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1.0 INTRODUCTION 

The Coal Creek Watershed Coalition (CCWC) is a nonprofit organization that seeks to maintain, 

restore and enhance the environmental integrity of watersheds near Crested Butte, Colorado.  The 

CCWC collaborates with local stakeholders to restore and preserve the Coal Creek Watershed and other 

local watersheds.  In 2011, the CCWC created the Upper Slate River Committee (USRC), to assess water 

quality and land management issues in the adjacent Slate River Watershed.  The USRC and stakeholders 

identified the upper portion of the Slate River Watershed as the focal point of their water quality 

investigation. 

The purpose of this project is to compile and analyze surface water and groundwater quality 

data from the Upper Slate River (USR) Watershed.  The compiled data is used to assess water quality 

trends and identify areas or items for additional investigation.  The report also discusses our current 

understanding of other watershed health indicators such as macro invertebrates, wetland and riparian 

habitat, forest health and geomorphology.  This broad approach allows for a more comprehensive 

understanding our watershed.  Key findings from this report will be incorporated into future monitoring 

efforts and the watershed plan. 

This report provides a summary of existing water quality data in the USR Watershed.  

Environmental conditions and focus areas within the watershed are presented in Section 2.0.  Section 

3.0 outlines major projects and water quality data sets.  In Section 4.0, the water quality data is 

evaluated with respect to state regulatory criteria.  Sections 5.0 and 6.0 continue the data analyses from 

spatial and temporal perspectives.  Section 7.0, the data gap analysis, reviews results to isolate areas 

and issues for additional investigation; as well as identify well-characterized items.  The report concludes 

with a brief review of water quality results and trends in Section 8.0.  Section 9.0 includes references 

cited throughout the report. 

2.0 ENVIRONMENTAL CONDITIONS: UPPER SLATE RIVER WATERSHED 

The Upper Slate River (USR) Watershed is located in southwestern, Colorado (Figure 1).  The USR 

Watershed lies in Gunnison County.  The town of Crested Butte is immediately south of the watershed’s 

terminus (Figure 1).  The watershed drains approximately 34 square miles on the east side of the Ruby 

Mountain Range.  The Upper Slate River has roughly 71 miles of rivers and streams (both perennial and 

intermittent; Figure 1). 

The majority of the watershed is public land, managed by the US Forest Service (USFS) and the 

Bureau of Land Management (BLM).  The USFS manages 77 percent of the watershed, a significant 

portion of which is designated as wilderness (Figure 1).  The USR Watershed includes a portion of the 

Raggeds Wilderness which is about 14 square miles (Figure 1).  BLM holdings account for 3 percent of 

the watershed area.  The remaining 20 percent of the watershed is held by private landowners.  A 

portion of the privately held land is owned by the Crested Butte Land Trust (CBLT); an organization 
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dedicated to preserving open space near Crested Butte.  Most of the private land is in the lower portion 

of the watershed; below the confluence of Oh-Be-Joyful Creek and the Slate River (Figure 1).  Other 

private holdings exist near the Pittsburg, a former town site above the confluence of Poverty Gulch and 

the Slate River (Figure 1).  The towns of Crested Butte and Mount Crested Butte are the closest 

population centers; with a combined population of approximately 2,300 people (Gunnison County, 

2011). 
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Figure 1.  Upper Slate River Watershed near Crested Butte, in Gunnison County, Colorado 
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2.1 GEOLOGY 

The USR Watershed consists of inter-bedded (thin alternating layers) sedimentary geology, with 

localized metamorphism, in a mountainous setting.  The upper watershed, including Poverty Gulch and 

areas adjacent to Oh-Be-Joyful Creek are Mancos Shale (Figure 2).  Mancos Shale is common throughout 

western Colorado.  Mancos Shale is dark-gray marine shale that formed during the late Cretaceous 

period (65 to 100 million years ago) and is up to 2,400 feet thick (Day et al., 2000).  The Mesaverde 

Formation, also from the late Cretaceous period, occurs primarily in the Oh-Be-Joyful and Poverty Gulch 

drainages (Figure 2).  The Mesaverde Formation consists of thin, inter-bedded shale and sandstone, with 

minor occurrences of coal and carbonaceous shale (Day et al., 2000).  In general, the Mesaverde 

Formation is thin, maximum thickness in the area is about 350 feet.  The Wasatch and Ohio Creek 

Formations occur on the south and west boundaries of the Oh-Be-Joyful basin (Figure 2).  Like the 

Mesaverde Formation, the Wasatch and Ohio Creek Formations are also thin, inter-bedded strata.  

However, the composition of the strata is coarser and consists of alternating claystone, siltstone, 

sandstone and occasionally conglomerate (individual rocks cemented within a finer-grained matrix) (Day 

et al., 2000).  The thickness of the Wasatch and Ohio Creek Formations is generally less than 200 feet in 

the USR Watershed (Day et al., 2000).  At the uppermost elevations in the watershed, intrusive 

granodiorites and quartz-monzonites occur on the surface (both rock types are commonly referred to as 

granite) (Figure 2).  The intrusive, metamorphic rocks formed 26 to 38 million years ago during the 

Oligocene Epoch (Day et al., 2000).  Contact metamorphism occurred in the adjacent rocks; which 

created localized areas of metamorphic rocks, including hornfels, slate and breccia, in the otherwise 

sedimentary basins (Gaskill, 1967).  These metamorphic rocks tend to direct groundwater flow and over 

time have produced the mineralized features that were mined for silver, zinc, lead, copper and gold ores 

(US EPA, 1998). 

The geologic strata provided the framework and materials for subsequent geologic processes.  

Together glaciation, erosion and mass wasting produced the complex mountainous terrain found in the 

USR Watershed.  Near the watershed outlet, unsorted glacial drift lies next to the Slate River (Figure 2).  

Glaciers scoured the upper watershed and deposited sedimentary materials in the lower watershed 

during the Bull Lake and Pinedale glaciations (Day et al., 2000).  The most recent period of glaciation in 

the watershed was approximately 12,000 years ago.  Glaciation accounts for much of the topography 

and the young landscape with limited soil development.  
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Figure 2.  Surficial Geology (Day et al., 2000) of the Upper Slate River Watershed. 
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2.2 HYDROLOGY 

The headwaters of the Slate River lie below Purple Mountain and Yule Pass at nearly 13,000 

feet.  The first named tributary, Poverty Gulch, enters the Slate River from the west about five miles 

downstream of the headwaters (Figure 1).  Several unnamed, intermittent drainages enter the Slate 

River above Poverty Gulch (Figure 1).  Additional unnamed, intermittent drainages flow into the Slate 

River below Poverty Gulch (Figure 1).  The upper watershed is a high-gradient mountain stream system.  

Virtually no data is available to evaluate flow patterns in the upper watershed.  However, Poverty Gulch 

drains an area similar in size to the drainage area of the Slate River above Poverty Gulch (Figure 1), so it 

is reasonable to assume that Poverty Gulch substantially increases flow in the Slate River. 

Oh-Be-Joyful Creek is a significant tributary that meets the Slate River about nine miles below 

the headwaters (Figure 1).  Richmond Mountain (12, 501 feet) and Democrat Basin form the headwaters 

of Oh-Be-Joyful Creek (Figure 1).  Oh-Be-Joyful Creek is about 6 miles long and includes two key 

tributaries, Redwell Creek and Wolverine Creek (Figure 1). 

Both Redwell and Wolverine Creeks enter Oh-Be-Joyful Creek from the south (Figure 1).  

Redwell Creek drains Redwell Basin; Gunsight Pass Road crosses the upper most reaches of Redwell 

Creek (Figure 1).  Wolverine Creek lies immediately east of Redwell Creek and is the last tributary to 

enter Oh-Be-Joyful Creek before the confluence with the Slate River (Figure 1).  A large molybdenum 

porphyry, referred to as the Red Lady Molybdenum deposit, lies below both Redwell and Wolverine 

Basins.  The Molybdenum deposit has been investigated for both economic and academic purposes.  The 

characteristics of the molybdenum deposit and its influence on Redwell Creek will be discussed in 

Section 3.3. 

Flow from the mouth of Oh-Be-Joyful Creek varies widely from 2 to 372 cubic feet per second 

(n= 13, USR Dataset, 2011).  Because both systems are snowmelt driven, peak flows in Oh-Be-Joyful 

Creek tend to occur when peak flows occur in the Slate River.  Based on existing data from the USR 

Watershed, Oh-Be-Joyful Creek is the largest tributary to the Slate River.  Beyond the confluence with 

Oh-Be-Joyful Creek, the Slate River flows through a wider and relatively low-angle valley to the 

watershed outlet.  In this reach the Slate River meanders and braids in some areas (Figure 1). 

The hydrographs of the Slate River and its tributaries are typical of snow-melt driven mountain 

streams.  Low flows generally occur from October to March.  As spring approaches stream flow 

increases.  Peak flows typically occur in May or June and taper off as the snow pack declines.  Smaller 

tributaries in the watershed exhibit similar patterns.  However, their flows are more readily increased by 

intense precipitation events in the late summer.  This phenomena, where intense precipitation more 

readily influences flow in small creeks, is widely accepted by hydrologists (Hornberger et al., 1998).  Flow 

measurements collected from the Slate River above Coal Creek (Figure 12, see SR-8A) clearly illustrate 

the influence of snow melt on flow (Figure 3). 
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Figure 3.  Flow at the Slate River Above Coal Creek (SR-8a); Based on 58 Measurements 

 

3.0 WATER QUALITY DATA IN THE UPPER SLATE RIVER WATERSHED 

The purpose of this project is to compile and analyze surface water and groundwater quality 

data from the USR Watershed.  A major portion of the project is data compilation.  The data search and 

literature review has two objectives.  The first and most obvious objective is to compile water quality 

data collected by multiple agencies into a single data set.  The second is to identify additional data 

sources that may help characterize water quality and other pertinent watershed characteristics (such as 

geology). 

The following paragraphs present a summary of the literature review and data search associated 

with this project.  The first portion of the discussion introduces each significant data set and briefly 

describes the objectives associated with each study or sample collection effort (Section 3.1).  The second 

portion describes the data compilation and evaluation process used to build the USR water quality data 

set (Section 3.2), which will be used for additional analyses.  Finally, the third section (Section 3.3) 

presents research findings from Redwell Basin.  A comprehensive record of data collection in the 

watershed, as well as the purpose of that data collection, will help identify data gaps and areas for 

additional investigation. 

3.1 MAJOR PROJECTS AND DATASETS 

Initial characterizations in the watershed sought to inventory historic mine sites and associated 

features.  From 1996 to 1998, the USFS and Colorado Geologic Survey (CGS) completed an Abandoned 

Mine Land Inventory (AMLI; CGS, 1998).  The inventory sought to identify all historic mine features on 

USFS and adjacent lands (in-holdings).  Most of the historic mining that occurred in the watershed is on 

privately held patents.  Field personnel detailed mine features throughout the USR Watershed.  Data 

recorded on field sheets was transferred to a GIS shape file and summarized in a final report (CGS, 
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1998).  The shape file includes pH, electrical conductivity, flow estimates, site descriptions and 

qualitative ratings for 139 locations in the USR Watershed.  As part of this project, the original field 

forms were scanned and linked to the GIS shape file; to provide additional detail on each location.  Four 

water quality samples were collected in the USR Watershed as part of the inventory.  However limited 

information was available to evaluate the quality of those results.  With the relatively extensive spatial 

coverage, the AMLI sites provide useful baseline information on the potential impacts of historic mines 

in the USR Watershed.  The AMLI data can be used in conjunction with other data to identify areas for 

additional investigation. 

In 2002, the USFS contracted a consulting firm, called Au’Authum Ki Incorporated (AAK), to 

complete a detailed investigation of Redwell Basin (USFS, 2003).  The investigation sought to improve 

upon the AMLI characterization of water quality and mine waste in Redwell Basin.  Eleven water quality 

samples were collected in October 2002, from locations identified in the AMLI.  The report presents 

water quality results and includes a brief human health and ecological risk assessment (USFS, 2003).  

