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SUMMARY REPORT
PENNSYLVANIA MINE
Summit County, Colorado
1.0

INTRODUCTION

URS Operating Services, Inc. (UOS) was tasked by the Environmental Protection Agency (EPA) under
the Superfund Technical Assessment and Response Team 3 (START) contract # EP-W-05-050 Technical
Direction Document (TDD) No. 0901-11, to provide a compilation of information and conclusions
determined from recent data gathered about the Permsylvania Mine site located 3 miles east-northeast of
Montezuma in Summit County, Colorado, and 8 miles east of Keystone, Colorado. The project has been
guided by EPA, U.S. Forest Service (USFS), and Colorado Department of Public Health and
Environment (CDPHE). The information contained in this document was provided by stakeholders
including CDPHE; EPA; Colorado Division of Reclamation, Mining, and Safety (CDRMS); U.S. Fish
and Wildlife Service (USFWS); and the U.S. Geological Survey (USGS). UOS did not review the data for
accuracy or interpret results.
It should be noted that this compilation is based on recent data and not representative of all historical
investigations conducted in the Upper Snake River watershed over the years. A more extensive evaluation
of water quality trends based on the historical data is ongoing and will be reported in a comprehensive
report. A comprehensive list of studies, including a bibliography with links to many documents, can be
obtained by visiting the Snake River Watershed Taskforce website at http://snakerivertaskforce.org.
2.0

BACKGROUND AND SITE DESCRIPTION

The abandoned Pennsylvania Mine site consists of numerous adits, waste rock piles, and mill tailings.
Current site features include the collapsed Level C and Level F portals, an approximately 400-square-foot
cinder block building formerly used for water treatment pilot studies, buried piping that formerly
transported water from the adit to the treatment area but is currently believed to be plugged vsdth metal
precipitates, a sedimentation pond, two constructed wetlands, and a dilapidated mill building. A large
waste rock dump is located near the Level F portal. Infiltration through the waste rock and tailings along
with an adit that drains onto and through a downgradient waste pile iare major sources of metal
contamination to adjacent Peru Creek (CDPHE 2008a). The metal-laden water from these sources
discharges into Peru Creek, which feeds into the Snake River and ultimately Dillon Reservoir. Both Peru
Creek and the Snake River are listed on the Colorado 303(d) list of impaired water bodies (CDPHE
2008b).
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Previous studies have shown the impacts to surface water from the Pennsylvania Mine site. Peru Creek is
the tributary contributing the largest metals load to the watershed (Steele 2004). Data collected by EPA
from 2006 through 2009 show that the water quality in Peru Creek dramatically degrades downstream of
the Permsylvania Mine site (Appendix C and E). Two source areas. Cinnamon Gulch and Warden Gulch,
plus lateral flows emanating from near the Peimsylvania Mine site, were identified as contributing
significant non-point source contamination to Peru Creek and the Snake River. Metal concentrations rise
in Peru Creek in the vicinity of the Permsylvania Mine and also increase downstream past Cinnamon
Gulch and Warden Gulch until the confluence with Chihuahua Gulch, which provides dilution to the
stream. The reach from Cinnamon Gulch to below Warden Gulch is the largest contributor to metals loads
in Peru Creek and includes both discrete and diffuse sources (Steele 2004).
Natural sources also contribute to contamination in Peru Creek. Historic data show that water quality in
Peru Creek is affected by zones of diffuse and imidentified naturally occurring acid rock drainage (ARD)
related to extensive alteration of country rock directly associated with the ore deposits (CDPHE 2008a).
Sections of Peru Creek and the Snake River are coated in metal hydroxides, primarily iron and aluminum
hydroxides, which precipitate out of solution as inflow from pristine tributaries raise the pH ofthe stream
water. This occurs both upstream and downstream ofthe Peimsylvania Mine site (CDPHE 2008a).
Elevations range from 9,000 feet above mean sea level (amsl) along the Snake River to 14,270 feet amsl
on Gray's Peak (USGS 1974). The site ground elevation ranges from 10,900 feet amsl at the lower level
where mine tailings have been revegetated to 11,800 feet amsl at the Silver Spoon Mine. The underlying
geology of the watershed contains entirely non-calcareous rock types (Staley et al. 2008), resulting in
limited buffering capacity ofthe waters to the effects of dissolved metals to aquatic biota. The bedrock
geology found within the study area tends to weather into coxirse sediments (cobbles and boulders) rather
ttian silts and clays (Staley et al. 2008). Additional infonnation on regional characteristics including
geology, hydrogeology, and hydrology can be foimd in Appendix A.
3.0

PREVIOUS INVESTIGATIONS

Many investigations have been performed to evaluate environmental conditions in the Peru Creek
watershed. Appendix B includes a brief, non comprehensive, suirmiary of previous investigations. In
general, the information from these investigations is not included in the discussion of this report, and it is
possible that data from the previous investigations are contrary to the data reported in this document.
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SUMMARY UPDATES OF RECENT AND CURRENT INVESTIGATIONS

This section presents summaries of current or recent studies that have been performed to characterize site
conditions. Each section contains data and conclusions provided by the entity that completed the study.
Many of the studies have been in progress for many years and are still ongoing. The descriptions may not
include the riesults and conclusions from previous sampling events or similar investigations. The
following updates are considered preliminary and subject to change.
The studies were categorized into surface water characterization, groundwater characterization, and
source characterization. When a study overlaps categories, it is presented in the most applicable category.
4.1

SURFACE WATER CHARACTERIZATION

The following sections describe recent and current surface water characterization studies in the
Peru Creek and Snake River drainages.
4.1.1

Surface Water Monitoring

EPA has conducted surface water sampling and analysis in the vicinity of Pennsylvania
Mine since 2006. Water is collected from monitoring locations in Peru Creek, the Snake
River, and Peru Creek tributaries and source waters. Samples are analyzed for total and
dissolved metals, pH, specific conductance, and dissolved oxygen. Sample locations are
shown in Appendix C. Data are available in EPA's Pennsylvania Mine Scribe database
and Charts averaging the individual metals data collected between 2006 and 2009 are
provided in Appendix E.
Data collected by EPA from 2006 through 2009 show that the water quality in Peru
Creek dramatically degrades immediately downstream of the Pennsylvania Mine site
between sample locations SW140 and PC4 (Appendix C and E). Comparison of the
concentrations to Colorado water quality standards (WQS) indicates that downstream
water quality exceeds acute and chronic WQS for cadmium, copper, and zinc during all
times of year. Manganese and lead concentrations exceed the chronic WQS at
downsfream locations during all times of year and manganese concentrations also exceed
acute WQS during low flow months. Aluminum concentrations also increase
significantly downsfream ofthe Pennsylvania Mine, but there is not a WQS for dissolved
aluminum in Peru Creek. When compared to the total recoverable aluminum WQS
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standards, the dissolved aluminum concentrations typically exceed the chronic and acute
standards at downsfream locations.
4.1.2

