95 148 152 158 163 177 190 196 205 214 228 246 272 296 333 346 378 421 R R . . o N
River Km Juan River relative to water quality criteria during

storm events
(e.g.Aug 27, Sept 6 and Sep 26)

As,Cd,Cu,Pb,Zn Total Mass in Unit Block of Sediment

Bed Sediment Mass ® Although there are large amounts of metals sorbed

to suspended sediments transported through the
San Juan River, metals concentrations in bed
i sediments are low compared to those in the Animas

% River
% é Data includes only post-event samples
= .

16 64 95 148 152 158 177 190 196 205 213 228 246 273 206 333 346 378 421
River Km

Mass (g)

200-

— e — | ——



<vEPA

Mass of Sediment in the San Juan River

The large metals loads in the San Juan are not due
to a high level of metal contamination in the bed—
in fact, concentrations are generally small

Bed sediments are the source of high suspended
sediment concentrations during storms

Aluminum and iron are associated with sediments
and their concentrations are elevated with
streamflow along with suspended sediments

The correlation graphs introduced earlier show a
consistent relationship between most of the metals
and aluminuml/iron

Streambed metal concentrations are high enough
to account for water concentrations as flow and
suspended sediments increase

100 -

Concentration (ug/L)

DRAFT June 29, 2016

Metals Correlation With Aluminum Analysis

TOTAL ARSENIC [

© Non Plume ‘».J{'n

A Near GKM Peak

ADuring

B Storm

100

1,000 10,000 100,000 1,000,000

Aluminum Concentration (ug/L)

1,000 -

o
o

o

1l

Concentration (ug/L)

A Near GKM Peak A
] ADuring

E B Storm

TOTAL LEAD ™

© Non Plume

100

Aluminimum Concentration (ug/L)

1,000 10,000 100,000 1,000,000
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Post Event Trends in Water Quality

150

Metal Concentration (mg/L)

Animas River in Durango RK 96

00 A

50 -

Plume o
o) QLo
o)

Irrigation  ©

= Dissolved
O— Colloidal
O --Major Cations

%, %, B B % & &

P
> =%

9,

9
%, %,
0. %

Research Question:

< /. 7, . ), d
% T P, w YW 0

* Metals concentrations in water retreated back towards normally observed
levels quickly after the GKM plume passed

e Typically, dissolved major cations including Calcium, Magnesium, Potassium,
and Sodium dominate the metals content of water during summer

* Post-event adjustments to GKM water chemistry and sediment deposits

possible from several sources

e Water chemistry changes with continued/increased effluent treatment

e Dissolution of precipitates (e.g. gypsum, gibbsite, ferrihydrite)

* Mobilization of bed deposits in high flow events

Did/Will GKM release metals affect water concentrations:
e During fall months (August-October) post event?

e Spring snowmelt
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Dissolved Iron and Aluminum near Aztec RK 177

Storms
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Woater Quality Data

Data Sources for pre-GKM event data

e Superfund sampling at Silverton (n=130) and Baker’s Bridge (n=5), 2012-2015

e EPA STORET data at Durango (n=165), 2009-2014

e USGS samples at Farmington (n=12), 2006-2010

Note: USGS data were available at Silverton, Baker’s Bridge, and Durango for the mid to late-1990’s and early 2000'’s.

Due to changes in managed mine geohydrology as well as AMD treatment facilities, we opted to use the most recently collected
historic data (2009 to 2014) to characterize pre-event water quality.

A full suite of metals (24) were not consistently measured in pre-event samples
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Fall 2015 Water Quality Trends at Silverton