The report appendices include a sufficient amount of data to include the water quality samples in the 

USR water quality data set.  Water quality data from this study will be presented in the analysis sections 

later in the report (Sections 4.0 -6.0). 

The U.S. Environmental Protection Agency (EPA) completed similar work in the USR Watershed 

during the late 1990s.  The START Program (Superfund Technical Assessment and Response Team) wrote 

two reports on the Ruby Mining District-North (EPA, 1998 and 1999).  These reports describe historic 

mines in the watershed.  The EPA reports indicate that mine features tend to be smaller than described 

by CGS personnel (EPA, 1998 and 1999).  The reports provide discussions of historic mining, local 

geology and groundwater.  The reports indicate groundwater data is unavailable in the USR Watershed, 

but includes a brief discussion of potential groundwater aquifer characteristics.  These reports describe 

many of the mine features in Poverty Gulch, which may require better characterization prior to drafting 

the USR Watershed Plan.  Table 1 provides a summary of major mine features in the USR Watershed; 

the data was compiled from the AMLI and START reports (CGS, 1998, EPA, 1998 and 1999).  Historic 

mining was concentrated in Poverty Gulch and Redwell Basin (Table 1).  Other historic mine features, 

identified in AMLI, are dispersed throughout the watershed but tend to be much smaller and less 

obtrusive than the mine features in Poverty Gulch and Redwell Basin.  The effect of smaller, dispersed 

historic mine features on water quality is unknown.  Due to the smaller footprint, it is likely that the 

potential for water quality impairment is lower than for more prominent mine features found in Redwell 

Basin and Poverty Gulch. 

In 2003, the U.S. Army Corps of Engineers (USACE) completed a study of the USR Watershed to 

evaluate restoration potential for abandoned mine sites in the area (USACE, 2003).  The report presents 

data from the sample collection effort that occurred in August 2002.  Samples were collected from 17 

locations in the watershed.  The field and laboratory methods are well-documented and the data is 

presented in the analysis sections later in the report (Sections 4.0-6.0). 
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In 2008 and 2010, the Colorado Department of Reclamation, Mining and Safety (DRMS) also 

completed water quality investigations in Redwell Basin.  In 2008, samples were collected from 11 

locations.  In 2010, the project was expanded to include 4 more locations for a total of 15 locations.  

Sample collection occurred twice in 2010.  The objective was to characterize natural and anthropogenic 

metal sources in Redwell Creek.  As well as, measure metal delivery to Oh-Be-Joyful Creek.  The field and 

laboratory methods are well-documented and the data is presented in the analysis sections later in the 

report (Sections 4.0-6.0). 

Table 1.  Summary of Prominent Historic Mine Features in the Upper Slate River Watershed (CGS, 1998 
and EPA 1998, 1999) 

 

The Colorado Department of Health and Environment (CDPHE) has collected water quality data 

throughout the USR Watershed.  Most of the data was collected as part of the Water Quality Control 

Division’s (WQCD) state-wide rotating data collection effort.  Samples collected for the WQCD generally 

include a full suite of analyses, including total and dissolved metals, anions and nutrients.  The field and 

laboratory methods are well-documented and the data is presented in the analysis sections later in the 

report (Sections 4.0-6.0).  

Number of 

Features

Estimated 

Volume (yds3)
Impoundments Flow Estimate and description pH Specific Conductance 

(us/cm)

Baxter Basin-Part 1
Eastern slope of 

Baxter Basin

3 Waste Rock 

Piles
825

1, 64' L x 42' W x 

2' D

Flow present, but not estimated. Pond 

and discharge devoid of aquatic life.
3.7-5.3 1-389

Baxter Basin-Part 2
West side of Baxter 

Basin

3 Waste Rock 

Piles
885 None

85 gpm from toe of waste dump; 10 

gpm from adit.
3.8-6.2 7-422

Baxter Basin-Part 3
Upper north Part of 

Baxter Basin

1 Waste Rock 

Pile
265

Small shallow 

pond

Water discharges from pond during 

snowmelt and precipitation events.
6.1-6.7 387-406

Lower Augusta Basin-

Part 1

Lower Augusta Basin 

at Augusta Mine

2 Waste Rock 

Piles
2715 None

0.5 seeps from damm at small adit; 

waste rock seep to Augusta Creek; 40 

gpm from Augusta Mine adit; 15 gpm 

flow from toe of large waste rock 

dump; combined discharge is this area 

is 200 gpm.

5.1-7.9 50-287

Lower Augusta Basin-

Part 2

Augusta Basin 

immediately north 

of Upper Augusta 

Lake

1 Waste Rock 

Pile
53 None

< 1 gpm from adit; 13 gpm from toe of 

waste rock pile.
6.1-7.8 50-400

Summit of Augusta 

Mountain

Summit of Augusta 

Mountain

2 Waste Rock 

Piles
770 None 5 gpm from both waste rock piles 3.3-4.1 439-910

Purple Mountain 

Basin

Southern portion of 

Purple Mountain on 

upper Poverty Gulch

1 Waste Rock 

Pile
55 None < 1 gpm from adit. 3.7-6.3 58-501

Cascade Mountain

Northeast Flank of 

Cascade Mountain, 

immediately west of 

Poverty Gulch

1 Waste Rock 

Pile, Mill 

Tailing and 

Smelter Slag

580 None
780 gpm in Poverty Gulch immediately 

below abandoned mine features.
7.6-7.8 100-450

West Side of Redwell 

Basin

West side of 

Redwell Basin

2 Waste Rock 

Piles
63 None None identified 3.8-6.9 50-100

Daisy Mine and East 

Side of Redwell Basin

East side of Redwell 

Basin

1 Waste Rock 

Pile
1350 None

Numerous discharges; no estimates 

made
2.3-2.9 500-900

Upper Redwell Basin
Upper portion of 

Redwell Basin

5 Waste Rock 

Piles
375

None. Some 

prospect pits 

produce flow

4 gpm from toe of waste rock pile; 15 

gpm from prospect pit; 3 gpm from 

open adit.

3.5-6.7 50-200

Lower Redwell Creek 

Basin- Part 1

Middle and lower 

portion of Redwell 

Basin

6 Waste Rock 

Piles
1970 None

7 gpm from waste rock pile; 120 gpm in 

Lower Redwell Creek.
2.7-6.2 50-800

Poverty Gulch

Redwell Basin

Waste Rock Description Mine Waste Discharge 

Sub-watershed Historic Mining Area Location Description
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In May 2011, the CDPHE presented a draft Total Maximum Daily Load (TMDL) Report.  The Slate 

River below Oh-Be-Joyful Creek and Oh-Be-Joyful Creek are 303(d) listed stream segments and are 

therefore included in the TMDL Report.  Oh-Be-Joyful Creek, segment COGUUG10, was placed on the 

303(d) list for excessive concentrations of cadmium, copper, lead and zinc.  The mainstem of the Slate 

River below Oh-Be-Joyful Creek was listed for cadmium and zinc.  Data presented in the TMDL report is 

also included in the USR data set. 

The U.S. Geological Survey (USGS) collected water quality data in the USR Watershed for several 

decades.  Most samples were collected in the lower watershed on a relatively frequent basis.  All of the 

water quality monitoring was routine in nature, and was intended to characterize current water quality 

conditions.  The field and laboratory methods are well-documented and the data is presented in the 

analysis sections later in the report (Sections 4.0-6.0). 

The BLM collected macro invertebrate samples in September, 2010 (Table 2).  Samples were 

collected from four locations on the Slate River (Table 2).  The locations were selected to isolate the 

potential effects of the BLM Oh-Be-Joyful Campground and Oh-Be-Joyful Creek on macro invertebrate 

populations in the Slate River (Table 2).  All four locations support intolerant taxa (Table 2).  Intolerant 

taxa (HBI of 0-2) live only in high quality habitats with unpolluted water (Hilsenhoff, 1987).  Intolerant 

taxa are the first to respond (i.e. struggle to survive) to declining water quality or habitat conditions.  

Conversely, tolerant taxa (HBI of 8-10) are well-adapted to very poor water quality conditions 

(Hilsenhoff, 1987).  Tolerant taxa were not found in any of the samples (Table 2).  Shannon’s Diversity 

Index (a calculated value that incorporates both species richness and evenness) and evenness decline 

from upstream to downstream (Table 2).  However, the number of intolerant taxa generally increases 

from upstream to downstream (Table 2).  These potentially contradictory trends may be the result of 

sample variability or seasonality and not actual population change or community impairment.  This 

underscores the need for additional monitoring efforts in this area to better characterize the macro 

invertebrate community.  These initial samples provide a baseline for the status of macro invertebrate 

health in the USR Watershed.  The BLM is also investigating channel and geomorphic stability in the 

watershed. 
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Table 2.  Summary of Macro Invertebrate Data Collected from the Slate River and Oh-Be-Joyful Creek on 
9/30/2010 

 

The Colorado Division of Wildlife sponsors a program called Riverwatch, where local students 

and teachers collect water quality data as part of their science classes.  Water quality data collected 

through this program is reported to the EPA through the STORET/WQX submission system.  The 

Riverwatch site is just below the watershed outlet, near the Crested Butte Cemetery.  This location is the 

most frequently sampled location in the area.  The field and laboratory methods are well-documented 

and the data is presented in the analysis sections later in the report (Sections 4.0-6.0). 

In 2010, the USFS collaborated with the CGS to assess the likelihood of groundwater 

contamination in the East River Watershed (USFS, 2010).  The USR Watershed is nested in the northwest 

portion of the East River Watershed.  The study seeks to assess the vulnerability of groundwater to 

contamination from surface based activities.  The watershed includes both public and private lands with 

multiple uses.  The DRASTIC method (Aller et al., 1987) was developed by the EPA to evaluate the 

potential for groundwater contamination.  The method employs regional and sub-regional 

hydrogeological and soil characteristics in GIS models to evaluate the potential for groundwater 

contamination.  The following parameters are used: Depth to groundwater, Net groundwater Recharge, 

Aquifer media, Soil media, Topography, Impact of vadose zone media and hydraulic Conductivity.  The 

model is considered semi-quantitative and can be run with data compiled from geologic and soil surveys 

(i.e. “desktop model”, does not require field work).  Each of the seven parameters is assigned a rating 

value based on its importance in the study area.  The rating values are then weighted relative to their 

role in contaminant delivery to groundwater systems.  The rating values for each parameter are 

multiplied by the parameter weighting value and then combined to create an index of groundwater 

pollution potential.  The DRASTIC model does not specify the type of pollutant, but instead evaluates the 

potential for contamination by all pollutants in general.  In the USR Watershed, the DRASTIC index 

generally shows areas of increased risk for groundwater contamination near surface water features and 

in neighboring valley bottoms; specifically areas immediately adjacent to the lower Slate River and lower 

Oh-Be-Joyful Creek.  These results are intuitive, given both the local geology and the parameters used in 

the DRASTIC model. 

Location
Number of 

Organisms1

Shannon's 

Diversity2 Evenness3
Number of 

Intolerant Taxa4

Number of 

Tolerant Taxa5

Mayfly 

Taxa

Stonefly 

Taxa

Caddisfly 

Taxa

Slate River above BLM Campground 368 2.16 0.75 9 0 5 9 0

Slate River below BLM Campground 224 1.87 0.73 6 0 4 6 0

Oh-Be-Joyful Creek 364 1.70 0.58 7 0 5 7 2

Slate River below Oh-Be-Joyful Creek 441 1.13 0.34 11 0 9 7 3

Notes

1. This value is the number of organisms found in the 0.93 m2 sample area.

2. The Shannon Diversity index incorporates both species richness and evenness. Values generally range from 1.5 (low) to 3.5 (high).

3. Evenness assesses the relative abundance of the species in a sample. Values range from 0 (very uneven distribution) to 1 (even 

distribution).