Macroinvertebrate Monitoring

Information in this section was provided by the White River National Forest, Eagle Holy
Cross Ranger District (Groves 2010).
Macroinvertebrate monitoring was conducted by a White River National Forest, Eagle
Holy Cross Ranger District fisheries biologist during July and September 2007 and
September 2009. Monitoring locations were selected by EPA to coincide with surface
water sampling sites. Monitoring was conducted in the Snake River, major tributaries to
the Snake River, and in Peru Creek both upsfream and downstream of the Pennsylvania
Mine and Warden Gulch discharge points (Appendix C).
The results of the study point to multiple chronic sources of water quality degradation
throughout the Upper Snake River watershed. While this analysis was specifically
focused on the influence of Pennsylvania Mine and Lower Warden Gulch Mine on the
aquatic macroinvertebrate communities in Peru Creek, comparison ofthe study sites with
reference conditions established during the study revealed that there are watershed-scale
impacts due to surface-water metal loading from toxic or heavy metal laden soils. It
would be expected that clean water tributaries would dilute the concentrations of
dissolved metals in Peru Creek and the Snake River; however, macroinvertebrate data
from 2007 and 2009 indicated little to no improvement at sites located downsfream of
clean water tributaries. Of all the sfreams sampled within the study area, only Chihuahua
Gulch, Deer Creek, North Fork Snake River, and Saints John Gulch (one of the
monitoring locations) macroinvertebrate communities did not reflect impacts from
elevated metals concentrations.
Regardless of water quality impacts in reaches of Peru Creek upsfream of the
Pennsylvania Mine, discharges from the mine appeared to result in increased toxicity to
aquatic organisms downsfream. The effects of Lower Warden Gulch Mine discharge on
aquatic macroinvertebrate commimities were more difficult to distinguish. While there
was a significant increase in density at some sites on Peru Creek and the Snake River, all
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sites remained in a diminished sfream health condition for the macroinvertebrate
community.
The study by the Forest Service biologist concluded that based on available information,
any attempts to reduce the loading of aluminum, copper, manganese, and zinc from
Lower Warden Gulch and the Pennsylvania Mine to surface waters may improve aquatic
biotic integrity within the watershed.
4.1.3

Fish Studies and Toxicity Tests

Information documented in this section was provided by Robyn Blackburn/USFWS
Liaison to EPA (Blackburn 2010) and Dr. Andrew Todd, USGS. Fish population survey
data are available upon request through the Colorado Department of Wildlife or USGS.
Laboratory data associated with site specific toxicity testing were presented in the 2008
Preliminary Altematives

Analysis and is available upon request from EPA. A

comprehensive biology report is in preparation.
Resident, reproducing populations of brook trout have been documented in several major
tributaries to the Snake River (Deer Creek, North Fork of the Snake River) and Peru
Creek (Chihuahua Gulch). Trout fisheries were also documented in the Snake River
upstream of the confluence with Peru Creek and downsfream of the confluence with the
North Fork Snake River. During summer 2008 and summer and fall 2009, fish surveys
were conducted in the Snake River to characterize the fish population in these two
segments ofthe Snake River.
Based on the recapture in fall 2009 of brook frout that were fin-clipped in 2008, the
population of brook frout in the Snake River above Peru Creek appears to remain resident
year-round. Only a few brook frout were captured in the Snake River below the North
Fork Snake River confluence during 2009, and no brook frout were yielded in this sfretch
during the previous two fish sampling events. This may have been due to an extensive
fish kill in the summer of 2007 after a large storm event appears to have caused a
blowout at the Pennsylvania Mine producing a significant load within Peru Creek. Based
on the fall 2009 recapture of only a few ofthe rainbow trout fin-clipped during 2008, the
population of rainbow trout (more sensitive to acid rock drainage than brook frout) in the
Snake River below the North Fork appears to have limited survival.
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In addition to the fish surveys, site specific aquatic toxicity tests and simultaneously
conducted reference toxicity tests were completed on the same source of neonate fish.
The results suggest that site waters may be less toxic than the reference tests evaluating
the toxicity of individual contaminants such as zinc indicate. This decrease in acute
toxicity likely steins from mitigating chemical influences within the site water. It should
be noted that water quality parameters vary temporally and that significantly lower
toxicity in the Snake River waters relative to the toxicity measured in the metal-specific
reference tests cannot be assumed.
Sediment toxicity tests conducted in 2008 on trout were inconclusive due to high
mortality in test confrols. Evaluation of sediment chemistry and sediment toxicity data is
ongoing.
The combination of toxicity testing and fisheries survey data suggests that tolerance to
ARD in the Snake River follows the same hierarchy as demonsfrated in the zinc acute
toxicity test results (brook frout > brown frout > rainbow trout). In addition to surface
water toxicity, a potential additional limiting factor vlthin the system is the depleted
macroinvertebrate forage base that likely results from both sediment toxicity (a chemical
limitation) and intermittent microhabitat elimination due to embeddedness (a physical
habitat limitation).
Qualitative macrohabitat surveys within the Snake River watershed suggest that
macrohabitat is not a primary limiting factor for salmonids; however, USFS surveys
indicate seasonal depression of macroinvertebrate abundance and diversity.
Since the dissolved metals concentrations in the Snake River between Peru Creek and the
North Fork Snake River are frequently less than twice the concenfration in ARDimpacted reaches that support brook frout populations, incremental reduction in dissolved
metal concentrations might facilitate fish survival throughout the Snake River. Reducing
metal loading enough to allow fish survival in the Snake River between Peru Creek and
the North Fork would benefit downsfream reaches and could facilitate the connection of
frout populations present above and below this reach.
Semi-quantitative surveys of macrohabitat and microhabitat and fish sampling are
planned for summer 2010.
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Although no improvement at sites located downstream of clean water tributaries was
documented during the macroinvertebrate study, USFS concluded that any attempts to
reduce sources of contamination to surface waters from the Lower Warden Gulch and
Permsylvania Mine may improve aquatic biotic integrity within the watershed. The recent
fish survey data indicate that reducing metal loading enough to allow fish survival in the
Snake River between Peru Creek and the North Fork Snake River would benefit
downstream reaches and could facilitate the connection of frout populations present
above and below this reach.
Complex geochemistry and site-specific biological conditions prevent any definitive
conclusions related to establishing fish populations in segments that are currently devoid
of fish. However, there are several factors that suggest that reducing metals loading may
improve or expand fish habitat and aquatic integrity in the Snake River below the
confluence with Peru Creek:
Fish surveys have been conducted through the study area and indicate that a fish
population occurs year round in the Upper Snake River above the confluence of Peru
Creek (near location SW-047). Fish are also known to occur in the Snake River just
below the confluence of the North Fork of the Snake River. Although fish below the
North Fork were essentially wiped out after a 2007 storm event, based on latest survey
results from summer 2010 the population appears to be recovering. Thus, fish populations
occur above and below the reach in the Snake River that is currently devoid offish.
Site specific laboratory toxicity testing associated with three trout species (brown, brook,
and rainbow) indicate that a reduction of metals load to below 800 ug/L would allow for
the least sensitive species, brook frout, to survive. (EPA laboratory tests indicate acute
LC50 is approximately 780 |ig/L for brook frout.) The acute survival result is supported
by surveys that show an existing brook population that was observed to occur year round
in the Upper Snake River (Location SW-047) just above the confluence with Peru Creek,
where zinc concenfrations ranged from 193 jig/L to 1070 fig/L depending on the time of
year.
Zinc concentrations in the Snake River segment below the confluence of Peru Creek and
the Upper Snake River (SW-050) range from 546 |ig/L to 1390 ug/L. Water chemistry at
the upstream location, which contributes a good portion of the volume and flow in the
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downsfream Snake River segment, indicates the site-specific conditions may be
ameliorating the toxicity from metals effects. This observation is based on the fact that
fish exist in conditions at SW-047 with zinc concentrations up to 1070 ug/L, which is
above the site-specific acute LC50 (780 ug/L
Observations of the macrohabitat at the Upper Snake location and the Snake River below
the confluence of Peru Creek (SW-050) suggest similar habitat conditions and are
considered by biologists to be suitable habitat (e.g., flow, gradient, cover, etc). The
results of the macroinvertebrate survey study completed by USFS suggest that there is
marginal habitat and limited diversity of macroinvertebrates throughout the study area,
including SW-047 where fish survive year round. The results suggest that fish are able to
survive even though macroinvertebrate populations appear to be marginal. Qualitative
surveys of the segment below the confluence of Peru Creek indicate that macrohabitat is
comparable, and insfream macroinvertebrates are similarly marginal throughout the river
reaches with and without fish. Therefore, the evidence suggests that if zinc concenfrations
are reduced to a similar concenfration, then it is reasonable to expect fish to survive at
this location wdth similar habitat.
It is thus postulated by professional biologists that the year-round existence of brook frout
in segments wiih elevated zinc concentrations and marginal supporting habitat conditions
is a gauge of potential for fish survival in other segments with similar habitat conditions.
4.1.4

