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Study Area

Major Mining Districts jof Colorado

Dioas raot includs ool or ooratiuction T T
Clek on lbtalen Bra denpbesn of rrming distnct

Finliamy L
i g ol B

L

Peak to Peak Focthills Highway
i / Highway /
-<L :
¥ f iy Lengmant
! ;f r
#
LﬂnJm‘m{s Crook \ 7 !
o | -H\.__ R
'__ Jamas Croek f N JaMESED W 1
~ —_ g
sl — e l —
.o-#', ..
= | 7
- r
_, :_‘ ” \
" *a # Diagonal Highway
= W
Jcakfomia Guich i 'd
\
Lefthand Creek I
“_ Bwldurﬁ ' I
%
I ~ |
T~ .
} b Co Hay 83
y, B 7 South Foothils
At Nedertand N Higreaay
] ™ -
o ~
10 miles » \

& Aot Mine
B st Banirg Dt et

—]

1 - Background




Site History

e History: Hundreds of mines and
mills operated from the
mid-1800s to the late 1900s

» Brought settlers, railroad

» Mine sites abandoned when no
longer profitable

« Today: acid mine drainage (AMD) and
metal contamination from mines and
waste rock
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Research Goals

ldentify and quantify sources

of metal loading

— Lefthand, James, and Little
James Creeks

Develop reliable baseline
water guality data set

Determine accurate and efficient sampling
methods

— Comprehensive understanding over large spatial area

— Capture flow rates in very small streams
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Methods - Overview

* Tracer tests & synoptic sampling
}& — Determine stream flow and metal
concentration for a moment in time

W Macroinvertebrate sampling
| @ — |dentify metals sources with a
.__j signal

e Sediment sampling

a ¥

— ldentify metals sources with a long-term
signal
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Methods - Tracer Tests

» Calculate stream discharge based on

conservative (LICI, NaCl) tracer

. . 140
dilution _ 120
£
— |I”IjeCtIOnZ known concentratlon, constant rate i) 4218
_ ) 04— .
— Downstream: tracer concentration plateau L004AM  1116AM  12:28 PM
» Indicates even tracer distribution Llls

» Synoptic sampling begins

* Added NaCl pulse with LICl injection

— NaCl pulse spikes downstream conductivity

— Field-measurable indicator of LICl arrival at the most
downstream sampling site

. Kimball et al. 2002. Kimball 1997
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Methods - Synoptic Sampling

* A “snapshot In time” of concentrations and flows
— High spatial frequency
— Bracket key features: tributaries, adits, waste rock piles, etc.

 Metal Load = FIOW,4cer test X CONCENTrationg itic sampling
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Methods - Macroinvertebrates

« Sample collection

» Composite samples from riffle areas _
» 10 g biomass per station: Stoneflies, mayflies, caddisflies
» Oven-dried

e Tissue digestion

— Extract metals associated with tissues and
external coatings

» Warm (50°C) 1.5M HCI leach solution, 6 hours

» H,0, added to leach solution 1 hour

« Kiffney and Clements, 1993
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Methods - Sediments

« Sample collection

» Composite samples from in-stream
depositional areas

» Oven-dried, sieved to isolate <63 um size
fraction

« Partial digestion

— Extract leachable metals associated with
mineral coatings

» Warm (55°C) 1.5M HCI, 30% H,O, leach
solution

e Church et al. 1997
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Case Study - Upper Lefthand Creek

Tracer tests & synoptic
sampling, 5-21-2003 Ward

Sediment sampling, <y
6-16-2003 ‘

Macroinvertebrate
sampling, 7-1-2004

hillside Captain
seep Jack Mine
and Mill

White

o o Raven
Blg Five Mine and _S-
Tunnel Mill =
O

waste rock

0.5 miles " Puzzler Guich

«— = ~ - Results
iles




Results - Upper Lefthand Creek Flow and pH
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Results - Upper Lefthand Creek Zinc
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Results - Upper Lefthand Creek Lead

Sediment and
Macroinvertebrate Pb
Concentration (mg/kg)

Stream Pb Concentration
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Qutcome

* Tracer tests & synoptic sampling

» ldentified and quantified sources of metals loading for a
moment in time

— Efficient, spatially detailed, effective for small streams

— Requires multiple sampling events to capture temporal
element

 Sediments

» ldentified metals sources with a long-term signal not
observed in synoptic sampling

e Macroinvertebrates

> signal generally not evident

» Data interpretation difficult % inteeral
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Qutcome

* Over $10
million In
clean-up
actions

NPL Site

Bueno Tails

Streamside Talls
EPA Response/USFS

USFS/EPA Respunse

Fairday Mine
TSFS-Remaval

Evening Star
EPA Response

Argo Mine
Brownfields

Burlington
State VCUP

Loader Smelter
USFS =CO DMG

Slide Mine
State VCUP/USFS

e Future research

— Repeat these studies

— Did clean-up actions eliminate sources and

metals loads?
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Collaboration

Boulder County Health Department

Boulder County Parks and Open Space

CO Dept. of Public Health and the Environment
CO Division of Minerals and Geology
James Creek Watershed Initiative
Left Hand Water District

Lefthand Watershed Oversight Group
US EPA Region VIII

US Forest Service

US Geological Survey

University of Colorado

Individual stakeholders, town governments, local consulting firms
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