4. Intolerant taxa require exceptional water quality, the taxa included in this category score between 0 and 2 on the Hilsenhoff Biotic 

Index (1987, 1988).

5. Tolerant taxa can survive in poor quality water, the taxa included in this category score between 8 and 10 on the Hilsenhoff Biotic 

Index.
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Recently, the USFS has identified wetlands in the USR Watershed as part of an extensive fen 

inventory effort (Figure 4).  These wetlands provide critical ecosystem services and influence the overall 

health of the watershed.  The inventory has identified several wetland types in the watershed (Figure 4).  

However, most wetlands identified in the inventory have not been assigned a wetland type because fens 

were the focal point of the inventory (Figure 4).  To date, five fens have been identified in the USR 

Watershed (Figure 4).  Four of the fens are in the Oh-Be-Joyful drainage, and the fifth fen is east of the 

Slate River near Paradise Divide (Figure 4).  
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Figure 4.  Wetland Types, from the USFS Inventory, in the Upper Slate River Watershed 
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3.2 WATER QUALITY DATA 

Collectively, the projects discussed above and routine water quality monitoring programs have 

created a large set of water quality data in the Upper Slate River Watershed.  Because several 

organizations collected the data for various reasons, the composition and quality varies widely.  A data 

evaluation matrix (Table 3) was created to assess data prior to inclusion in the data set used for this 

analysis (USR data set).  The time frame selected for this project, is the most restrictive element in the 

data evaluation matrix (Table 3).  A fifteen year time frame was selected to balance the quantity of data 

with the quality of the data.  Laboratory methods have evolved tremendously in the past ten to twenty 

years.  Detection limits have fallen by orders of magnitude for many analyses.  However, in this study 

area, a shorter time frame (5 or 10 years) substantially decreased the amount of data available for 

analyses.  Clear and thorough documentation of field and laboratory methods was also a restrictive data 

evaluation element (Table 2).  Fortunately, the vast majority of data from the data search included 

reasonable documentation (that’s how we found it). 

As each data set was evaluated with respect to the items in the matrix (Table 3) a data quality 

score was assigned (Table 4).  The data quality scores were based on the items required by the CDPHE 

WQCD for submission in 303(d) data calls.  The WQCD format was selected because it is the most 

stringent of the data formats CCWC is likely to encounter.  The data quality scores range from 0 to 3 

(three being highest) and are presented in Table 4.  All of the records included in the USR data set 

scored at least a two.  A very small fraction of the original data set was eliminated due to incomplete or 

inaccurate data components (i.e. unknown sample location). 

Table 3. Water Quality Data Evaluation Matrix 

 

Priority Issue Logic Result

Data collected within last 15 years.

The state uses a fiver year cut off for water quality 

assessments. A five year time frame is too restrictive 

for the project area. A longer time frame is necessary 

to create a large enough data set. However, laboratory 

techniques have changed through time and 

comparison among various techniques is difficult and 

adds uncertainty.

Include all records collected from 1995 to 2010, 

remove older records.

Data used for 303(d) list by CDPHE. Compare this subset of data to the larger set.
Include all records associated with the 303(d) 

list, regardless of collection date.

Field and laboratory methods are 

documented and appropriate for the 

task.

Field and Laboratory methods are required for 

submission in state data calls. Allows for evaluation of 

field and lab QA/QC procedures.

Review original lab reports, add methods and 

other information to data records, as 

appropriate.

Accurate location description and 

GPS Coordinates.

Location is essential for spatial analysis. The data set 

must be displayed in a single format.

Convert all coordinates to UTM Zone 13N, NAD 

83 datum. If necessary, create location 

descriptions from coordinates, or field notes. 

Laboratory detection limits suitable.
Detection limits are an important reference for data 

reported at or below detection or quantitation limit

Located detection, quantitation or reporting 

limit from original lab report or supplemental 

information, where possible. Results that are 

below detection limits will be cataloged as 

zeros to accommodate standards evaluations, 

with a reference to the detection limit value. 

Parameter results are appropriate 

and within QA/QC bounds

Need to assure the data set includes sound data. 

Erronenous values, such as negative concentrations, 

will be removed from the data set.

Remove negative concentration values or data 

elements that did not meet QA/QC standards.

Low
Sample Type

Water quality samples collected in the watershed are 

the priority for this assessment
Remove other sample types from the data set.

High
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Water quality data, that scored a two or higher, was added to the USR data set.  The data is 

stored in an Excel spreadsheet that matches the template for data submission provided by the WQCD 

(2010).  For every sample, the format of each data element was changed to meet the template 

guidelines (ex: dissolved aluminum is cataloged as Al Dis).  Result units were converted as necessary to 

match the required units.  Although the process was tedious, it allowed for a detailed quality control 

effort. 

All the water quality data included in the USR data set was renamed and consolidated, as 

appropriate.  This process is advantageous for two reasons.  First, samples collected from the same 

location (or nearly the same location) are referred to by a single name regardless of which agency 

collected them.  Deliberate site consolidation ensures all of the data from a particular location is 

evaluated in a single set.  Second, the site IDs are sequenced from upstream to downstream on each 

major tributary.  This system helps users visualize site locations and relative position without a map.  

Further, the names used in the data set are generally less complicated than the original names.  These 

changes are well-documented (Table 5). 

Table 4.  Data Quality Score Rubric 

 

The USR data set includes 263 samples collected from 37 locations (Table 5 and Figure 5).  

Streams or Rivers account for 33 of the locations (Table 5).  Four of the monitoring locations are 

associated with abandoned mine features or drainages (Table 5).  To date, the only mine features 

sampled in the USR Watershed are in Redwell Basin (Figure 5).  A notable amount of historic mining also 

occurred in Poverty Gulch (Table 1), but those features have not been sampled (Table 5 and Figure 5). 

Score Definition

0

Lowest possible score. The data set includes little or no 

information on field and laboratory techniques. The data set 

is missing WQCD required items, with out any means of 

estimating them.  

1

The data set includes very limited information on field and 

laboratory techniques.  Or the data set includes, nearly all 

WQCD required items (red in the template) with some 

modification, if necessary. The data set is otherwise 

complete and worthy of a higher score, but did not meet 

QA/QC criteria.

2

The data set includes some information on suitable field and 

laboratory techniques. The data set included or was 

reasonably modified to include, at a minimum, all WQCD 

required items (red in the template). 

3

Highest possible score. The data source includes thorough 

information on suitable field and laboratory techniques.  

The data set includes, at a minimum, all WQCD required and 

recommended items (red and blue in the template).  

Original Laboratory results were available.  Field and Lab 

procedures are documented in a SAPP or similar report.

USR Project: Data Quality Score Rubric
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Table 5.  Summary of Available Water Quality Data in the Upper Slate River Watershed, 1995 to 2010 

Monitoring 

Location ID
Location Description

UTM: 

Easting 

(NAD 83)

UTM: 

Northing 

(NAD 83)

Location Type Organization(s)
Number of 

Samples

Data Quality 

Score

Period of 

Record
Comments

AC-2 Augusta Creek at mouth, above Poverty Gulch 318977.00 4314679.00 River/Stream USACE 1 2 2002 Originally named SW-11

BC-2 Baxter Creek at mouth, above Poverty Gulch 319318.00 4314131.00 River/Stream USACE 1 2 2002 Originally named SW-09

OBJ-1 Oh-Be-Joyful Creek above Redwell Creek 322166.93 4308385.19 River/Stream DRMS, USFS 3 2 2002 to 2010 Combined data from DRMS (RW-14) and USFS (OBJ-a-RW)

OBJ-1a Oh-Be-Joyful Creek above Wetland 321516.70 4308670.30 River/Stream CDPHE 1 2 2009 Originally named # 10127A by CDPHE

OBJ-1b Oh-Be-Joyful Creek above Un-named Tributary west of Redwell Basin 321823.00 4308390.00 River/Stream USACE 1 2 2002 Originally named SW-06 by USACE

OBJ-1c Un-named Tributary west of Redwell Basin immediately above Oh-Be-Joyful Creek 321823.00 4308387.00 River/Stream USACE 1 2 2002 Originally named SW-05 by USACE

OBJ-2 Oh-Be-Joyful Creek below Redwell Creek 322243.45 4308395.94 River/Stream DRMS, USFS 3 2 2002 to 2010 Combined data from DRMS (RW-15) and USFS (OBJ-b-RW)

OBJ-3 Wolverine Creek above Oh-Be-Joyful 323520.00 4308749.00 River/Stream USACE 1 2 2002 Originally named SW-03 by USACE

OBJ-4 Oh-Be-Joyful above the Slate River 323797.00 4308799.00 River/Stream USGS, CDPHE, USACE 17 2 and 3 1995 to 2009 Combined data from USGS site numbers 385426107013400 and  385437107015600, CDPHE # 10127 and USACE SW-02

POV-1a Poverty Gulch above Last Road Crossing (west side) 319001.00 4315206.00 River/Stream USACE 1 2 2002 Originally named SW-13

POV-1b Poverty Gulch above Unnamed Tributary West of Baxter Basin 319020.00 4314670.00 River/Stream USACE 1 2 2002 Originally named SW-12

POV-2b Poverty Gulch below Cascade Mountain 319164.00 4314320.00 River/Stream USACE 1 2 2002 Originally named SW-10

POV-4a Poverty Gulch above Slate River 320796.00 4313447.00 River/Stream USACE 1 2 2002 Originally named SW-08

RW-1 Artesian drill hole 321708.44 4306789.91 Mine Drainage DRMS, USFS 4 2 2002 to 2010 Combined data from DRMS (RW-1) and USFS (321/4306-2 PVC)

RW-10 Redwell Creek above Daisy Mine 321821.09 4307142.01 River/Stream DRMS, CDPHE 4 2 2004 to 2010 Combined data from DRMS (RW-10) and CDPHE (10127B2)

RW-11 Redwell Creek below Daisy Mine 321910.85 4307321.52 River/Stream DRMS, CDPHE 4 2 2004 to 2010 Combined data from DRMS (RW-10) and CDPHE (10127B4)

RW-11a Mine feature approximately 270 yards east of Redwell Creek, above Gunsight Pass Road 322158.00 4307329.00 Mine Drainage USFS 1 2 2002 Originally named 321/4307-3 # 100

RW-12 Redwell Creek below Additional Mining Impacts 321931.57 4307371.33 River/Stream DRMS, USFS 3 2 2002 to 2010 Combined data from DRMS (RW-12) and USFS (RW-UB-OUT)

RW-13 Redwell Creek above Oh-Be-Joyful Creek 322217.74 4308387.44 River/Stream DRMS, USFS, CDPHE & USACE 6 2 2002 to 2010 Combined data from DRMS (RW-13), USFS (RW-a-OBJ), CDPHE ( # 10127B) and USACE (SW-04)

RW-2 Downstream of Aluminum Pond 321530.04 4306715.24 Mine Drainage DRMS, USFS 4 2 2002 to 2010 Combined data from DRMS (RW-2) and USFS (321/4306-3 #102)

RW-3 Upstream of  Aluminum Pond 321502.91 4306704.96 River/Stream DRMS 3 2 2008 to 2010 Original location

RW-4 Flow from Open Stope 321592.36 4306727.18 Mine Drainage DRMS, USFS 3 2 2002 to 2010 Combined data from DRMS (RW-4) and USFS (321/4306-3 #101)

RW-5 The Red Well 321669.28 4306946.01 River/Stream DRMS, USFS 4 2 2002 to 2010 Combined data from DRMS (RW-5) and USFS (321/4307-1 #105)

RW-6 Redwell Creek above the Red Well 321684.33 4306937.28 River/Stream DRMS 3 2 2008 to 2010 Original location

RW-7 Redwell Creek below the Red Well 321755.00 4307051.00 River/Stream DRMS 3 2 2008 to 2010 Original location

RW-8 Daisy Mine Drainage 321912.97 4307073.78 Mine Drainage DRMS 3 2 2008 to 2010 Original location