Peru Creek and Cinnamon Gulch Loading Analysis

TTte information presented here was provided by Rob Runkel/USGS.
USGS and CDPHE performed a tracer study with synoptic sampling to develop detailed
loading profiles that will be used to attribute metal loading to specific sources within the
Peru Creek and Cirmamon Gulch watersheds. Synoptic sampling was performed in Peru
Creek on September 11, 2009 and in Cinnamon Gulch on September 15, 2009.
Preliminary results for the Peru Creek sfretch are the only results currentiy available.
These data were used to determine the relative contributions of the Pennsylvania Mine
Level F, the wetland area, and Cinnamon Gulch to metal loads in Peru Creek.
Metal concentrations in sampled inflows generally exceeded Peru Creek concentrations,
causing insfream concentrations and loads to increase along most of the study reach.
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Preliminary results (subject to change) indicate that 30 percent to 60 percent of the
aluminum, cadmium, copper, and zinc loads in Peru Creek come from Level F of the
Pennsylvania Mine; 20 percent to 35 percent ofthe metals loads come from the wetland
area (some of this load may be attributable to leakage from Level F to the wetlands area);
and 15 percent to 45 percent ofthe metals loads come from Cirmamon Gulch (Appendix
D). Approximately 60 percent of the lead load comes from Cinnamon Gulch and/or the
Brittle Silver Mill. The data analyzed to date suggest that most of the lead is coming from
the Brittle Silver Mill area rather than Cinnamon Gulch (Runkel 2010).
4.2

GROUNDWATER

The following studies were performed to enhance the understanding of groundwater flow and the
interactions between surface water and subsurface water. Groundwater contamination and
contaminant fransport are also discussed.
4.2.1

Wetland Contaminant Flow Study

The information presented here was provided by Rob Runkel/USGS.
Principal component analysis was conducted by USGS using groimdwater and pore water
data to determine the spatial and depth variability of metal concentrations in the wetland.
The following conclusions were developed from the data.
•

Cadmium concenfrations are greater in groundwater at depths between 15 and 40
feet than in groundwater and pore water at depths less than 15 feet.

•

Zinc concenfrations are generally greater in groundwater at depths between 15
and 40 feet than in groundwater and pore water at depths less than 15 feet.

• fron concenfrations are greater in shallow wells and pore water (depths less than
15 feet) rather than in deeper wells (15 to 40 feet deep). The pattem is different
than for cadmium and zinc, possibly due to the effects of low dissolved oxygen
concentrations associated with dissolved organic matter in the wetland.
The cadmium data suggest that upwelling of deeper contaminated groundwater into the
wetland and Peru Creek is the main contributing source of metals to Peru Creek rather
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than contaminated sediment from the wetlands. The zinc data support this conclusion;
however, not as sfrongly as the cadmium data (Runkel 2010).
Matrix plots of the groundwater geochemical data were prepared and indicate that a twosource mixing model might explain the chemical variation in the samples. Results
indicate that well GWl (located at the Permsylvania Mine Adit level F) and/or well Cl
(located at the Pennsylvania Mine level C workings) may represent the more
contaminated source. Wells PMMW02 and GW07 (both located in the wetland area) do
not appear to fall on the mixing lines ofthe mixing model (Runkel 2010).
4.2.2

Fluorescent Dye Tracer Study

The information presented in this section was provided by Mark Rudolph/CDPHE.
On September 10, 2009, CDRMS and CDPHE personnel injected fluorescent dye tracer
at three locations near the Pennsylvania Mine site to determine groundwater flow and
connectivity. The following dye tracer was injected into the following wells (Figure 1).
Injection Well

Dve

Location

GWl 1

AY73

Alluvial groundwater in upper Cinnamon Gulch

FID

AR87

Flooded workings ofthe Pennsylvania Mine

Cl

AR52

Level C workings ofthe Pennsylvania Mine

After the injection, 18 groimdwater wells, 7 surface water locations, and 3 adit discharge
locations were monitored for positive detections of dye.

Of these locations, four

groundwater wells had positive detections of dye.
Monitoring Well

Location

PMMW02

Wetland, approximately 55 feet below ground surface (bgs)

PMMW03

Wetland, approximately 30 feet bgs

FLl

Immediately upgradient of the Giant Waste pile near Level F of the
Pennsylvania Mine (40 feet bgs)

FlC

Bedrock above the F Level workings (55 feet bgs)
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Preliminary results indicate that dye injected into the Level C workings (Cl) and upper
Cinnamon Gulch alluvium (GW-11) were present in both the deep and shallow wetland
wells (PMMW02 and PMMW03) and the well located upgradient ofthe Giant waste rock
pile near Level F (FLl), indicating hydrologic connection between the wells. In addition,
dye injected into the Level C workings (Cl) was observed in the bedrock above the Level
F workings (FlC), indicating that these wells are hydrologically linked (Rudolph 2010).
4.2.3

Uranium-Series Data

The following data were provided by Gareth Davies/CDPHE (Davies 2010).
During the fluorescent dye tracer study, uranium-series and geochemical data were
collected. The uranium-series and geochemical data are being used to analyze and
interpret groundwater movement in Cinnamon Gulch. A series of uranium-series plots
was prepared using data from two separate sampling events that occurred in August and
December of 2009. In general, elevated uranium concentrations in water at this site
indicate contact with the ore body or mixing with water that has contacted the ore body.
Samples with lower uranium concentrations indicate that more fresh water is present.
Results from the two sampling events had significant differences. Preliminary results
indicate that water in well GW4, located in the wetland area, had more uranium during
December than during August. A mixing plot indicates that water in GW4 has mixed
with a significant proportion of mine-related water and has become part of a threecomponent mixture with FID water, located in the flooded workings ofthe Pennsylvania
mine, and Cl water, located in the Level C mine workings.
Other locations such as SWl 16 show a lower concentration of uranium in December than
was observed in August. These results could mean dilution with fresh water or that fresh
water has been in contact with the ore body and is discharging along the steepest gradient
into the wetland area. This is supported by the fact that dyes from GWll and Cl are
observed in PMMW02. Some ofthe uranium-series data changes are probably caused by
snowmelt recharge migrating along the steepest gradients along long pathways (GWl 1 to
PMMW02). Although most of the changes are from dilution by fresh water, some of the
changes in activity ratio suggest leaching of excess ^^''U.
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During this investigation, the principal chemical components were also analyzed by
preparing a Schoeller plot of all of the available data. The data show that steeper
gradients predominate. Even if there are workings near a pathway, if the workings
pathway is associated with a shallower gradient than the overall gradient, there will
probably be more discharge directly to the wetland along the steeper gradient than out of
the adit.
Finally, the potassium:sodium (K:Na) ratio was calculated to attempt to separate deep
groundwater from shallow water. The K:Na ratios confirm the fluorescent dye tracer data
and uranium data that indicate that fresh snowmelt water has discharged and is following
a pathway along the steepest gradient.
4.2.4

