Black Butte Mine: From Investigation
to Remedy-Focused Decisions

EPA Region 10 Black Butte Mine Site
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Site Overview and Framework
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Site Overview

= Legacy mercury mine in a watershed setting
= Source > Transport = Receptor System

0ou3 0ou2 ou1

= OU1: Mine source areas

= OUZ2: Downstream
transport corridor

= OU3: Reservoir
environment

Modified from Optimization Review Report. EPA; July 2012



Remedial Investigation (RI) Findings
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Rl Scope

= Multimedia sampling:

- Surface water, sediment, soil, groundwater,
hyporeic porewater, biota (Trophic 1-4)

= Hydrologic, geologic, and geochemical
charicterization

= Multi-season and spatial coverage




Key RI Findings

OUT identified as dominant mercury source to watershed

Both downstream transport, transformation, and bioaccumulatio observed in
OU2 and OU3

Transport driven by sediment-bound mercury

Transformation to methylmercury driven by periphyton in OU2 and
sediment/hypoxia influences

Bioaccumulation largely driven by exposure of methylmercury to base of the
food web: examples include but are not limited to periphyton consumption by
grazers or algae and zooplankton uptake from the water column
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Conceptual
Site Model:
OU2
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Key Insights



Isotopic Fingerprinting

= Distinguishes
between mine
derived and
background
sources

= Aids in transport
pathway
determination

= Potential pathway
toward cleanup
goals

Stable Mercury Isotope Mixing Model

Determining Percent Mine-Derived Mercury in Downstream Sediment

MINE SOURCE

(Tailings, Waste Rock,
Mine Workings)

Hg isotope signature
8202Hg . . =-1.2 %o

N —

Mine-derived Hg
with distinct isotope
signature

TWO-SOURCE MIXING MODEL

The isotope signature downstream is a
mixture of mine-derived and background Hg.

6202Hgsample = fmine(azozHgmine) +
(1 - fmine)(azozHgback)

where:
fine = fraction (0-1) of mine-derived Hg

(1 = f.ine) = fraction of background Hg

|
Mercury from both |
sources mixes during |
transport downstream |

DOWNSTREAM
SEDIMENT SAMPLE

Measured isotope signature
in downstream sediment

8292Hg,,mpte = -0.4 %o

PERCENT MINE-DERIVED MERCURY
x 100 = 56 %

mine

Approximately 56% of mercury in this sediment
is derived from the mine source.

BACKGROUND SOURCE
(Natural Soils, Rocks,
Atmospheric Deposition)

Hg isotope signature
8292Hg, .., = +0.6 %o

ckground Hg
with distinct isotope
signature

CALCULATE PERCENT MINE-DERIVED Hg

Solve for fne:
frnine = (azozHgsample - 62C'zHgback)
(azozHgmine - 6202Hgback)
Using the example values:
fie=(-04-06)/(-1.2-0.6)
= (-1.0)/ (-1.8) = 0.56
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Biological Controls on Methylmercury (Game Changer in OU2)

. . Methylmercury Pathway in Streams
Transport Of Inorganlc mercury Exaanle Pathway: Periphyton — Grazers —> Fish

through OU2 not the only TS TR s T

I EF Rock biofilm and Aquatic grazers feed on : & Fish (sculpin and dace) eat
m e C h ani S m at WO r k filamentous algae M periphyton and accumulate [ ik grazers and biofilm and
=% 2bsorbmercury ?"d =gk methylmercury. g accumulate methylmercury,
' . . S are a source 0 -~ 2 ; .
Periphyton (biofilm and B ey, [ R oreing p the food v

filamentous algae) a major
methylmercury source in OU2

- To both water and base of food web , % e RS
provides rational for elevated fish g2z G il - SSRGS
tissue in OU2

- WASPS8 indicated that sediments are
not the sole source

Periphyton is a potential key source of methylmercury in streams,
supporting methylmercury availability and bioaccumulation in aquatic life.