RW-9 Spring below Daisy Mine 321914.65 4307209.53 River/Stream DRMS 4 2 2002 to 2010 Combined data from DRMS (RW-9a) and USFS (321/4307-1 #103-DS)

RW-9a Additional Springs below the Daisy Mine 321909.75 4307124.65 River/Stream DRMS, USFS 2 2 2002 to 2010 Combined data from DRMS (RW-9a) and USFS (321/4307-1 #103)

SR-11a Slate River near the Cemetery 329098.00 4304198.00 River/Stream RW 67 2 1995 to 2004 RiverWatch location called "Slate River near the Crested Butte Cemetary" 

SR-3a Slate River above Poverty Gulch and Pittsburgh Mine 321058.80 4315858.00 River/Stream CDPHE, USACE 5 2 2002 to 2009 Combined data from CDPHE (# 10129B) and USACE (SW-15)

SR-4a Slate River above Poverty Gulch 321303.00 4314151.00 River/Stream USACE 1 2 2002 Originally named SW-14

SR-6 Slate River below Poverty Gulch, above wetland 321345.50 4312864.50 River/Stream CDPHE, USRC 1 2 2009 Originally CDPHE # 10129, will also include USRC data from SR-6

SR-6a Slate River below Poverty Gulch, below wetland 321425.00 4312640.00 River/Stream USACE 1 2 2002 Originally named SW-07

SR-7a Slate River above Oh-Be-Joyful Creek 324365.00 4308522.90 River/Stream USGS 30 3 1995 to 2000 Originally named USGS # 385429107013000

SR-8 Slate River above Coal Creek 324402.00 4308533.00 River/Stream CDPHE, USRC, USGS 16 2 and 3 1996 to 2009 Originally named # 150 and #150a by CDPHE, USRC SR-8 and USGS # 385426107013600

SR-8a Slate River above Coal Creek 326824.50 4306195.40 River/Stream USGS 57 3 1995 to 2003 Originally named USGS # 385240106583600.

SR-9 Slate River above Coal Creek 328479.00 4305029.00 River/Stream USACE, USRC 1 2 2002 Originally named SW-20

Water Quality Data: Upper Slate River Watershed, 1995 to 2010
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Figure 5.  Water Quality Monitoring Locations in the Upper Slate River Watershed 
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3.3 PEER-REVIEWED LITERATURE IN REDWELL BASIN 

For academics, the initial interest in Redwell Basin was due to the unique porphyry-

molybdenum deposit, commonly referred to as the Mount Emmons or Red Lady Molybdenum deposit 

(Sharp, 1978; Tuttle et al., 2000).  In the 1970s researchers sought to characterize the quality and extent 

of the molybdenum deposit (Sharp, 1978).  More recently, isolating the various metal sources from one 

another became the focal point of several research studies in Redwell Basin (Tuttle et al., 2000, Berger 

et al., 2001, Kimball et al., 2010, Verplanck et al. 2004 and 2009, Wanty et al., 2004).  In general, the 

studies have characterized groundwater sources (Berger et al., 2001) or evaluated the impact of mine 

features relative to natural features in terms of metal loading to Redwell Creek (Tuttle et al., 2000, 

Kimball et al., 2010, Verplanck et al. 2004 and 2009, Wanty et al., 2004).  The following paragraphs 

discuss the geology, groundwater chemistry, surface water chemistry and simulated pre-mining 

conditions.  The section closes with a brief summary. 

3.3.1 GEOLOGY OF REDWELL BASIN: MOLYBDENUM PORPHYRY AND MINERALIZED 

FRACTURE NETWORK 

The molybdenum porphyry system below Mount Emmons is a high-fluorine, granite-

molybdenum climax type system (Tuttle et al., 2000; Verplanck et al.).  Porphyry is an intrusion of large 

well-developed crystals in a finer-grained matrix rock; the porphyry material is different from the matrix 

rock.  In this case, the porphyry contains significant quantities of molybdenum and is quite large. 

The porphyry system formed during a period of metamorphism (magma intrudes upon overlying 

rocks).  Simultaneously contact metamorphism altered adjacent rocks and epithermal mineralization 

(the formation of mineral veins at a shallow depth due to interaction with heated water) occurred in 

those rocks (Berger et al., 2000).  As a result, the molybdenum porphyry lies in a complex web of faulted 

and mineralized rock (Tuttle et al., 2000).  Mineralization also produced breccia pipes (angular rocks 

cemented within a fine grained matrix typically composed of precipitates) that are found on or near the 

surface in upper Redwell Basin (Gaskill et al., 1967; Thomas and Galy, 1982).  Mineralization produced 

silver, zinc, lead, copper and gold ores (EPA, 1998).  In Redwell Basin these mineralized features are at or 

near the surface throughout most of the basin (Berger et al., 2001).  Prospecting and mining occurred in 

the mineralized rock.  Historic mining features and mineralized rocks contribute acidic, metal-rich water 

to Redwell Basin (Tuttle et al., 2000, Berger et al., 2001). 

3.3.2 GROUNDWATER CHEMISTRY OF REDWELL BASIN 

The spectacular topographic relief and relatively high precipitation in Redwell Basin assure that 

groundwater interacts with the porphyry and mineralized fracture system (Tuttle et al., 2000).  

Throughout most of the year groundwater seeps from talus, faults, wetlands, mine features and the 

artesian well in Redwell Basin.  Both the hydraulic conductivities (a rock or sediment layer’s ability to 

transmit water) and hydraulic gradients (the magnitude and direction of water movement) of Redwell 

Basin indicate that groundwater interacts with mineralized rocks; particularly in the southern and 

southeastern portions of the upper basin (Berger et al., 2001).  Most groundwater movement is via a 

fracture network in mineralized rock (Berger et al., 2001). 
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In Redwell Basin, researchers have identified three groundwater types: “porphyry waters”, “vein 

waters” and “un-mineralized waters” (Berger et al., 2001).  Porphyry waters have high metal 

concentrations, particularly iron, and enter the surface water system in the upper portion of the basin 

(Berger et al., 2001).  Porphyry waters interact with the molybdenum porphyry and other mineralized 

features (Berger et al., 2001).  Vein waters are a mixture of porphyry and un-mineralized water (Berger 

et al., 2001).  Vein waters are created when un-mineralized groundwater seeps from adjacent 

sedimentary matrix rock into the mineralized fracture system.  Due to the limited hydraulic conductivity 

of the sedimentary matrix rock vein waters generally have more porphyry water than un-mineralized 

water (Berger et al., 2001).  Un-mineralized water is from dense sedimentary matrix rock, found 

adjacent to mineralized rock and at the surface in the lower portion of Redwell Basin (Berger et al., 

2001).  Berger et al (2001) suggest that the three ground waters are compartmentalized and unique 

from one another. 

Inputs of porphyry water and vein water dominate groundwater inflows in the upper portion of 

Redwell basin (Berger et al., 2001).  Samples from mine features in Redwell Basin are vein waters with a 

mix of 70 % porphyry water and 30% un-mineralized water, based on sulfur isotope mass balances 

(Berger et al., 2001).  This finding is consistent with the expectation that mining occurred in mineralized 

areas.  In the lower portion of the upper basin, below the cirque, un-mineralized groundwater 

contributes additional water to Redwell Creek due to an increased number of faults (and therefore 

fractures).  Where mixing along the faults initially occurs, in the lowest portions of the upper basin, 

stream samples are still similar to mine or vein samples (i.e. still dominated by porphyry water) (Berger 

et al., 2001).  Most of the un-mineralized water enters Redwell Creek below the upper basin on the 

steep descent to Oh-Be-Joyful Creek (Berger et al., 2001).  As additional un-mineralized water is 

introduced to the system, water quality of the stream improves (Berger et al., 2001). 

3.3.3 SURFACE WATER CHEMISTRY IN REDWELL BASIN 

Other researchers have concentrated on delineating natural and anthropogenic metal sources in 

the surface water chemistry of Redwell Creek (Berger et al., 2001, Kimball et al., 2010; Verplanck et al., 

2004 and 2009; and Wanty et al., 2004).  The most detailed work to date, was a tracer study and 

synoptic sampling event completed by the USGS research group in August 2001 (Kimball et al., 2010).  

Tracer studies are used to characterize stream flows.  Briefly, a conservative tracer (a chemical not 

found at high concentrations in the stream that passes freely through the stream without impairing the 

system) is injected into a stream segment.  The concentration of the tracer is measured at many 

locations on the segment.  Using the time from injection and the concentration measured at a given 

location on the segment, the volumetric flow rate can be calculated.  Flow rates from several locations 

are compared to one another to determine areas where flow is altered by surface water inputs (from 

tributaries, seeps or other features) and groundwater inputs or losses. 

In Redwell Creek, groundwater feeds gaining stream reaches; flow increased on 25 of 30 stream 

segments (Kimball et al., 2010; Berger et al., 2001).  No single source accounted for more than a 10 % 

increase in flow (Kimball et al., 2010).  Wanty et al., (2004) identified four major tributaries to Redwell 

Creek: a prospect adit (commonly referred to as the “aluminum pond”), the artesian well, the Red Well 

and Daisy Mine.  The Red Well is a naturally occurring feature.  Analysis of ferricrete (an iron-oxide) 
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collected from the Red Well has been dated as approximately 2,800 years old (Fall et al., 1997).  The age 

indicates the feature is natural, not anthropogenic (Fall et al., 1997).  The other three features are 

mining relics.  The artesian well was drilled in the 1970s to map the molybdenum deposit (Sharp, 1978).  

The drill hole angles from north to south and penetrates the porphyry deposit (Sharp, 1978; Berger et 

al., 2001).  The artesian well delivers groundwater to Redwell Creek.  The artesian well creates a 9% 

increase in the flow of Redwell Creek (Kimball et al., 2010).  The Daisy Mine workings produce flow that 

enters Redwell Creek.  The Daisy Mine increased stream flow in Redwell Creek by 7% (Kimball et al., 

2010).  Groundwater from this location interacts with mineralized veins and possibly the porphyry 

workings (Kimball et al., 2010). 

The headwaters of Redwell Creek are compositionally distinct from lower Redwell Creek (Wanty 

et al., 2004; Kimball et al., 2010).  Although small mine features are present up-gradient, chemical 

conditions in the headwaters of Redwell Creek show minimal evidence of the mineralization that is 

pervasive throughout the rest of the upper basin (Wanty et al., 2004).  In the headwaters of Redwell 

Creek water pH is 6.5 s.u. (Wanty et al., 2004).  Downstream, water mixes with inflow from the artesian 

well.  Water from the artesian well has a substantially lower pH (more acidic) and copper, aluminum, 

iron and lead concentrations are high (Kimball et al., 2010).  With the exception of iron (which 

precipitates in the streambed), most constituent concentrations remain high downstream of the 

artesian well inflow (Kimball et al., 2010).  The pH of Redwell Creek decreases below the artesian well 

input and remains acidic downstream (pH of 3.9 -4.1 s.u.) (Kimball et al., 2010).  Metal loads in upper 

Redwell Creek are derived from base-metal mineralization with some contribution from the 

molybdenum porphyry system (Kimball et al., 2010; Verplanck et al., 2009). 

Natural metal sources include the talus slope on the eastern side of Redwell Basin.  The talus 

slope that drains the eastern portion of the basin increases flow in Redwell Creek by nearly 10% (Kimball 

et al., 2010).  The most notable natural loading sources in Redwell Creek appear to be flow from the 

breccia talus and fault.  For some metals, the combined loads from the natural sources exceed those 

from the artesian well or the Daisy Mine (Kimball et al., 2010).  Metal concentrations in the breccia talus 

and fault areas are not exceptionally high, but flows from these features are substantial enough to make 

the loads significant (Kimball et al., 2010). 

The Daisy Mine is the single largest source of zinc in the basin (Kimball et al., 2010).  The artesian 

well is the largest aluminum source, followed closely by the breccia talus, a natural feature (Kimball et 

al., 2010).  Net iron loads are about equal between natural (breccia talus and fault) and anthropogenic 

(artesian well) sources.  The Daisy Mine is the largest source of manganese (Kimball et al., 2010).  