Conceptual Model for Groundwater Flow

The following conclusions were made by Mike Wireman/EPA groundwater specialist
based on one round of stable water isotope/tritium data and two rounds of uranium
sampling (Wireman 2010). The data were not provided for this summary.
In general, groundwater flow in the area occurs according to "classic" conceptual model
where recharge in upper parts ofthe basin occurs from snowmelt and rainfall infiltration.
The water flows downgradient toward perennial sfreams where discharge occurs
vertically upward through the sfream bottom and adjacent alluvium and wetlands. The
tritium data indicate that the time from recharge to discharge is 5 to 15 years. One well in
the wetland (PMMW04) contained much older water consistent with a subsurface travel
time greater than 50 years, and another wetland well (PMMW02) contained a significant
amount of bomb spike water from the 1960s. These results indicate the presence of
upward-moving groundwater discharging from the valley bottom along a flow path that
has a travel time greater than 50 years.
The data indicate a fafrly well-mixed hydrologic system with significant interaction
between adit water, shallow groundwater, water in the waste rock wells, and surface
water.
Identical *'0 and tritium data indicate that well FID and the Permsylvania Mine Level F
portal represent the same water. The '*0 value for the Level C adit sample was more
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enriched than the samples from the other adits, perhaps indicating the presence of rain
water in the Level C discharge.
The surface water samples have more depleted '^O than the adit waters, which may
indicate that the surface water in Peru Creek represents base flow consisting of
groundwater, while the adit discharges consist of a mixture of relatively recent snowmelt
and rain. Samples from upper and lower Cinnamon Gulch showed no change in isotopic
content, indicating that there are no inflows of dissimilar water in this reach.
'^O values for the six seeps range from somewhat enriched to somewhat depleted,
indicating the mixing of different waters.
4.2.5

Development of Site Conceptual Model

URS Corporation was tasked to review, summarize, and evaluate existing groundwater
data and identify data gaps, and recommend additional groundwater monitoring locations.
URS Corporation was also tasked characterize hydrogeology and subsurface mine
geometry to better evaluate pathways for additional flow that could enter the underground
workings, evaluate groundwater flow pathways in the vicinity of the underground
workings and around the portals, and prepare a technical memorandum describing the
available data and conceptual hydrogeologic model to support site remediation decisions.
Data and a preliminary site conceptual model were presented to the stakeholder group in
spring 2010. This work was halted by EPA in March 2010.
4.3

CONTAMINANT SOURCE INVESTIGATIONS

The following sections describe data regarding contaminant sources at and near the Pennsylvania
Mine site. To be complete, the waste rock and tailings and the adit discharges are mentioned even
though recent data are not available or have not been provided. The only current study described
here is an investigation of the mine workings to determine the potential need for conducting an
in-mine investigation.
4.3.1

Waste Rock and Tailings

Data regarding the waste rock and tailings located at and near the Pennsylvania Mine site
were gathered during the CDPHE Site Investigation (CDPHE 2007) and are summarized
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in the Draft Engineering Evaluation/Cost Analysis for the Pennsylvania Mine Removal
Project. Approximately 33,240 cubic yards (cy) of waste rock is present at five locations:
1,860 cy at the Brittle Silver site, 2,750 cy at the El Jebel site, 7,930 cy at tiie Decatiir
Tovm site, 11,200 cy at Pennsylvania Mine Level F, and 9,500 cy at Pennsylvania Mine
Level C (Tram Mill site). Volume estimates were performed by EPA using Geographic
Information System (GIS) techniques and have not been field verified.
4.3.2

Adit Discharges

CDRMS has been collecting Pennsylvania Mine Level F adit discharge data, and EPA
has been collecting adit discharge water quality data using mini-sippers; however, a
summary of the adit discharge data and interpretation of the data were not provided.
This is key site data, so data that were available for

the Draft Engineering

Evaluation/Cost Analysis for the Pennsylvania Mine Removal Project are presented as a
placeholder.
Adit discharges are a direct source of contaminants into the system and act to mobilize
contaminants from the mine waste deposits as the water passes over and through the
rock/soil. The largest adit discharge comes from the Pennsylvania Mine Level F. The
water flows over waste rock and site soils prior to entering Peru Creek. Water that flows
over waste rock likely increases in metal concentrations (with the exception of iron and
arsenic) prior to entering Peru Creek as the water interacts with sulfide minerals. Studies
performed prior to 2007 indicated that the Pennsylvania Mine discharge flow rate varied
from around 20 to 40 gallons per minute (gpm) during low months to a peak flow of 150
to 300 gpm during spring runoff (Northwest Colorado Council Of Govemments
[NWCCOG] 2006). Boulder Innovative Technologies (BIT) collected the most
comprehensive mine flow data during work in the 1990s. The study indicated that during
1993, the adit discharge flow varied seasonally from 30 gpm during May to 180 gpm in
June at peak runoff (BIT 1994).
Pennsylvania Mine monthly discharge water quality data were collected by BIT (BIT
1994). Significant exceedances of Colorado WQS for aluminum, cadmium, iron, lead,
inanganese, and zinc were apparent. Exceedances of Peru Creek WQS range from 20- to
50-fold for cadmium, manganese, lead, and zinc to 120-fold for fron to 300-fold for
aluminum. EPA conducted several sampling events at the Pennsylvania Mine from 2006

TDD No. 0901-11
T:\START3\Pennsylvania Mine - RIFS\FinalSummaiyRepoit\ReportSumiiiaiy.doc

URS Operating Services, Inc.
START 3, EPA Region 8
Contract No. EP~W-O5-O50

Pennsylvania Mine Rl/FS - Summary Report
Revision: 0
Date: 09/2010
Page 15 of 21

through 2009 to characterize current discharge water quality. Generally, the recent EPA
data show good agreement with BIT data. The discharge from the Pennsylvania Mine adit
significantly exceeds WQS for aluminum, cadmium, iron, lead, manganese, and zinc.
4.3.3

Mine Workings Investigation

The following information was reported by Jeff Graves of CDRMS.
During the summer of 2009, CDRMS completed a drilling investigation of the mine
workings and the Level F waste rock pile. The goal of the project was to gain a better
understanding of the location and condition of the various underground workings and
how groundwater moves within the workings. The information may also be used to assist
in developing and evaluating potential source confrol altematives.
Four borings were completed approximately 200 feet uphill from the level F portal in an
attempt to intercept the crosscut in competent rock. One of these borings intercepted the
northeast rib of the crosscut at approximately 60 feet bgs. The workings were open but
flooded at that location. One bedrock boring and the boring that intercepted the mine
workings were completed as monitoring wells, FID and FlC, respectively.
Three borings were completed at various locations around the waste pile outside of Level
F and monitoring wells FLl, FL2, and FL3 were installed at all three locations. At the
time of drilling, water was in excess of 20 feet below the bottom of the waste rock pile.
Data logging pressure transducers were installed in the wells to determine the seasonal
fluctuation in the groundwater table and the likelihood of groundwater interaction with
the waste pile.
One boring was completed uphill of the Level C portal in an atten:q)t to intercept the
crosscut and detenmine the condition of the mine workings at this location. The first
boring intercepted the crosscut at approximately 65 feet bgs. The workings were open
and nearly filled with water. Monitoring well Cl was installed for use in fiiture site
investigations.
The investigation revealed that significant water is impounded behind both portal
collapses at Level C and F, but within 200 feet ofthe portal on Level F and 80 feet ofthe
portal on Level C, the crosscuts are open. This suggests that re-establishing access to the
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underground workings and performing an underground investigation is feasible.
Establishing access through either portal will involve rehabilitation of existing collapsed
entries and crosscuts, or driving new entries to intercept open mine workings. One
significant challenge, especially at Level F, will be dewatering and treating the
impounded water behind the collapsed portal. Entry into Level C could likely be
accomplished with less significant water tteatment and rehabilitation based on the initial
investigation. Underground investigation of both Level F and Level C will be necessary
to adequately evaluate the potential for source control inplementation (Graves 2010).
5.0