Temporal Trends in Dissolved Metals

1,100

(

7))
Q <
$102/€/0T = A& % m
o
) L] Im .4_“ 00 —
@ Q c (]
] ‘O S L.
sT0z/€/6 ~ o =
° ° (@) () -~
% Y Dv“ O o
ST02/€1/6 c w ,_um
L € &5 0O
e/ v £ 2 o
S10Z/€/6
T 5 O E
Q 8§ £ 9 o
M. ° S10¢/ve/8 m s .0 mw m
O ° s m. «c
% O 0 = e o]
ST0Z/¥1/8 c @] v -~
oG 2 8§ £
s . a8 -2 o
S102/v/8 ‘0 mw a] w O
T I I B o o
A Y moa o - S o o o
(1/8n) uonesyusduo)
- ST0T/€/0T
(Y [ ]
°
. ° . stoz/€e/6
s
STOZ/€1/6
ST02/€/01
oo e o 1€/ m ST0Z/€/6
oo ° s1oz/€e/6 M
® o, W e STOZ/vT/8
sT0T/€1/6 > ﬂo
< ST0Z/v1/8
£ sT02/€/6 t
2 ST0Z/v/8
£ ° SR o5 o o 0 0 © © © ©
S ° OO0 OO0 o o o
os © ¥ NGO o © I N
ra.w stoz/pt/g T
’ (1/8n) uonesyusduo)
ST0Z/¥/8
N n on A o~
AN &N N AN A
(1/8n) uonesusduo)
- ST0T/€/0T
3K
o ¢ st0z/€2/6
PPy ST0T/€/0T o
[ J [ ] (4
° o <107/57/6 ST0Z/€T/6
«8°
STOT/€1/6 ST0Z/€/6
£
Stoz/e/s h. ° sT0Z/vT/8
m © °
= ° Sst0z/ve/8 o )
N [ ST0T/v1/8
L4
S10T/v1/8 %
8, ST0T/v/8
ST0Z/v/8 O O 0O 0o o o o o
SO O O © © © © O
= 5 2 2 5 = = C Q Q Q Q © < ©
w, A O )N © h I m m SereTe e =
|/8n) uolnesauaduo) (1/8n) uonesusdsuo)



1,200

&=
o
o
S

800

600

400

Concentration (ug/l)

200

Flow (cfs)

. Dissolved Zinc
‘ Silverton
VS .
.
%, oo
%. [ X ] °
% ﬁ'»’ L4 d
500 1,000 1,500
Flow (cfs)
260 Streamflow
240 During
220 Sampling
200
180
160
140
120
100

8/4/2015

Relation of Metal Concentrations to Flow

8/14/2015

8/24/2015

9/3/2015
9/13/2015
9/23/2015

10/3/2015

2,000

120,000 i i
= Dissolved Calcium
[ ] . -
2 100,000 Silverton >
c =
(@)
2 80,000 5
= =
S 60,000 =
(&) [
[ Q
S 40,000 c
% S
20,000 ke o o,
0
0 500 1,000 1,500 2,000
Flow (cfs)

* Dissolved metals concentrations show strong
inverse relationship to streamflow

* Rising temporal trend in post-event dissolved
metals may be explained by steadily declining flow

Analysis Implications:

* Restrict pre vs. post comparisons to same flow
levels

* Historic data at flows similar to post-event period
were primarily collected in spring
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USGS sampled 4
times during a
snowmelt season

Patterns repeated
at Durango and
Farmington (not
shown)

Colloidal shows
increase during
snowmelt,
hysteresis
(particle
mobilization)

Dissolved shows
decrease (dilution)
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ZEPA

Post GKM Event Water Quality

Concentration (ug/l)
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Some dissolved metals show concentration increases around Silverton in the post-event period
compared to pre-event data
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EPA

Post GKM Event Water Quality

Concentration (ug/l)

Examples of Flow-Restricted Sample Comparisons

Dissolved Arsenic

1.4 - Durango 4.0 .
1 o 35 Dissolved Cadmium
1.2 - A > .
| A S Silverton
1 A x>
] c 2.5 £ AA
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Post GKM Event Water Quality

Sample Sizes:

SILVERTON

Dissolved, Pre: n = 7-42 [] Significant Increase (p-value < 0.05)
Dissolved, Post: n =19 Metal Pre (ug/l) Post (ug/l) Change p-value
Total, Pre: n = 5-9 [] No Change (p-value > 0'05) Aluminum 46 160 Increase 0.005
Total, Post: n =18 . . .
. Slgnlﬁcant Decrease (p-value < 0.05) Arsenic 0.26 0.37 Increase 0.11
- Cadmium 1.27 2.06 Increase <0.0001
Q Cobalt 4.82 7.00 Increase 0.01
S"_VERTON—August-OCtOber % Copper 2.70 22.31 Increase <0.0001
(7] Iron 1406 1509 Increase 0.71
[ ] [ ] m
Dissolved Concentrations: = Lead 0.29 0.37 e 0.61
° Majority of metals were |arger Manganese 1419 1471 Increase 0.77
.. . . Nickel 0.93 A4.75 Increase 0.006
* Many statistically significant e 290 - eresse 0.0001
° Notable: A|uminum’ Copper’ Zinc Aluminum 2207 2053 Decrease 0.71
Arsenic 0.63 1.30 Increase 0.07
TU Copper 26 57 Increase <0.0001
e Some metals larger, some smaller 3
0 Iron 3038 3746 Increase 0.12
e 2 statistically significant — Lead 10.26 8.55 Decrease 0.71
o Notable: Copper Manganese 1440 1449 Increase 0.95
Nickel 1.29 4,42 Increase 0.02
Zinc 654 645 Decrease 0.86