Copper loads are primarily from anthropogenic sources, the artesian well and Daisy Mine.  However, the 

fault also supplies minor quantities of copper (Kimball et al., 2010).  Similarly; Wanty et al (2004) 

attribute three-fourths of the total zinc load and half of the sulfate load to anthropogenic sources.  
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3.3.4 SIMULATED PRE-MINING CONDITIONS IN REDWELL BASIN 

Kimball et al. (2010) collected concentration and loading data for some metals as well as calcium 

and magnesium (to provide hardness, for water quality standard evaluations).  Actual metal 

concentrations were used to calibrate a geochemical model (MINTEQ- Allison et al., 1991 and PHREEQC- 

Parkhurst and Appelo, 1999).  Once calibrated, the model functioned well aside from issues with iron 

and aluminum precipitates and subsequent issues with zinc sorption.  For all three metals the net result 

was over-estimation, due to limited model function.  The simulated pre-mining conditions had a 

substantially higher pH (less acidic).  The simulated pre-mine pH in Redwell Creek was 5.1 versus the 

current pH of 3.85 s.u.  Metal concentrations remained elevated; although much lower than current 

conditions (Kimball et al., 2010).  The simulation suggests that even without anthropogenic disturbance 

Redwell Creek would not meet acute regulatory water quality criteria for copper, zinc and other metals 

(Kimball et al., 2010). 

3.3.5 SUMMARY 

The geology of Redwell Basin is well-delineated and complex.  The molybdenum porphyry is 

nested within a network of breccia and mineralized fractures (Gaskill et al., 1967; Sharp, 1978; Thomas 

and Galy, 1982).  Groundwater interacts with the porphyry, breccia and fracture network as well as with 

the more chemically inert sedimentary matrix rock (Kimball et al., 2010; Berger et al., 2001).  

Groundwater seeps into the surface water system through both natural and anthropogenic features.  

Surface water chemistry changes relative to the spatial distribution of groundwater and surface water 

inputs. 

Drainage waters from mine features in Redwell Basin have metal and sulfate concentrations 

similar to naturally acidic waters found in the basin (Verplanck et al., 2009).  However, the most extreme 

water chemistries measured from the mine-related samples greatly exceeded the concentrations 

measured in the most extreme natural features (Verplanck et al., 2009).  This is attributed to three 

factors: 1) mines occur only in mineralized areas where natural features occur in a variety of areas; 2) 

mining activities allowed for increased oxidation of ores (especially pyrite) which increases sulfur 

concentrations and decreases pH; 3) decreased pH allows for increased metal solubility (Verplanck et al., 

2009). 

Both groundwater and surface water chemistry in Redwell Basin have been characterized (Tuttle 

et al., 2000, Berger et al., 2001, Kimball et al., 2010, Verplanck et al. 2004 and 2009, Wanty et al., 2004).  

Several studies have consistently identified the same problematic areas, chiefly the artesian well and the 

Daisy Mine.  Geochemical model results indicate water quality would improve if historic mine features 

were reclaimed (Kimball et al., 2010).  Although, the model results also indicate pre-mining conditions in 

Redwell Creek likely exceeded current water quality criteria (Kimball et al., 2010). 
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4.0 WATER QUALITY STANDARDS EVALUATION 

The Colorado Department of Public Health and Environment (CDPHE) Water Quality Control 

Commission (WQCC) employs two key regulations, numbers 31 and 35, to protect water quality in the 

USR Watershed.  The regulations work in concert with federal laws.  Regulation 31 outlines the basic 

standards and methodologies for surface water in the state of Colorado.  Regulation 35 provides 

classifications and numeric standards for the Gunnison and Lower Dolores River Basins. 

There are four regulatory segments in the USR Watershed (Figure 6).  The upper portion of Oh-

Be-Joyful Creek in the Raggeds Wilderness is part of Segment COGUUG02 (Figure 6).  Segment 

COGUUG10 refers to Oh-Be-Joyful Creek and tributaries, including Redwell and Wolverine creeks (Figure 

6).  The mainstem of the Slate River is classified as COGUUG07 (Figure 6).  Figure 6 displays the Slate 

River below Oh-Be-Joyful Creek as COGUUG07-BOBJ (light blue), to clearly identify the portion of 

segment COGUUG07 that has been included on the 303(d) list.  Tributaries to the Slate River, not 

included in other segments, are part of COGUUG09 (Figure 6) and are referred to as Slate River 

Tributaries in this report. 

Table 5 presents the numeric criteria in place on each segment in the USR Watershed.  For many 

of the parameters included in Table 5 there are acute and chronic criterions.  Both acute and chronic 

standards are derived from toxicology data of aquatic organisms.  The acute standard is one-half of the 

median lethal concentration (the concentration that is lethal to fifty percent of a given population, LC-

50) that protects 95 percent of the genera in a waterbody from lethal effects (CDPHE-WQCC, Regulation 

31).  The acute standard may not be exceeded in a single sample.  Chronic standards are intended to 

prevent long-term toxic effects, such as abnormalities or adverse effects on survival, growth and 

reproduction, for 95 percent of the genera in a waterbody (CDPHE-WQCC, Regulation 31).  The chronic 

standard may not be exceeded in a single representative sample. 
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Figure 6.  Regulatory Segments in the Upper Slate River Watershed 
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Table 6.  Numeric Water Quality Criteria in the Upper Slate River Watershed 

Physical and Biological

S= 0.002 As(ac)= 340 Fe (ch)= 300 (dis) (WS) Ni (ac/ch)= 211.1, 23.45

D.O.= 6.0 mg/l NH3 (ac/ch)=TVS8 B= 0.75 As (ch)= 0.02 (Trec) Fe(ch)= 1000 (Trec) Se (ac/ch)=18.4, 4.6

D.O. (sp)= 7.0 mg/l CL2(ac)= 0.019 NO2=0.02 Cd (ac)= 0.75 (tr) Pb (ac/ch)= 22.86, 0.89 Ag (ac)= 0.40

pH= 6.5-9.0 s.u. Cl2(ch)=0.011 NO3= 10 Cd (ch)= 0.21 Mn (ac/ch)= 2181.9, 1205.5 Ag (ch)= 0.01 (tr) 

E. Coli= 126 col/100ml CN=0.005 Cl= 250 Cr III (ac)= 50 (Trec) Mn (ch)= 50 (dis) (WS) Zn (ac)= 64.2

SO4 (ch)= 250 (WS) Cr VI (ac/ch)= 16, 11 Hg (ch)= 0.01 (tot) Zn (ch)= 12.9 (sc)

Cu (ac/ch)= 5.53, 4.01 Al (ac/ch)= 942, 128.9 (Trec)

S= 0.002 As(ac)= 340 Fe (ch)= 300 (dis) (WS) Ni (ac/ch)= 278.5, 30.93

D.O.= 6.0 mg/l NH3 (ac/ch)=TVS8 B= 0.75 As (ch)= 0.02 (Trec) Fe(ch)= 1000 (Trec) Se (ac/ch)=18.4, 4.6

D.O. (sp)= 7.0 mg/l CL2(ac)= 0.019 NO2=0.05 Cd (ac)= 1.00 (tr) Pb (ac/ch)= 32.9, 1.28 Ag (ac)= 0.71

pH= 6.5-9.0 s.u. Cl2(ch)=0.011 NO3= 10 Cd (ch)= 0.27 Mn (ac/ch)= 2433.2, 1344.3 Ag (ch)= 0.03 (tr) 

E. Coli= 126 col/100ml CN=0.005 Cl= 250 Cr III (ac)= 50 (Trec) Mn (ch)= 50 (dis) (WS) Zn (ac)= 84.9

SO4 (ch)= 250 (WS) Cr VI (ac/ch)= 16, 11 Hg (ch)= 0.01 (tot) Zn (ch)= 26.7 (sc)

Cu (ac/ch)= 7.53, 5.30 Al (ac/ch)= 1474.8, 201.7 (Trec)

S= 0.002 As(ac)= 340 Fe (ch)= 300 (dis) (WS) Ni (ac/ch)= 289.9, 32.2

D.O.= 6.0 mg/l NH3 (ac/ch)=TVS8 B= 0.75 As (ch)= 0.02 (Trec) Fe(ch)= 1000 (Trec) Se (ac/ch)=18.4, 4.6

D.O. (sp)= 7.0 mg/l CL2(ac)= 0.019 NO2=0.05 Cd (ac)= 1.04 (tr) Pb (ac/ch)= 34.7, 1.35 Ag (ac)= 0.77

pH= 6.5-9.0 s.u. Cl2(ch)=0.011 NO3= 10 Cd (ch)= 0.28 Mn (ac/ch)= 2472.2, 1365.9 Ag (ch)= 0.03 (tr) 

E. Coli= 126 col/100ml CN=0.005 Cl= 250 Cr III (ac)= 50 (Trec) Mn (ch)= 50 (dis) (WS) Zn (ac)= 88.4

SO4 (ch)= 250 (WS) Cr VI (ac/ch)= 16, 11 Hg (ch)= 0.01 (tot) Zn (ch)= 76.7

Cu (ac/ch)= 7.88, 5.52 Al (ac/ch)=1574.4, 215.3  (Trec)

S= 0.002 As(ac)= 340 Fe(ch)= 1000 (Trec) Ni (ac/ch)= 166.9, 18.53

D.O.= 6.0 mg/l NH3 (ac/ch)=TVS8 B= 0.75 As (ch)= 7.6 (Trec) Pb (ac)= 16.7 Se (ac/ch)=18.4, 4.6

D.O. (sp)= 7.0 mg/l CL2(ac)= 0.019 NO2=0.05 Cd (ac)= 0.59 (tr) Pb (ch)= 8 Ag (ac)= 0.25

pH= 6.5-9.0 s.u. Cl2(ch)=0.011 NO3= 100 Cd (ch)= 0.17 Mn (ac/ch)= 1988.8, 1098.8 Ag (ch)= 0.01 (tr) 

E. Coli= 126 col/100ml CN=0.005 Cr III (ac)= 50 (Trec) Hg (ch)= 0.01 (tot) Zn (ac)= 50.7

Cr VI (ac/ch)= 16, 11 Al (ac/ch)= 643.7, 88.0 (Trec) Zn (ch)= 43.9

Cu (ac/ch)= 4.26, 3.16

Notes

1. There are no temporary modifications in place in the Upper Slate River (USR) watershed.

2. For hardness dependent parameters (i.e. TVS parameters), an average hardness value was calculated for each segment from surface water samples found on that segment. Appendix A presents the 

standards calculated with the minimum, maximum and average hardness for each segment.

4. Ac= Acute, Ch= Chronic, Dis= Dissolved, Sp= Spawning, Tr= Trout, Trec= Total Recoverable, WS= Water Supply, tot= total. 

5. The following also apply: Mean Water Temperature for Aquatic Cold Life Class 1: 17 degrees C and Uranuim 30 ug/L.

6. Metal concentrations are dissolved, unless otherwise specified.

7. COGUUG02: Wilderness tributaries are designated as "Outstanding Waters".

8. NH3= Unionized ammonia. The standard relies on both water pH and temperature. For each sample with measured NH 3 concentrations, the pH and temperature were used to establish the NH3 criteria. 

Aq Life Cold 1 

Recreation E 

Water Supply 

Agriculture

3. The Aluminum standard is found in Regulation 31. Chronic aluminum is a TVS parameter that is hardness dependent with a pH clause. If the sample pH is above 7, the hardness dependent equation 

applies, if pH is below 7, the more strigent of 87 ug/l or the hardness dependent equation value. For pH values below 7 in the USR watershed, 87 ug/l is the more strigent value and is used for chronic Al 

standard evaluations for those samples. For pH values above 7, the values l isted in the table are used for the chronic Al standard evaluation.