STATUS

One of the main goals of the current activities is to determine the factors and sources contributing to the
impaired water bodies for potential remediation purposes. Continued work is required to further delineate
the extent of each source and to finalize the results and conclusions; however, the following information
is consistent in the preliminary data documented in this report:
5.1

WATER QUALITY

As with the historical data, the current studies summarized here indicate that both Peru Creek and
the Snake River are impafred water bodies. The results of the macroinvertebrate monitoring
indicate that there are multiple points of chronic sources of water quality degradation throughout
the Upper Snake River watershed.
Although no improvement at sites located downsfream of clean water tributaries was documented
during the macroinvertebrate study, USFS concluded that any attempts to reduce sources of
contamination to surface waters from the Lower Warden Gulch and Pennsylvania Mine may
improve aquatic biotic integrity vsdthin the watershed. The recent fish survey data indicate that
reducing metal loading enough to allow fish survival in the Snake River between Peru Creek and
the North Fork Snake River would benefit downsfream reaches and could facilitate the
coimection of frout populations present above and below this reach.
5.2

GROUNDWATER AND SURFACE WATER FLOW

The groundwater system is mainly recharged by infiltration of snowmelt. The data indicate a
fafrly well-mixed hydrologic system with significant interaction between adit water, shallow
groundwater, and surface water.
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The 2009 fluorescent dye tracer study indicated that the wetland is connected to Cinnamon Gulch
and Pennsylvania Mine Level C. This conclusion is supported by the uranium-series data.
The loading study indicated that loading in Peru Creek comes from Level F of the Pennsylvania
Mine, the wetland area, and Cinnamon Gulch; although much of the loading in the wetiand may
be attributable to leakage from Level F.
6.0

STRATEGY

The following information was reported by stakeholders in the Penn Mine Strategy Document.
The Pennsylvania Mine is developed on six different "levels" designated A through F, with A being the
highest in elevation and F at the bottom. Mine maps indicate that levels A through F are interconnected
with vertical workings consisting of raises and stopes. Collapsed portals are located at levels B, C, and F,
and originally provided access to the underground workings. Portals C and F were developed as crosscuts
to intercept the northeasterly trending vein undemeath Decatur Mountain. The first 150 feet of Level F
was driven through unconsolidated material necessitating significant timbering to support the ground, and
has subsequently collapsed. Currently, no access to the underground workings is possible.
Significant amounts of water discharge from the collapsed portal at Level F and eventually reach Peru
Creek. Discharge from the portal varies from around 40 gallons per minute (gpm) to well over 100 gpm,
with apparent storm induced blowcut events exceeding 1 cubic foot per second (cfs). A recent blowout
event has been linked to a major fish kill in the Snake River near Keystone, Colorado.
Numerous studies and sampling events conducted along Peru Creek in the vicinity of the Pennsylvania
Mine have indicated that a significant load and metals source is unaccounted for or assigned. The
unknown source located between the Pennsylvania Mine discharge and Ciimamon Gulch has typically
been termed "Penn Mine Tailings" or "wetland," but some evidence suggests that the unknown source
may be associated with the Pennsylvania Mine workings. The dye tracer tests recently conducted at the
site indicate a subsurface coimection between Level C and F workings of the Pennsylvania Mine and the
wetlands area along Peru Creek. Analysis of chemistry data associated with Level C, Level F, wetland
groundwater wells, and wetland seeps suggests that water associated with the Pennsylvania Mine could
account for loading from the wetlands area.
Analysis of the existing data reinforces the idea that a significant component of flow from the
Pennsylvania Mine workings (specifically Level F) is not being measured at the surface discharge point.
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but is traveling subsurface through the colluvium to the wetlands and discharging into Peru Creek. Since
Level F was driven approximately 150 feet through unconsolidated material prior to intercepting bedrock,
ample opportunity for leakage into the colluvial aquifer exists. Additional wells and dye sampling
planned for summer 2010 will help to confirm this theory, but verification of this theory may be possible
only through actual underground exploration and investigation ofthe mine workings.
Establishing access through either portal into the Pennsylvania Mine will require rehabilitation of the
existing collapsed portals and crosscuts, or driving new entries to intercept open mine workings. Initial
drilling investigations were conducted during summer 2009 to begin determining the feasibility of
accessing the underground workings. Subsurface drilling indicated that both Level C and F crosscuts were
relatively open, and that significant mine pools were impounded behind the collapsed portals. The open
nature of the crosscuts at the drill locations suggests that underground investigation of the mine working
might be possible if the portal collapse could be removed and open entries established. Additional drilling
and underground borehole surveying anticipated for summer 2010 will help to delineate the extent of
collapse along both crosscuts, thereby providing design guidance and more accurate anticipated costs for
portal rehabilitation.
Numerous challenges would be associated with rehabilitating portals at Level C and F to allow for
underground investigations. Reestablishing a caved crosscut presents both technical and financial hurdles
based on anticipated and unanticipated rock and tunneling conditions, the linear extent of tuimel requiring
rehabilitation, and the effects of impounded mine pool water on safety and progress. One of the most
significant challenges is the need to release impounded water from behind the portal collapses prior to or
during rehabilitation operation.
As previously mentioned, one of the intents of underground exploration within the Pennsylvania Mine
workings is to sufficiently establish the amount of loading resulting from water exiting the mine.
Establishing access into the underground workings will allow for an investigation of source confrol
remedy implementation. Source confrol remedies generally involve the reduction of loading or "source"
resulting from contact and contamination of groundwater with sulfide rich mine workings. A reduction of
loading through source confrols at the Permsylvania Mine would reduce the long-term scope and need for
freatment of mine effluent. Source confrol remedies at the Pennsylvania Mine might involve segregation
of clean/dirty water, surface infiltration confrols, or bulkhead construction, among others. Underground
investigation is the only adequate way to effectively evaluate the potential for appropriate source confrol
implementation.
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One consideration regarding source control implementation is the installation of a "flow-through"
bulkhead to reduce potential blowouts and catastrophic releases from the Pennsylvania Mine. Previous
blowouts at the Pennsylvania Mine have resulted in fish kills downstream and significant load increases
within Peru Creek that could have been reduced or eliminated with a blowout preventing bulkhead. This
type of bulkhead would allow inflows of water to be impounded within open mine workings and metered
out through the bulkhead, thereby reducing any surges that might have resulted in a blowout or release.
Additionally, this type of bulkhead could be designed to eliminate most discharge from the mine
workings and function as a "watertight" plug. Additional investigation would be required to determine the
effectiveness and ramifications associated with that approach. Other mine sites have effectively
implemented a watertight bulkhead approach to reduce or eliminate mine discharge.
Regardless of the eventual remedy selected for the Pennsylvania Mine discharge, access to the
underground workings will be necessary to effectively evaluate the most cost-effective and practical longterm solution.

TDD No. 0901-11
T:\START3\PennsyIvania Mine - RIFS\FinaISumniaryRcpoit\RcportSummaTy.doc

URS Operating Services, Inc.
START 3, EPA Region 8
Contract No. EP-W-05-050

7.0

Pennsylvania Mine RI/FS - Summary Report
Revision: 0
Date: 09/2010
Page 20 of 21

REFERENCES

Blackburn, Robyn.