Damond et al. 2026 13
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Data Gaps and Targeted Investigations



1. Identified localized
source areas
(Dennis Creek)

2. Evaluated secondary
0U2 sources
(riverbanks, sediment)

3. Assessed biotic
pathways

(periphyton)

4. Used tree cores
and soil isotopes
for deposition
and background

é

Localized Sources
(Dennis Creek)

R Adit

@000

Sample
Locations

=

Sources &
Transformational

Processes
(Sitewide Understanding)

Biotic Pathways
(Periphyton)

Rock Biofilm Filamentous Algae

Deposition / Background
(Tree Cores, Soil Isotopes)

Background Site
Source Source

Hg
Isotope
Ratio

5%°2Hg (%)

Coninued assays to
confirm methylmercury
production hypothesis

J

Multiple lines of evidence used to refine understanding of
mercury sources and transformational processes areas the site.
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Tree Co re and Soil i \| Linking atmospheric deposition and soil sources
/’/ AR :

% to mercury pathways

|SOtOpiC Mercu ry it » Soil Profile Evaluation

et e N (. Soil led by depth
at De pth o I 3 et v for ig;tso:?:] r;::rcur{l a?\‘;tlysis
Locations | i . \ e e o el

3

Analyze for
total mercury (Hg)

15-30 cm

M

é:‘; =% / = ‘ Helps identify and
) quantify soil sources

Atmospheric Soil / Subsurface & and their contribution

i+ 199,
Deposition , A , Hg Sources to mercury pathways
Isotopic signatures

distinguish sources

Combining tree cores and soil profiles improves understanding of
atmospheric deposition and soil-driven mercury sources.




Refining Source Areas (Dennis Creek/OU1)

= Dennis Creek identified as a
dominant source area to OU2 with
limited resolution

= Targeted sampling refined spatial
distribution of mercury
contamination

= Results supported prioritized
source areas for the FS

“| Confluence of Fumace Creek and Little River |

LR-26-RER @ ? ﬁ" ;
RB-1-TR1-TOE r A
U

/
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Secondary Sources (OU2)

= Rl quantifies majority of mercury
transport as sediment bound

= Uncertainty remained relative to:
- Riverbank contribution

- Depositional sediment
contribution

= Tarteged evaluations suggest
potential for remobilization under
varying flow conditions

= Results inform development of focus
areas for FS alternative screening
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Treatability Study Approach



Treatability Study Approach

From screening to realistic conditions

1. SCREENING iy 2. REFINEMENT —

Identify promising amendments

. 8 i [T K
7 v LR Sk

Pinewood Biochar

Microcosm
testing

* Multiple
amendments
 Range of doses

¢ Short-term
evaluation

Goal: Identify top-performing amendments

J/

Evaluate across sediment types
and optimize dose

3. ASSESS PERFORMANCE

UNDER SITE CONDITIONS

Evaluate performance under
realistic site conditions

Seasonally
Inundated

Permanently
Inundated

Wetland

Microcosm testing

.

 Top amendments tested across sediment types
* Dose optimization
 Performance comparison

Goal: Refine and optimize treatment options

Mesocosm testing

* Site water and sediment
* Wetting and drying cycles
» Time-series evaluation
¢ Multiple performance endpoints
* Longer-term assessment
Goal: Confirm performance under
site-representative conditions

[ o~— o~

Sediment Types Tested

Permanently
Inundated

m (Deep/Lacustrine)

Seasonally
Inundated
(Shallow/Deltaic)

Wetland
(Emergent/Tidal)

A tiered approach ensured selection of effective amendments and confirmation of performance under realistic site conditions.
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Moving Toward Feasibility Study (FS)

Focused development of remedial alternatives for OU1 and OU2




Lessons learne



Lessons Learned

Rl sufficient for overall site characterization and risk assessment but more inputs
needed for identifying remedy approach

Early identification of data gaps improves efficiency
Targeted investigations reduce uncertainty

Biological processes are a critical element to fully delineate at mercury-
contaminated sites

24



Lessons Learned cont.

Iterative process
Improved remedial
focus

Understanding evolved
across investigation
phases

Targeted focus areas
support decision ready
outcomes

Background

25
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