Numeric Standards1,2,3,4,5,6

Segment Classifications Metals (ug/l)Inorganic (mg/l)

COGUUG10: Mainstem of 

Oh-Be-Joyful Creek from the 

boundary of the Raggeds 

Wilderness Area to the 

confluence with Slate River. 

All  tributaries, including 

lakes and reservoirs, and 

wetlands within the Redwell 

Basin tributary to Oh-Be-

Joyful Creek.

Aq Life Cold 1 

Recreation E 

Agriculture

COGUUG02: All  tributaries 

to the Gunnison River, 

including lakes, reserviors, 

and wetlands with the West 

Elk, Collegiate Peaks, 

Maroon Bells, Raggeds, and 

Fossil  Ridge Wilderness 

Area.7

Aq Life Cold 1 

Recreation E 

Water Supply 

Agriculture

COGUUG07: Mainstem of 

the Slate River from its 

source to a point 

immediately above the 

confluence with Coal Creek

COGUUG09: All  tributaries, 

including lakes, reservoirs, 

and wetlands, to the Slate 

River except for specific 

l istings in Segment 2, 10, 

11, 12 and 13.

Aq Life Cold 1 

Recreation E 

Water Supply 

Agriculture
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This evaluation is not a strict standards evaluation, but a more broad evaluation to identify the 

most common pollutants in the watershed.  This evaluation deviates from a strict standards evaluation 

in the approach used on hardness-dependent water quality criteria.  Hardness-based numeric criteria, 

called table value standards (TVS), rely on hardness concentrations measured at the sample location to 

calculate the TVS standard.  A typical evaluation would use the lower value of the 95 percent confidence 

interval of the average measured hardness value to calculate the TVS standard for that sample (i.e. 

hardness and metal concentrations are paired for each evaluation). 

For this assessment, an average hardness value was calculated for each segment from stream 

samples (not mine samples) on that segment.  This deviation from the typical procedure was necessary 

due to the large size of the data set and some limitations within the data set (i.e. not all samples were 

analyzed for harness, or calcium and magnesium concentrations).  Further, this approach allows for 

assessment of mine drainage waters relative to ambient water quality.  Samples collected from mine 

drainages are evaluated relative to the hardness of the streams into which they flow, as opposed to 

evaluation with any additional hardness the mine drainage may supply, which is later diluted in the 

stream system.  This approach is reasonable in the USR Watershed, because currently there are not 

permitted dischargers in the watershed.  In general, potential pollution sources are non-point 

abandoned mine features.  Further, a segment-wide average hardness value improves the 

characterization of water hardness in areas with low sample frequency. 

Typically, the hardness value used to calculate the TVS standard is the lower value of the 95 

percent confidence interval of the average hardness.  A confidence interval was not applied to the 

hardness values in this evaluation, due to limited sample frequency on most segments.  Appendix A 

presents the TVS standards calculated with minimum, maximum and average hardness values for acute 

and chronic criterion.  This exercise was completed to illustrate the potential range of values that could 

occur in a TMDL or other analysis.  The TVS standards presented in Table 5 were calculated from the 

average hardness measured on each segment. 

The USR water quality data set includes 2,843 records that can be evaluated with respect to 

Colorado water quality criteria.  For each location and parameter, the data were evaluated individually.  

A strict regulatory analysis would evaluate the 85th percentile of the data set for a given parameter at 

each location.  Due to limited sample frequency much of the data set is not well-suited to this approach; 

as it is statistically inappropriate to assume the distribution of a parameter is well-characterized without 

a significant number of samples (i.e. n> 20). 
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Eighty percent of the data meet regulatory standards while twenty percent do not (Figure 7).  

The following discussion focuses largely on the 20 percent of the data that exceeded regulatory 

standards (i.e. failed to meet criteria).  Bear in mind that it is only a portion of the total data set. 

Figure 7.  Water Quality Standard Exceedances in the Upper Slate River Watershed 

 

Table 7 displays water quality exceedances by parameter.  The following parameters were not 

exceeded in any of the water quality evaluations to date: ammonia-acute, ammonia-chronic, arsenic-

acute, chlorine-acute, chlorine-chronic, chromium III-acute, chromium VI-acute, chromium VI-chronic, 

iron-water supply, mercury-chronic, nickel-acute, nitrate, nitrite, selenium-acute and water temperature 

(Table 7).  The project data set does not include the following parameters (i.e. they have not been 

measured in the past fifteen years): boron, chloride, cyanide, sulfide and uranium (Table 7). 

Chronic zinc is the most frequently exceeded water quality standard in the USR Watershed 

(Figure 8).  Sixty-seven percent of the zinc concentrations measured in the watershed exceeded the 

chronic standard (Table 7).  Chronic cadmium is the second most frequently exceeded criterion (Figure 

8); where 52 percent of the evaluations exceeded the chronic standard (Table 7).  The chronic aluminum 

standard is the third most frequently exceeded criteria (Figure 8).  About 45 percent of the evaluations 

exceeded the chronic aluminum criterion (Table 7).  The acute standards for both zinc and cadmium are 

exceeded quite often (Figure 7) and exceedances occurred in 44 and 39 percent of the evaluations, 

respectively (Table 7). 
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Table 7.  Water Quality Standard Exceedances by Parameter in the Upper Slate River Watershed 

 

Paramete r Exceedances Eva lua tions % Exceedances

Aluminum- Acute 26 101 25.7

Aluminum- Chronic 45 101 44.6

Ammonia- Acute 0 38 0.0

Ammonia- Chronic 0 38 0.0

Arsenic- Acute 0 96 0.0

Arsenic-Chronic (TREC) 6 105 5.7

Boron NO DATA

Cadmium- Acute 65 169 38.5

Cadmium-Chronic 88 169 52.1

Chlorine-Acute 0 62 0.0

Chlorine-Chronic 0 62 0.0

Chloride NO DATA

Copper-Acute  49 168 29.2

Copper-Chronic 56 168 33.3

Chromium III- Acute (TREC) 0 15 0.0

ChromiumVI- Acute 0 15 0.0

Chromium VI-Chronic 0 15 0.0

Cyanide NO DATA

Dissolved Oxygen 3 162 1.9

Dissolved Oxygen-Spawning 4 162 2.5

E. Coli 1 41 2.4

Iron-Chronic (WS) 0 149 0.0

Iron-Chronic TREC 28 187 15.0

Lead-Acute 45 160 28.1

Lead-Chronic 52 160 32.5

Manganese- Acute 10 67 14.9

Manganese- Chronic 18 67 26.9

Manganese- Chronic (WS) 7 82 8.5

Mercury-Chronic 0 43 0.0

Nickel- Acute 0 23 0.0

Nickel- Chronic 2 23 8.7

Nitrate 0 99 0.0

Nitrite 0 99 0.0

pH 43 188 22.9

Selenium- Acute 0 50 0.0

Selenium- Chronic 3 50 6.0

Silver- Acute 6 80 7.5

Silver- Chronic 6 80 7.5

Sulfate- Chronic (WS) 0 43 0.0

Sulfide NO DATA

Temperature 1 194 0.5

Uranium NO DATA

Zinc- Acute 75 172 43.6

Zinc- Chronic 115 172 66.9

All pa ramete rs 475 2427 19.6

Notes

4. Mercury concentrations have been measured on COGUUG10 only.

3. This standard applies to COGUUG10 only, all other segments have water supply 

designations.

1. The Arsenic- Chronic standard is 0.02 ug/l (TREC) for segments COGUUG 2, 7 and 9. For 

Segment COGUUG 10 the arsenic-chronic standard is 7.6 ug/l (TREC). The exceedance 

evaluation accounts for this difference.

2. Parameters with a (WS) designation denote standards criteria for water supply 

segments. These segments are COGUUG 2, 7 and 9. COGUUG10 is not designated as a 

water supply segment, thus results from the segment are not evaluated with respect to WS  

criteria.
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Figure 8.  Most Frequently Exceeded Water Quality Criteria, as a Percent of the Evaluations, in the 
Upper Slate River Watershed 

 

Water quality samples collected from Segment COGUUG10 on Redwell and Oh-Be-Joyful Creeks 

account for 77 percent of the water quality exceedances that occurred in the USR Watershed (Table 8).  

The other water quality exceedances occur on Segment COGUUG07, the Slate River (Table 8).  This 

requires additional investigation, as Oh-Be-Joyful Creek flows into the Slate River.  This issue will be 

addressed later in the spatial analysis (Section 5.0). 

Table 8.  Water Quality Exceedances by Regulatory Segment in the Upper Slate River Watershed 

 

To assess whether the findings presented in Table 8 are an artifact of sample frequency, the 

number of exceedances from each sample location was divided by the number of sample events at that 

location (Figure 9).  The results remain similar to those found in Table 8.  That is Redwell and Oh-Be-

Joyful Creeks (Segment COGUUG10) are the most problematic and may have a detrimental effect on the 

Regulatory Segment Total Exceedances Percent of Total

COGUUG02: Wilderness Tributaries 1 0.2

COGUUG07: Slate River 11 2.3

COGUUG07: Slate River below Oh-Be-Joyful1 94 19.8

COGUUG09: Slate River Tributaries 2 0.4

COGUUG10: Oh-Be-Joyful Creek 367 77.3

Watershed Total 475 100.0
Note:

1. The total for this segment includes SR-11a which is located below the confluence

with Coal Creek, just beyond the watershed boundary.
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Slate River (Segment COGUUG07).  Monitoring locations found on Redwell and Oh-Be-Joyful Creeks 

(Segment COGUUG10) exceeded water quality criteria more frequently than samples collected from 

other regulatory segments (Figure 9).  Samples collected from Redwell Creek (RW-X) have the highest 

number of exceedances per sample event (Figure 9).  The influence of Oh-Be-Joyful Creek on the Slate 

River is not readily apparent in Figure 9, but warrants additional investigation.  The next section 

addresses spatial trends in the watershed (Section 5.0). 

Figure 9.  Average Number of Water Quality Exceedances per Sample Event in the Upper Slate River 

Watershed
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5.0 SPATIAL ANALYSIS 

The USR data set includes 263 samples collected from 37 locations (Table 4 and Figure 4).  In the 

upper portion of the USR watershed samples have been collected from four locations on the Slate River 

(Figure 10).  Streams in Poverty Gulch have been sampled at 6 locations (Figure 10).  To date, only one of 

the locations in the upper portion of the watershed (SR-3a) has been sampled on more than one 

occasion.  SR-3a has been sampled five times (Table 4).  Historic mining in Poverty Gulch is well-

documented (Table 1).  Only a limited number of water quality samples have been collected to identify 

potential pollution sources in Poverty Gulch.  To date, mine features have not been sampled in this 

portion of the watershed. 

Redwell Basin and Oh-Be-Joyful Creek have the highest density of samples with 22 locations 

(Figure 11).  Most water quality work in the area has sought to characterize the impact of historic mining 

in Redwell Basin.  These sample events typically bracket mine features and tributaries in the study area 

to isolate potential pollution sources, which results in higher sample density.  Sample frequency ranges 

from 1 to 17 in this area (Table 4).  The mouth of Oh-Be-Joyful Creek (OBJ-4) has been sampled 17 times 

(Table 4).  Most locations in Redwell Basin have been sampled three or four times (Table 4).  The 

locations on Oh-Be-Joyful Creek that bracket Redwell Creek, OBJ-1 and OBJ-2 (Figure 11), have been 

sampled three times each (Table 4). 