2010.

Email from Robyn Blackbum, EPA. Update on Factors Influencing

Restoration Potential of Fisheries in the Snake River Watershed. May 24, 2010.
Colorado Department of Public Health and Environment (CDPHE). 2008a. Hazardous Materials and
Waste Management Division. Final Analytical Results Report for Site Inspection. Ciimamon Gulch and
Pennsylvania Mine Site, Summit County, Colorado.
Colorado Department of Public Health and Environment.

2008b. Sfream Classifications and Water

Quality Standards - Regulation 33. Updated August 11, 2008.
Davies, Gareth. 2010. Update (Uranium-Series Data). May 21, 2010.
Graves, Jeff. 2009. Pennsylvania Mine Drilling Investigation. August 2009.
Grove, Matt. 2010. Draft Pennsylvania Mine and Lower Warden Gulch Mine, Secondary Assessment Update Report. Macroinvertebrate Monitoring 2007 & 2009. April 20, 2010.
Northwest Colorado Council Of Govemments (NWCCOG). 2006. Pennsylvania Mine - Mine Scarred
Lands (MSL) Demonstration Project, Technology Altematives Analysis.

Rudolph, Mark. 2010. Email from Mark Rudolph, CDPHE. Dye Tracer Tables Update June 12, 2010.
Runkel, Rob. 2010. Email from Rob Runkel, USGS, to Mark Rudolph, CDPHE. Current status ofthe
USGS-CDPHE project for Peru Creek. May 10, 2010.
Staley, D.M., and D.S. Winters. 2008.

Aquatic, riparian, and wetland ecosystem assessment,

anthropogenic influence analysis results: White River National Forest. USDA Forest Service, Rocky
Mountain Region, Lakewood, Colorado.
Steele, Tim.

2004. Water Quality Assessment, Snake River Watershed, Summit County, Colorado.

September 21, 2004.
U.S. Geological Survey (USGS). 1974. 7.5 Minute Topographic Quadrangle, Montezuma, Colorado.
Wfreman, Mike. 2010. Memo: Update on developing Conceptual Model for Groundwater Flow - Penn
Mine Site. May 24, 2010.
TDD No. 0901-11
T:\START3\Pennsylvania Mine - RIFS\FinalSunimaryReport\RepoTtSummary.doc

uses? QSS

V/*

I

pssssasm

SWC2,

Kwcia
KEEEO

^

i^'-'r'.,

-

0338

:m

^f.'i.

.•"J

[Ji^
i jf

IPSiE)
•

Id.

,

.

*

•I

•

"4

v':^
7

/ < f
• J ^ ,

7^

?

i^3^

3_

^

-

Iral
ICI

LpJ

yy

- ^

Y
<
IO«M-2
PC-*73

-i

'^.%*L.

Delaware M i n e " ^ - " ^ I L ' - . ^ M *
^

.

;

:

^
^^«

^1

V/»^
^9||S^

(^-^

Et!^£H''~WcwN3J^i^?/^^

? -VH^

•->^^

URS
OPERATMSannCES

Waste Rock Piles/Sample Locations
Summary Report
Pennsylvania Mine,
SUMMIT COUNTY, CO

.l?r 7
•^V^'v

Source: Merrick Proprietory LIDAR and
Orth-lmagery, 2009

Feet
500

•••CZZZZ^^^E:^:^

250

e

October 2010
sa

APPENDIX A
Site Description

SITE DESCRIPTION
Geology
The Montezuma Mining District encompasses the igneous rocks of the Montezuma stock and the
surrounding rocks that are intruded by the stock. The Montezuma stock itself is primarily
composed of coarse to fine porphyritic quartz monzonite with lesser amounts of aplite. These
rocks are commonly composed of silica and aluminum oxide-bearing minerals. Aluminum oxide
chemically accounts for about 15 to 17 weight percent ofthe total rock mass. The Montezuma
stock occurs as a surface expression of what is probably a much larger batholith size rock mass
below (Lovering 1935).
During the Tertiary Period, the Montezuma Stock intruded the PreCambrian Idaho Springs
Formation. In this district, the Idaho Springs Formation consists of a wide range of granitic and
meta-igneous rocks. It is primarily biotite gneiss near the mine. The mine workings extend along
mineralized zones formed in and along major fractures zones in the PreCambrian rocks. The
Montezuma Shear zone, Thurman Gulch fault, and the Ruby Gulch fault are several of the
prominent faults in the area. Additional faults and fracture zones are present; however, extensive
cover materials of glacial deposits, colluvium, and talus make faults difficult to discem on the
ground.
Mineralization was infroduced by hydrothermal and pneumatolytic fluids, which produced
extensive areas of altered and mineralized rocks that occur around the stock. A large area of
altered, mineralized rocks covers nearly the entire upper basin of the Cinnamon Gulch drainage.
These large areas of hydrothermally altered rocks are the most conspicuous mineralogic feature
of the Montezuma District, occurring not only as altered wall rock around veins, but also as a
large-scale regional phenomenon (Neuerburg and Botinelly 1972). As a result ofthe widespread
alteration, an extensive suite of sulfide and other metal-bearing minerals are disseminated
throughout the Peru Creek drainage (Neuerburg 1971a; Neuerburg 1971b). These minerals,
weather and provide an extensive source of metals and abundant natural acid rock drainage (Sares
2000). Reaction of water and oxygen with the exposed surfaces of metal sulfide minerals in mine
workings, waste rock piles, tailings, and natural fractures generates acid and mobilizes metals in
the hycfrologic system.
Hydrogeology
Groundwater is present in bedrock fractures and in the alluvium beneath stream valleys. In
general, the dfrection of groundwater flow is toward the sfream valleys from the surrounding
rocks at higher elevations. Groundwater level contours are typically a subdued reflection of the
land surface topographic contours, and groundwater flow lines converge toward surface
drainages. However, localized variations in the groundwater flow dfrections are common where
the hydraulic conductivity of the rocks varies substantially over small distances, such as along
faults or inajor fracture zones. Groundwater flow dfrections also depart from the normal
topographic pattem near hydrologic features or structures that cause water to flow into or out of
the groundwater system. For example, groundwater flow dfrections typically converge toward
underground mine workings if those workings intercept the natural topographically driven
groundwater flow system. In essence, the workings create a local sink for flow, which can
overcome the natural gravity-driven flow pattem. The interactions of the groundwater v«th the
surface water are also important in understanding the fate and transport of metal contamination in
the watershed. As acid is generated and metals are mobilized in groundwater, the metals can