DRAFT June 29, 2016
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Post GKM Event Water Quality

[] Significant Increase (p-value < 0.05)
[] No change (p-value > 0.05)

[ Significant Decrease (p-value < 0.05)

Durango—August-October

Dissolved Concentrations:

Some larger, some smaller

Many in both categories statistically
significant

Notable: Iron, Aluminum

Total Concentrations:

Most metals smaller
Most statistically significant

Notable: Aluminum, Iron,
Manganese, Zinc

Sample Sizes:

Dissolved, Pre: n =40

Dissolved, Post: n =57 DU RANGO
Total, Pre: n =37

Total, Post: n = 57 Metal Pre (ug/l) Post (ug/l) Change p-value
Aluminum 24 27 Increase 0.31
Arsenic 0.2 0.4 Increase =0.0001
O
Q
-
T:.' Copper 1.42 1.93 Increase 0.0005
(Fy] Iron 21 33 Increase 0.04
7y

Cadmium 0.25 0.22 Decrease 0.44
Copper 2.67 2.99 Increase 0.42

Total

DRAFT June 29, 2016
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Post GKM Event Water Quality

Sample Sizes:
[] Significant Increase (p-value < 0.05) Dissolved, Pre: n =9

Dissolved, Post: n = 16 Farmington Dissolved
[] No change (p-value > 0.05)
Metal Pre (ug/l) Post (ug/l) Change p-value
[ Significant Decrease (p-value < 0.05) Aluminum 9 130 Increase <0.0001
Arsenic 0.54 0.68 Increase 0.25
Farmington—August-November Cadmium 0.05 0.11 Increase 0.16
Cobalt 0.16 0.45 Increase 0.004
Dissolved Concentrations: Copper 2.4 2.5 Increase 0.98
e Majority of metals were larger Iron 8 80 Increase 0.0002
Lead 0.23 0.35 Increase 0.3
* 4 of 10 statistically significant Manganese 34 28 TeTare 0.72
* Notable: Aluminum, Iron, Zinc Nickel 1.2 2.1 Increase 0.04
Zinc 12 5 Decrease 0.09

No historic sampling of total metal concentrations available at Farmington

The increased dissolved concentrations of Aluminum (143 ug/l) and Iron (85 ug/l) translate to
7,000 kg and 4,000 kg of additional mass over a 60-day mean flow period
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<vEPA Temporal Trends in Bed Sediments

Silverton Baker’s Bridge Farmington
Observations: = s P -
Arsenic | » ° =l N - .
® Some metals appear to (mg/kg) | . R =0.49 | e lnl s e .
decrease in weeks el [ . —
following the GKM, - 5
especially at Farmington . o .
(earlier sampling Cadmium | - s —olll . BS=gi2r
periOd) (mglkg) . - . : = . = - e ..I. ..... '..---.-.
® Concentrations not i - . . ] 1
elevated relative to pre- Copper | = X w 8 RP=032 g P AT YL
- o e . ‘ R'=061 e
event EPA superfund (mglkg) | “ .  r=o0s Plw . - . » .
sampling; exception is . .
Copper at Farmington . » . "
in the immediate post- Lead o < = i S—
bl - 'Y L
event sampl mg/k - Gl Bg »| ** et
samples (mglkg) | = ] e N #2007 o . N
Green bands represent 95% - o -
confidence interval for mean Zinc | O =2 o = et
L - - B3 RE=0.00 =z %
of pre-event samples (mglkg) w( o REOB e el o 10 resesea
8124 103 8124 103  8/9 913
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QIEPA Post-GKM Event Movement of Metals Mass

TOTAL METAL TRANSPORT

In the two weeks following the plume 10,000,000 6,700,000
passage, about 16,000 kg of metals were Delivered to San
slowly leaked (indicated by monitoring Juan from 8/27
storm

samples) 1,000,000 Dropped in Animas 1,300,000
The large storm on August 27" affected = during plume passage