The lower portion of the USR Watershed has the fewest sample locations (Figure 12) with the 

greatest sample frequency (Table 4).  Sample frequency ranges from 16 to 67 in the lower portion of the 

watershed (Table 4).  SR-11a, which lies just below the watershed outlet, is the most frequently sampled 

location in the USR data set (Figure 12, Table 4). 
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Figure 10.  Water Quality Monitoring Locations in the Upper Portion of the Upper Slate River 
Watershed, including Poverty Gulch. For all locations n=1; except SR-3a where n=5. 
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Figure 11.  Water Quality Monitoring Locations in the Oh-Be-Joyful and Redwell Basin Sub-watersheds of the 
Upper Slate River Watershed.  n ranges from 1 to 17 in this area; where n= 3 or 4 for most locations. 
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Figure 12.  Water Quality Monitoring Locations in the Lower Portion of the Upper Slate River 
Watershed.  n ranges from 16 to 67 in this area. 
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Dissolved zinc, cadmium and copper are among the most common pollutants in the USR 

Watershed (Figure 8).  Further, water quality impairments associated with these metals resulted in 

303(d) listing for Oh-Be-Joyful Creek (COGUUG10) and the Slate River below Oh-Be-Joyful Creek 

(COGUUG07-BOBJ).  To identify source areas in the USR Watershed, metal concentrations were 

incorporated into a GIS shape file, to display on a map (Figures 13 to 15).  Given the range in sample 

frequency among monitoring locations in the USR Watershed (Table 4), selecting a single approach to 

calculate a value for metal concentrations at each location was somewhat problematic (i.e. cannot 

present an 85th percentile for a sample frequency (n) of 1, but it is appropriate where n=67).  To address 

the variation in sample frequency, three approaches were used to calculate metal concentrations for 

each location.  Where sample frequency (n) equals 1 the only available metal concentration is reported; 

where n is 2 to 15 a median metal concentration is presented; where n is greater than 15 the 85th 

percentile value is used.  To provide a reference to regulatory standards in Figures 13 to 15, locations 

that are dark green or green generally meet regulatory criteria for the metal presented in the figure. 

Zinc concentrations are generally low in the upper portion of the USR Watershed (Figure 13).  

Poverty Gulch does not appear to be a substantial source of zinc; although Augusta and Baxter Creeks 

(AC-2 and BC-2, n=1) have slightly higher zinc concentrations than other locations in Poverty Gulch 

(Figure 13).  The zinc concentrations measured at AC-2 and BC-2, 22 and 21 ug/L, respectively, are below 

the chronic zinc criterion for the segment. 

Zinc concentrations in Oh-Be-Joyful Creek above Redwell Creek (OBJ-1a, OBJ-1b, OBJ-1c and 

OBJ-1; Figure 13) are lower than zinc concentrations measured below the confluence with Redwell 

Creek (OBJ-2, OBJ-4; Figure 13).  One sample from OBJ-1a had a zinc concentration of 37 ug/L; which 

exceeds the chronic criterion, 12.9 ug/L.  However, with just one sample it is difficult to determine 

whether the value is representative of typical conditions.  Other samples from the area have 

substantially lower zinc concentrations that range from below detection limits to 10 ug/L (Figure 13).  

Prior to the confluence with Redwell Creek, zinc concentrations are generally below regulatory criteria. 

Zinc concentrations are highest in Redwell Basin and immediately below the confluence with 

Oh-Be-Joyful Creek (Figure 13).  The median zinc concentration measured at the mouth of Redwell Creek 

was 3,580 ug/L.  The median concentration exceeds chronic (43.9 ug/L) and acute zinc criteria (50.7 

ug/L) by nearly two orders of magnitude.  This input increases zinc concentrations to 214 ug/L in Oh-Be-

Joyful Creek (Figure 13, OBJ-2).  Below the confluence with Redwell Creek, Oh-Be-Joyful Creek no longer 

meets regulatory criteria for zinc (OBJ-2; Figure 13).  Zinc concentrations are approximately four times 

the acute zinc criterion. 

Wolverine Creek also appears to deliver zinc to Oh-Be-Joyful Creek (Figure 13; OBJ-3, n=1).  The 

sample collected from Wolverine Creek (OBJ-3) had a zinc concentration of 149 ug/L. The concentration 

exceeds chronic and acute criteria.  The input of zinc from Redwell Creek, and to a lesser extent 

Wolverine Creek, is apparent in the zinc concentrations measured in both Oh-Be-Joyful Creek and the 

lower Slate River (Figure 13, OBJ-4, SR-8, SR-8a and SR-9).  An abandoned mine feature near the 

confluence of Oh-Be-Joyful Creek and the Slate River may also be a source of zinc. To date the mine 

feature has not be sampled. 
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Dissolved cadmium concentrations measured at SR-3a (n=5) are above the chronic cadmium 

standard, 0.27 ug/L, and near the acute cadmium standard, 1.00 ug/L (Figure 14).  AMLI data indicate 

that there are 11 abandoned mine features above SR-3a.  The pH and electrical conductivities measured 

at the abandoned mine features suggest that they may play a role in metal delivery to SR-3a.  However, 

the dispersed locations of these features do not provide a clear pathway for metal delivery.  A portion of 

the cadmium may be attributed to natural features.  Additional investigation is required to understand 

cadmium concentrations in the upper watershed. 

Poverty Gulch does not appear to be a source of cadmium in the USR Watershed (Figure 14); 

however, these locations were sample on only one occasion (Table 4).  In the samples collected to date, 

cadmium concentrations have not exceeded regulatory criteria in Poverty Gulch (Figure 14, Table 5). 

Redwell Basin is the primary source of cadmium in the USR Watershed (Figure 13).  Cadmium 

concentrations in Redwell Basin generally exceed the cadmium criteria by an order of magnitude or 

more (Figure 14 and Table 5).  Above Redwell Creek, Oh-Be-Joyful Creek has minimal cadmium 

concentrations, which are below regulatory criteria (Figure 14).  At the mouth of Redwell Creek (RW-13, 

n=6), the median cadmium concentration is 29.3 ug/L which is nearly 49 times the acute criterion (Figure 

14).  Below the confluence with Redwell Creek, cadmium concentrations increase substantially in Oh-Be-

Joyful Creek (Figure 14).  Below the confluence with Redwell Creek, at OBJ-2, the median cadmium 

concentration is 1.5 ug/L (n=3; Figure 14).  This concentration is about 2.5 times the acute cadmium 

standard (Table 5). 

Wolverine Creek, OBJ-3 (n=1), appears to deliver cadmium concentrations that are at or near 

the acute cadmium standard (Figure 13 and Table 5).  Cadmium concentrations are elevated at the 

mouth of Oh-Be-Joyful Creek (Figure 13, OBJ-4).  At the mouth of Oh-Be-Joyful Creek, cadmium 

concentrations are 1.4 ug/L (n=17, 85th percentile) or about twice the acute cadmium standard (Figure 

14). 

Downstream, cadmium concentrations decline as dilution occurs in the mainstem of the Slate 

River (Figure 14).  At SR-8, cadmium concentrations fall below 0.25 ug/L and meet regulatory criteria 

(Figure 14).  Cadmium concentrations remain low until the confluence with Coal Creek.  At SR-11a 

cadmium concentrations increase to 0.82 ug/L (n=67, 85th percentile) which is exceeds the chronic 

criterion, 0.27 ug/L and approaches the acute criterion, 1.00 ug/L (Figure 14).  This increase occurs due 

to inputs from Coal Creek (Figure 14).
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Figure 13.  Dissolved Zinc Concentrations in ug/L in the Upper Slate River Watershed 
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Figure 14.  Dissolved Cadmium Concentrations in the Upper Slate River Watershed 
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Figure 15.  Dissolved Copper Concentrations in ug/L in the Upper Slate River Watershed 
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Dissolved copper concentrations follow a pattern similar to dissolved cadmium concentrations 

(Figures 13 and 14).  Dissolved copper concentrations at SR-3a are somewhat elevated and warrant 

further investigation (Figure 15).  Poverty Gulch does not appear to be a source of copper (Figure 15).  

The impact of Redwell Creek on Oh-Be-Joyful Creek is clear (Figure 15). 

Above Redwell Creek, copper concentrations in Oh-Be-Joyful Creek are low and below 

regulatory criteria (Figure 15).  Below the confluence of Redwell Creek, median copper concentrations 

increase to 3.7 ug/L (n=3) in Oh-Be-Joyful Creek, which is just above the chronic criterion (Figure 15). 

Wolverine Creek (OBJ-3) does not deliver substantial quantities of copper to Oh-be-Joyful Creek 

(Figure 15).  The influence of Redwell Creek is apparent at the mouth of Oh-Be-Joyful creek, although 

the influence is more subtle than zinc and cadmium (Figure 15, OBJ-4).  Copper concentrations decline 

below regulatory criteria in the Slate River below Oh-Be-Joyful Creek as dilution occurs (Figure 15).  

However; copper concentrations are elevated relative to the upstream monitoring locations in the Slate 

River (Figure 15).  Copper concentrations increase below the confluence with Coal Creek at SR-11a 

(Figure 15). 

5.1 WATER QUALITY IN REDWELL BASIN 

Figures 13 to 15 clearly illustrate that Redwell Basin is the primary metal source in the USR 

Watershed.  The following paragraphs will present a more detailed discussion of water quality 

impairment in Redwell Basin.  The same water quality data that was prepared for the spatial analysis will 

be presented in a graphical format, to identify the contributions of specific features in Redwell Basin.  

The discussion and graphs that follow, present data in an upstream to downstream fashion (Figure 16 

and 17).  Also note that Figures 16 and 17 present metal concentrations on a log base-10 scale.  Log 

scales (i.e. 1, 10, and 100) are used to present data that varies widely and wouldn’t otherwise fit on the 

same graph. 

RW-3 is the uppermost monitoring location in Redwell Basin (Figure 10).  Three samples have 

been collected from this location (Table 4).  At RW-3, metal concentrations are much lower (often 

orders of magnitude lower) than other locations in Redwell Basin (Figures 16 and 17).  At RW-3 the 

water pH is near neutral, 6.79 s.u.  Dissolved aluminum, iron, cadmium and copper concentrations are 

low in the headwaters of Redwell Creek (Figures 16 and 17).  The median dissolved zinc concentration in 

the headwaters of Redwell Creek is 193 ug/L (Figure 16), which is well above the acute zinc standard, 87 

ug/L (Table 5).  The dissolved cadmium concentration also exceeds water quality standards.  The median 

sulfate concentration is low at 25 ug/L (Figure 17).  As a reference, the water supply standard is 250 

ug/L, but does not apply on this segment. 

Water quality samples collected from the artesian drill hole are referred to as RW-1.  At RW-1, 

metal concentrations increase dramatically over RW-3 and other upstream locations (Figures 16 and 17).  

Dissolved aluminum, iron and zinc concentrations increase by three orders of magnitude over upstream 

concentrations (Figure 16).  Copper concentrations increase by four orders of magnitude over upstream 

concentrations (Figure 17).  Like the results presented by Kimball et al. (2010) copper is derived primarily 

from anthropogenic sources.  Cadmium concentrations increase nine-fold from RW-3 to RW-1 (Figure 

17).  Sulfate concentrations increase six-fold from RW-3 to RW-1 (Figure 17); which indicates that the 
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Artesian Drill Hole supplies considerable acidity to the system.  At this location aluminum, iron, zinc, 

cadmium and copper concentrations exceed acute criterion (Figures 16 and 17).  These results are 

similar to and supportive of the findings presented in peer-reviewed research (Section 3.3). 

The Red Well, the naturally-occurring namesake of the basin, is monitored at RW-5.  The ratio of 

dissolved aluminum, iron and zinc delivered by the Red Well is similar to water from the Artesian Drill 

Hole (Figure 16).  However, water from the Red Well has lower concentrations of aluminum, iron and 

zinc (Figure 16).  Cadmium and sulfate concentrations follow a similar pattern, where concentrations are 

elevated, but not as high as those measured at the Artesian Drill Hole (Figure 17).  Copper 

concentrations measured at the Red Well are substantially lower than those measured at the Artesian 

Drill Hole (Figure 17).  This suggests that the two features share source waters, groundwater associated 

with the Molybdenum deposit and mineralized fracture network, but additional dilution occurs at the 

Red Well.  The Red Well is considered a fen (USFS, 2010).  Fens are unique groundwater fed wetland 

systems.  Given the hydrology of fens, some dilution with surface or groundwater seems reasonable.  

These results are consistent with those presented in peer-reviewed literature (Section 3.3). 