migrate via various pathways, where they may affect the surface water. Typical pathways include
shallow fractured bedrock, mine workings, and deep bedrock.
Groundwater well records maintained by the State of Colorado Division of Water Resources,
State Engineers Office were reviewed as part of the EPA 2002 Phase II Site Assessment and
revealed that there were no groundwater wells permitted in the Peru Creek Drainage (UOS 2002).
State records indicate that 79 groundwater wells have been permitted in the town site of
Montezuma, approximately 2.75 miles west, southwest of the Peru Creek Mine site. Montezuma
is located in the valley ofthe Snake River upgradient ofthe Peru Creek confluence, and there is
no known mechanism to pennit mixing of groundwater from the Peru Creek Valley with that
from the Snake River Valley upgradient of the confluence of the two sfreams. Four other
groundwater wells are permitted along the Snake River downstream of the confluence of Pern
Creek with the Snake River within 4 miles of the site (Colorado Division of Water Resources
2001).
Hydrology
The Pennsylvania Mine is in a steep valley that is drained by Peru Creek. Peru Creek flows from
its headwaters near Gray's Peak, Torrey's Peak, Ruby Mountain, Mount Edwards, and Argentine
Peak along the west side of the continental divide south and then east toward the Snake River
(Figure 1). The sfream flow is rapid and carries water from east to west in the vicinity of the
mine. Tributaries to Peru Creek include, from upsfream to downsfream. Cinnamon Gulch,
Warden Gulch, and Chihuahua Gulch. Peru Creek drains into the Snake River approximately 3.5
miles downsfream of the mine and 1 mile north of the town of Montezuma. Tributaries to the
Snake River include, from upsfream to downsfream. Deer Creek, Saint Johns Creek, Peru Creek,
Jones Gulch, North Fork Snake River, Keystone Gulch, Frey Gulch, and Soda Creek. The Snake
River flows into Dillon Reservofr, a municipal water supply for the Denver Mefropolitan area,
approximately 9 miles downsfream ofthe Peru Creek confluence.
There are no dfrect surface water intakes along Peru Creek; however, the Vidler Tunnel
transmountain water diversion owned by the city of Golden is located on Peru Creek upsfream of
Pennsylvania Mine. While no water diversions have taken place recently, the potential for
diversions exists pending the city of Golden's actions and the outcome of possible litigation. If
diversions do occur, removing relatively clean water from the upper portion ofthe watershed, it is
expected that water quality in Peru Creek and the Snake River would decline.
The Keystone Ski Resort removes water from the Snake River for snowmaking from a diversion
near Keystone, dovmsfream of the Peru Creek/Snake River confluence. The Arapahoe Basin Ski
Area has approval to divert water for snowmaking but rarely utilizes it. The Arapahoe Basin
diversion is located on North Fork Snake River. Diverting water from this location could result in
lower Snake River water quality dovmsfream of the confluence with the North Fork because of
the removal of relatively clean dilution water.
The Water Quality Assessment presents typical aimual and seasonal flow rates at three USGS
stations (station 09047500, Snake River near Montezuma, Colorado, located downsfream of the
confluence ofthe North Fork Snake River, period of record July 1942 to September 1946 and
October 1951 to the present; station 09048000, Snake River at Dillon, Colorado, period of record
October 1910 to September 1919 and October 1929 to April 1964; and Keystone Gulch near
Dillon, Colorado, period of record October 1957 to the present) based on long-term data, and
reports aimual flow rates at other stations within the watershed based on more short-term data.

Long-term flow data are not available for stations in the Peru Creek watershed except for station
SW-049 located just above the Snake River confluence (Steele 2004).
Flow is seasonal with considerable variation in flow rates between low-flow and high-flow
regimes, typical of a snowmelt-fed stieam. Maximum flows occur about mid-June and low flows
occur during the winter months. Between 1993 and 2003, Peru Creek at the confluence with the
Snake River had an average flow of about 18.5 cubic feet per second (cfs), with an average high
of 77 cfs during peak flow, and an average low of about 4.6 cfs during low flow. During the same
time period, the Snake River below the confluence of Peru Creek had an average stream flow of
53 cfs with an average high of 220 cfs and an average low of 13.4 cfs. The Snake River below the
confluence of the North Fork Snake River had an average stream flow of 62.2 cfs, with 2002
being the lowest sfream flow of record (Steele 2004).
Dfrect measurements of surface water discharge from Cirmamon Gulch into Peru Creek are
complicated by numerous alluvial fan distributaries at the mouth of this reach. A significant
portion of the total discharge from Cinnamon Gulch into Peru Creek is gained from groundwater
inflow (Wood 2005).
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APPENDIX B
Site History

SITE HISTORY
Mine Site Inventory
Initial mine site inventory work and reconnaissance level water testing in Peru Creek was
performed by the Colorado Geological Survey (CGS) in 1993 as part of an 8-year study of
abandoned mined lands on USFS-administered property. Although this work was focused on
public lands, some of the privately held mining properties impacting adjacent USFS lands and
ultimately affecting Peru Creek were also investigated. Mine site inventory work included site
mapping and on-site measurement of field parameters (pH and conductivity) with limited
constituent water sampling. This study identified two areas of greatly increased environmental
degradation: the entfre Ciimamon Gulch tributary of Peru Creek and the abandoned Pennsylvania
Mine (USFS 1994).
Phase I and Phase U Site Assessment
A Phase I Site Assessment performed by UOS for EPA consisted of a number of synoptic
sampling events spanning Peru Creek from its upper basin (Shoe Basin) to its confluence with the
Snake River. The initial sampling event occurred September 24-25, 2001 and was designed to
establish a baseline prior to the removal of water from the North Fork Snake River for
snowmaking at Arapahoe Basin ski area. Low flow daily loading rates at the mouth of Peru Creek
were calculated. This study also concluded that the majority of metal loading to Peru Creek
occurs in the middle reach in the area of the Pennsylvania Mine, Cinnamon Gulch, and from
seeps along the creek downsfream of Cinnamon Gulch, including Warden Gulch. As in the CGS
study, this first sampling event recognized a large contribution from non-discrete sources in the
Cinnamon Gulch area to total metal loading in Peru Creek. The study also concluded that
although there is some degradation in upper Shoe Basin (upgradient of Pennsylvania Mine
influence), winter season flows are so small that impact on Peru Creek is minimal to non-existent
(UOS 2002a).
Phase n synoptic sampling was conducted on May 21, 2002 and was designed to capture a
snapshot of high flow conditions (UOS 2002b). Discharge in Peru Creek at its confluence with
Snake River was double the vraiter flow; however, both the 2001 and 2002 sampling were
conducted during the longest duration drought period in cenfral Colorado in 100 years. Results
confirm the initial findings that the majority of metal loading occurs in the Pennsylvania
Mine/Cinnamon Gulch area and that Peru Creek above this area is only slightly impacted. When
compared to the Phase I results, Phase n total and dissolved metals concentrations for most
constituents at the confluence of Peru Creek wdth the Snake River were significantly reduced
during the high-flow sampling event. This study removed Chihuahua Gulch from suspicion of
envfronmental degradation.
Water Quality Assessment
The Northwest Colorado Council of Govemments commissioned a water quality assessment as
part of a Section 319 Grant to collate and assess data regarding sfream flow and water quality in
the Snake River watershed. The study also estimated the remediation potential for reducing metal
loads (Steele 2004).

Tracer Experiments
A number of chemical tracer experiments were conducted by graduate students of Diane
McKnight, PhD, Institute of Arctic and Alpine Research (INSTAAR), University of ColoradoBoulder. The fracer experiments helped clarify seasonal and climatic effects on metal loading
through the modeling of metal exchange between the in-sfream and hyporheic zones of Peru
Creek. The experiments ftirther clarified the relationship between metal fransport and loading
during years of drought conditions. The results indicated that Pennsylvania Mine and Cinnamon
Gulch are the major contributors to metal loading Peru Creek and downsfream in the Snake River
basin (CDPHE 2008).
Environmental Site Assessment
In July 2003, American Geologic Service, Inc. (AGS) was contracted by the Summit County
Trails and Open Space Department to complete a Phase I Environmental Site Assessment of
mining features on patent mining claims in the Peru Creek drainage basin. The objective of the
Phase I Assessment was to perform a background/historical investigation and preliminary site
inspections to identify recognized envfronmental conditions that exist on patented mining claims
and USFS property found throughout the basin. Approximately 45 sites were identified during the
Phase I Assessment. A total of 20 of the 45 A O S sites, including the Pennsylvania Mine, were
identified to be high potential sources of contaminant leaching based on thefr potential of being in
contact with either surface water or shallow groundwater via seeps and springs (CDPHE 2008).
Mine Site EKstory and Watershed Characterization
In September 2000, USFS requested that CGS perform a watershed characterization for
Cinnamon Gulch and a more detailed investigation of the smaller mines found there; as well as a
full site evaluation for the Pennsylvania Mine/Mill inventory area. Sites were investigated based
on the results ofthe 1993 abandoned mine inventory. Mine claim records and other documents
were studied to prepare a thorough site history. Field work included a visit to each site, collect
additional samples, and measure sfream flow.
The study concluded the following:
•