=
the lower Animas watershed: "

g 444,000

e delivered between 1.3 and 6.7

- 100,000
million kg of metals to the San Juan
e exceeded the =450.000 kg of total Carried into Post-Event Delivery
t | d 't d . ’th A . San Juan 46,000 to San Juan
metals deposiied Iin the Animas
: P 10,000 (16,000 )
durlng plume passage' Plume Farmington, 8/11- Farmington, 8/27

8/26 Storm
Estimated range of metals load for the August 27 storm event

based on assumption of constant water concentrations (lower
bound) and volumetric scaling (upper bound).

DRAFT June 29, 2016
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Expected Metals
Concentrations
Du I‘i ng SnOW Durango
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ZEPA

b )

Empirical Method for Estimating Daily Metals Loads

Fit regression lines
to individual metals
concentrations in
relation to flow

Dissolved and
colloidal fractions at
each site

Applied regression
to the average daily
flow at USGS gage
(available as one of
the flow statistics)
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A y = 0.0000247x + 0.0378454

R*=10.0581144

oo B
[
1,000 1,500
Flow (cfs)

2,000

2,500

OEPA AUSGS

2,500

USGS data (Church
et al. 1997
integrated into EPA
2009-2014 data
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Concentration (mg/l)

Daily Load (kg)

0.9

Expected Annual Metals Concentrations and Loads at Silverton
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Concentration (mg/l)
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<vEPA

Resuspension Scenario
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WASP simulation:

e All GKM deposited
metals mixed at
once into the water
column

e 3 flow levels

Results:
Largest concentrations
in Silverton

All concentrations
<1mg/L

Concentrations lower
at high flows

Very small changes in
concentrations
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Long-term Effects (Showmelt Scenario)

Using the developed metals
concentrations in the sediments, we ran
WASP using flow from 201 | to simulate
2016.

Simulated low, middle, and high flows,
including the snow melt period.

Sediment concentrations changed
negligibly over the length of the
simulation

Water column concentrations were
highest during low flow periods and
nearest the GKM.

Highest concentrations during low flow
period all < 3 pg/L

Matches patterns with empirical analysis
based on observed data
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v EPA - Long-term Effects by Metal
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Summary of Metals In Streambed

GKM metals mass largely originated in Cement Creek between the mine opening and the Animas River and most
deposited throughout the Animas River before joining the San Juan River at Farmington

Metals mass settled differentially within the Animas River reflecting geomorphology and geochemical reactions

— Heavier deposition in reaches below Silverton and downstream of Bakers Bridge (traditional areas of sediment
deposition indicated by river braiding)

— Also general deposition along entire course of river declining in downstream direction
— High pH sorbing metals (zinc) settled farther downstream than low pH sorbing metals (arsenic, lead, copper)

Pre-existing concentrations of metals in the streambed due to ongoing AMD contamination from headwater mines follow
the same pattern observed in the GKM plume

Despite the large mass of GKM metals deposited, concentrations of metals in the streambed in the months after the
release were within the variability of pre-event samples taken at Silverton, Baker’s Bridge, and Farmington. This was due to
the large pre-existing metal reservoir in stream sediments from ongoing AMD in the Animas headwaters

The San Juan River received a relatively small mass of GKM metals compared to what was already in transport sorbed to
suspended sediments in the San Juan. However, total lead and selenium from the plume was measurably higher.

Post-event data did not indicate that the GKM plume affected concentrations of metals in the bed of the San Juan River
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Summary of Post Event Water Quality

Metal concentrations in the water declined toward background conditions quickly after the plume passed

In the 3-month period after the release, there were changes in metal concentrations compared to pre-event
conditions

— Many statistically significant
— Some metals increased, some decreased, and patterns varied between Silverton, Durango, and Farmington
— Aluminum and Iron most involved
— Concentrations remained below water quality criteria
Could be due to changes in water chemistry, dissolution of precipitates, other?

USGS studies in the 1990’s showed higher metal loads during spring snowmelt
This study refines that analysis showing annual patterns of metals in relation to streamflow

— Highest dissolved concentrations during low flow
— Higher colloidal/particulate concentrations with higher flows
— Snowmelt carries most of annual load but has relatively low metal concentrations

— Monitoring should provide additional data to refine relationships between metals and flow to improve
loading estimates
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