Concentrations of numerous metals were elevated in site waters;

•

With some exceptions higher metal concenfrations were generally observed during low flow;

•

t o n and aluminum precipitate out of solution onto the sfreambed in Cinnamon Gulch and
Peru Creek immediately downsfream of Cinnamon Gulch;

•

Most waste rock dumps are acid generating;

•

The lower reach of Cinnamon Gulch appears to be a groundwater discharge zone;

•

Water quality in Peru Creek consistently improves at and below the mouth of Chihuahua
Gulch and

•

A small proportion of water in the basin is discharged from adits, so removing metal
contaminants from adit discharges would remove only a small percentage of the total
contamination in the watershed (Wood 2005).

CDPHE Site Inspection
A Site Inspection of Cinnamon Gulch and the Pennsylvania Mine was conducted by CDPHE in
2007. Samples were collected from 20 mine sites that were identified in the AGS Assessment as
being in contact in with either surface water or shallow groundwater. Mine waste samples were
collected from the sites and analyzed for total metals. Synthetic Precipitation Leaching Procedure
(SPLP) metals, and Acid Base Accounting (ABA). Surface water samples collected from
historical Peru Creek sampling locations were analyzed for total and dissolved metals, sulfate,
chloride alkalinity, and dissolved organic carbon. Surface water samples collected from several
locations were also analyzed for macroinvertebrates, sediment metals, and toxicity to fish.
Groundwater samples were collected from in the vicinity of the wetlands near the El Jebel Mill
Site and Peru Creek (CDPHE 2008).
The study made the following conclusions:
•

Based on the analytical data from the waste source areas, most of the sampled sources contain
high levels of metals, are readily leachable, and are acid generating.

•

There is the potential that significant volumes of shallow groundwater may be discharging to
surface water in Peru Creek.

•

Peru Creek and the Snake River above the North Fork of the Snake River are severely
impacted by discharges of low pH/high metals water related to historic mining in the
watershed. Peru Creek and the Snake River from the confluence of Peru Creek to the
confluence of the north Fork of the Snake River have some aquatic insects, but fish are not
present in these segments. Fish and benthic invertebrate surveys in the Snake River above the
confluence of Peru Creek indicate the presence of aquatic insects and fish species.

It was recommended that future efforts to reduce loading to the watershed should start with
moving source materials out of and away from contact with water and erosional migration
(CDPHE 2008).
Pennsylvania Mine Adit Discharge Treatment Studies
Several studies have been conducted to find an effective means of freating adit discharge from the
Pennsylvania Mine site, where conventional water treatment systems are impractical due to
limited vdnter accessibility (CMLRD 1989; Boulder Innovative Technologies [BIT] 1994;
Volunteers of Outdoor Colorado 1994). In the fall of 1985, the Colorado Division of Mines and
Geology (CDMG) installed a pipeline to carry mine drainage from the adit to a leachline system
buried upgradient of a revegetated tailings wetland (Figure 2). It was intended that the water
would be "freated" in the wetland and that metals would be removed from the water before it
entered Peru Creek. The system was not effective. CDMG studied the Pennsylvania Mine adit
discharge and briefly operated a small semi-passive water freatment faciHty that raised the pH of
the adit discharge by adding powdered limestone via a hydro-powered combination hopper and
ribbon blender/chemical feeder (CMLRD 1989). The system operated for only a short time due to
mechanical problems, material incompatibilities, and concems about assuming Clean Water Act
liability (BIT 1994). BIT studied a passive water freatment system, performed bench scale testing,
and recommended altematives for freatment of the adit discharge. In 1994 the Department of
Minerals and Geology, Inactive Mine Section, constructed two bioreactors with assistance from
Volunteers for Outdoor Colorado. The freatment ponds are still in place; however, plants are
present only in the northem cell. The southem cell appears to have a leak and has dried out.

Preliminary Draft Engineering Evaluation / Cost Analysis flMine Discharge)
In May 2008, START completed a preliminary draft Engineering Evaluation/Cost Analysis
intended to support the efforts of stakeholders who are working to improve water quality in Pern
Creek and the Snake River. The Permsylvania Mine has been identified as the largest point source
of metals contamination to Peru Creek and the Snake River, where metal concenfrations exceed
state sfream standards and cause aquatic toxicity. Significant efforts have been made by
stakeholders to quantify Pennsylvania Mine, Pern Creek, and Snake River flow rates and water
quality and identify effective methods to reduce the discharge of metals from the Pennsylvania
Mine. In general, the EE/CA was prepared in conformance with EPA guidance; however, the
purpose of this report is broader than intended in the guidance document because the altematives
being evaluated may be performed by a Good Samaritan and not under CERCLA. This evaluation
provides a context in which stakeholders can consider Permsylvania Mine remedial altematives as
well as other mine waste remediation projects in the watershed. The options for managing water
discharging from the Pennsylvania Mine are limited by site access restrictions, lack of
infrastmcture, lack of available suitable land area, variability in adit discharge flow rates and
water chemistry, and high levels of iron and aluminum associated with higher seasonal flow rates.
Given these constraints, studies have concluded that a "passive" freatment system would work
best among the many altematives that exist, and that some form of pretreatment to remove the
iron and aluminum is necessary before the effluent can be freated by conventional passive
freatment systems. The EE/CA presents site infonnation to be considered in the selection of water
. freatment altematives, a listing of potential treatment technologies, an evaluation of the
technologies, and a more detailed evaluation of select technologies most applicable to the site.
Draft Engineering Evaluation / Cost Analysis fWaste Piles)
In January 2010, START completed a draft Engineering Evaluation/Cost Analysis. The purpose
of this EE/CA was to develop and evaluate potential removal altematives for the Pennsylvania
Mine and Cinnamon Gulch waste rock and tailings piles. The EE/CA report describes current site
conditions, the purpose, scope, and schedule for a Removal Action, and investigations that were
performed to evaluate Removal Action altematives. Potential Removal Action technologies and
potential repository locations were identified and evaluated. Potential repository cover designs
were presented and evaluated and a preferred cover design was recommended. Finally,
conceptual designs for the constmction of a cap or mine waste repository at four locations were
presented, evaluated, and conqjared.
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APPENDIX C
Macroinvertebrate and Water Sample Locations
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Figure 1. Pennsylvania Mine and Lower Warden Gulch Mine Preliminary A.sse.ssment/Sile Investigation study area
and Sampie Collection sites for macroinvertebrates during July and September. 2007 and September 2009.

APPENDIX D
Source Contributions

Source Contributions
Peru Creek Study Reach, Sept 2009
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APPENDIX E
EPA Surface Water Sampling Summary

Aluminum Concentrations in Peru Creek
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Arsenic Concentrations in Peru Creek
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Cadmium Concentrations in Peru Creek
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Copper Concentrations in Peru Creek
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Manganese Concentrations in Peru Creek
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Lead Concentrations in Peru Creek
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Zinc Concentrations in Peru Creek
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