Metal concentrations decline at RW-7 as the stream attenuates inputs from the Artesian Drill 

Hole and the Red Well (Figures 15 and 16).  Although declines occur on this reach, from RW-5 to RW-7, 

metal concentrations are still one to two orders of magnitude higher than concentrations measured in 

the headwaters of Redwell Creek (Figures 16 and 17).  With the exception of iron at RW-7, metal 

concentrations exceed acute criterion for aluminum, zinc, cadmium and copper (Figures 16 and 17). 
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Figure 16.  Dissolved Aluminum, Iron and Zinc Concentrations in Redwell Basin 

 

 

Figure 17.  Dissolved Cadmium, Copper and Total Sulfate Concentrations in and downstream of Redwell Basin 
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The concentrations of all metals increase when input from the Daisy Mine enters the system 

(Figures 16 and 17).  The Daisy Mine (RW-8) is a particularly large source of zinc (Figure 15).  The zinc 

supplied by the Daisy Mine exceeds all other sources (Figure 16).  The water collected from RW-9 and 

RW-9a emanates from seeps found in the spoils downslope of the Daisy Mine.  The metal 

concentrations are very similar to those measured at the Daisy Mine (Figures 16 and 17).  It’s possible 

that flow from sample locations RW-9 and RW-9a is derived from the Daisy Mine.  Water from these 

sample locations exceed regulatory criteria by two to four orders of magnitude for acute aluminum, 

iron, zinc, cadmium and copper (Figures 16 and 17).  Samples collected from mine related features (i.e. 

RW-8, RW-9, RW-9a and RW-1) supply most of the copper found in Redwell Basin; Kimball et al. (2010) 

noted a similar pattern. 

Samples collected at the outlet of upper Redwell Basin (RW-12) have elevated metal 

concentrations.  Metal concentrations decline relative to the concentrations measured at the Daisy 

Mine and immediately below it (Figures 16 and 17).  However, metal concentrations are still two orders 

of magnitude greater than the concentrations measured in the headwaters of Redwell Creek (Figures 16 

and 17).  Aside from iron, metal concentrations exceed regulatory criteria at the outlet of upper Redwell 

Basin (Figures 16 and 17). 

Iron concentrations fall substantially from the outlet of Upper Redwell Basin, RW-12, to the 

mouth of Redwell Creek, RW-13 (Figure 16).  Most likely, iron precipitates from the system as Redwell 

Creek flows to Oh-Be-Joyful Creek; iron staining is evident in the channel.  Aside from iron, dissolved 

metal concentrations at the mouth of Redwell Creek, RW-13, remain similar to those measured at the 

outlet of the upper basin, RW-12 (Figures 15 and 16). 

At the mouth of Redwell Creek, RW-13 (n=6), aluminum, zinc, cadmium and copper exceed 

acute water quality criteria (Figures 16 and 17).  The median aluminum concentration was 1,550 ug/L or 

approximately 18 times the acute criterion (87 ug/L).  The median zinc concentration was 3,580 ug/L or 

almost two orders of magnitude higher than the acute criterion (50.7 ug/l, Figure 16).  The median 

cadmium concentration was 29.30 ug/L (Figure 17).  This value is about 50 times the acute criterion.  

The median copper concentration was 101 ug/L or about 25 times the acute criterion of 4.26 ug/l (Figure 

17). 

6.0 TEMPORAL ANALYSIS 

To evaluate change through time, or seasonality, the data set must include data collected 

throughout the year.  Most samples collected in the USR Watershed were collected during September, 

August and July (Figure 18).  The USR data set is biased to late summer months where flow tends to be 

low (Figure 18).  Winter sample collection, from December to March, is relatively low but not excessively 

so, given the access constraints due to accumulated snow and ice in the USR Watershed.  However, 

nearly all of the samples collected in the winter months were collected by the USGS at locations found in 

the lower portion of the watershed (SR-8, SR-8a, SR-9; Figure 12).  The USGS has not collected data in 

the watershed since 2003.  Sample collection in the spring months, April, May and June, is slightly higher 

than in the winter (Figure 18).  Peak flows occurs following snowmelt, typically in May or June.  More 

frequent sample collection in the late spring would allow for better characterization of “dilute 
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chemistry” that is most likely to occur during peak flow.  Similarly, fall flows in October and November 

represent base flow conditions; where groundwater inputs comprise most of the stream flow.  These 

conditions are characterized at a level similar to the spring months in the USR Watershed (Figure 18).  

Like the winter months, most of the water samples collected in the spring and fall were collected by the 

USGS, which has not sampled in the watershed since 2003.  So to maintain a reasonable picture of 

seasonality, sample collection should occur throughout the year, not just in the summer. 

Figure 18.  Sample Collection by Month in the Upper Slate River Watershed 

 

Sample frequency varies widely among the 37 water quality monitoring locations in the USR 

Watershed (Table 4).  Many locations have been sampled on one occasion, while a small number have 

been sampled 20 times or more (Table 4).  Temporal analyses require many samples from a single 

location.  Samples collected over time are evaluated relative to one another to assess change through 

time.  The USR data set includes data from five locations that are well-suited to temporal analyses (Table 

9).  All of these locations are found in the lower portion of the USR Watershed (Figures 11 and 12). 

Table 9.  Most Frequently Sampled locations in the Upper Slate River Watershed 

 

 SR-8a was selected for additional analysis because it is the most frequently sampled location 

above the confluence with Coal Creek (Table 9, Figure 12).  Figures 19 to 22 present chemical 

concentrations measured throughout the year, over the period of record (1995 to 2003) for SR-8a.  The 

temporal analyses evaluate four parameters: hardness, cadmium, copper and zinc (Figures 19 to 22).  

Hardness concentrations effect the chronic and acute criterion for TVS-dependent metals.  Cadmium, 

copper and zinc were selected due to the 303(d) listing for this portion of the Slate River.  

Monitoring 

Location ID
Location Description

Number 

of 

Samples

Period of 

Record

SR-11a Slate River near the Cemetery 67 1995 to 2004

SR-8a Slate River above Coal Creek 57 1995 to 2003

SR-7a Slate River above Oh-Be-Joyful Creek 30 1995 to 2000

OBJ-4 Oh-Be-Joyful above the Slate River 17 1995 to 2009

SR-8 Slate River below Oh-Be-Joyful 16 1996 to 2009
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 Hardness concentrations are important for two reasons.  First, hardness in the stream system 

increases buffering capacity, which is the water’s ability to assimilate acidity without a decrease in water 

pH.  Buffering capacity influences pH, which generally controls metal solubility.  Second, hardness 

concentrations are used to establish several regulatory criteria (i.e. TVS criteria).  Thus, understanding 

patterns in hardness concentrations is important to an overall understanding of the watershed.  At SR-

8a, hardness concentrations are typically lowest during May, June and July when snowmelt is underway 

(Figure 19).  Hardness concentrations are usually highest during the winter and fall months, during 

periods of low flow (Figure 19).  Hardness concentrations vary the most widely during August and 

September (Figure 19).  The variation in hardness during the late summer and early fall may be due to 

intense precipitation events (and subsequent runoff) during periods of relatively low flow. 

Figure 19.  Variations in Hardness Concentration over Time at SR-8a 

 

 Trends in cadmium concentrations are more difficult to interpret as cadmium concentrations at 

SR-8a tend to be near or below method detection limits, which creates the zero values presented in 

Figure 20.  The more recent measures from 2001 to 2003 appear to have higher concentrations than 

older data, but that may be an artifact of improved detection limits from more recent analyses, not an 

actual change in water quality (Figure 20).  Given the limitations mentioned above, it seems that 

cadmium concentrations follow a pattern similar to other metals, where concentrations increase during 

snowmelt in April, May and June and peak as flows recede in July or August (Figure 20).  Cadmium 

concentrations appear to be lowest during the winter months (Figure 20). 
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Figure 20.  Variations in Cadmium Concentrations over Time at SR-8a 

 

Copper concentrations at SR-8a increase as snowmelt begins in April and May (Figure 21).  

Copper concentrations tend to peak in June or July, typically after peak flows occur (Figure 21).  Copper 

concentrations at SR-8a are lowest during the late fall and winter months (Figure 21).  Method detection 

limits also limit interpretation of copper concentrations. 

Figure 21.  Variations in Copper Concentrations over Time at SR-8a 

 

 Zinc concentrations at SR-8a show more variation than cadmium and copper 

concentrations (Figure 22).  However, the general trend where metal concentrations increase and 

recede with peak flows is somewhat apparent (Figure 22).  Zinc concentrations are typically lowest 

during the late fall and winter (Figure 22). 
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Figure 22.  Variations in Zinc Concentrations over Time at SR-8a 

 

Hardness concentrations tend to be lowest during the early summer (Figure 19).  The decrease 

in hardness reduces the river’s buffering capacity.  Metal concentrations (Figures 20, 21 and 22) tend to 

peak during early or mid-summer.  Peak metal concentrations at SR-8a occur when buffering capacity is 

reduced.  Each of the data sets presented in Figures 19 to 22 underscore the need for additional data 

and suitable method detection limits (i.e. lower detection limits).  Each additional data point will 

increase the certainty associated with the previously mentioned trends. 

7.0 DATA GAP ANALYSIS 

The following sections discuss areas or items where additional investigation will improve our 

understanding of the USR Watershed.  Table 10 summarizes the discussion. 

7.1 SURFACE WATER RESOURCES 

In general, the upper portion of the USR Watershed is poorly characterized; particularly in and 

above Poverty Gulch.  Cadmium and copper concentrations measured at SR-3a (Figures 13 and 14) 

suggest that abandoned mines or uncharacterized tributaries in the upper watershed are a source of 

metals.  Additional sample collection should occur to delineate the source of these metals.  The AMLI 

identified 43 abandoned mine features in Poverty Gulch.  To date, only six samples have been collected 

from this area and none of the locations were identified as abandoned mine features (Figure 7, Table 4).  

Although the water quality data does not indicate impairment, additional investigation should occur to 

provide additional certainty and better spatial coverage; particularly for abandoned mine features.  At a 

minimum, future sample locations should bracket the tributaries that drain Baxter, Augusta and Mineral 

Point Basins and include samples collected from the most prominent mine features (Figure 7 and Table 

1). 

Even though the system is complex Redwell Basin is relatively well-characterized.  Inputs from 

the Daisy Mine, Artesian Drill Hole and the Aluminum Pond have been identified as the primary 

anthropogenic sources in Redwell Basin.  Natural background water quality is impaired due to geologic 
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structure, mineralization and groundwater inflows.  Both USR and academic data support these findings.  

Peer-reviewed research suggests that pre-mining water quality conditions are not likely to meet 

regulatory criteria for several metals (Kimball et al., 2010).  Monitoring in Redwell Basin should continue 

to improve our understanding of metal loading under various flow regimes. 

There is an un-sampled historic mine complex near the confluence of Oh-Be-Joyful Creek and 

the Slate River.  This feature is a potential source of metals in a sensitive area with substantial public 

use.  Understanding potential metal loads from this feature is crucial as the feature drains into the Slate 

River, a 303(d) listed segment. 

In 2010, BLM personnel collected four macro invertebrate samples in the USR Watershed.  The 

sample locations bracketed the Oh-Be-Joyful Campground and Oh-Be-Joyful Creek.  The samples provide 

a baseline for future monitoring and evaluation efforts. 

7.2 GROUNDWATER RESOURCES 

DRASTIC scores in the USR Watershed indicate that groundwater in some areas of the lower 

watershed are susceptible to potential contamination based on the characteristics of the watershed 

(USFS, 2010).  The final DRASTIC index rating (USFS, 2010) is presented with groundwater wells in the 

USR Watershed in Figure 18.  There are 38 wells in the USR Watershed (Figure 18, CDRW, 2011).  Nearly 

all of the wells are concentrated in the lower watershed, adjacent to the Slate River (Figure 18).  There 

are four wells in the river corridor where groundwater surface water exchange is likely (i.e. high DRASTIC 

scores and shallow well depths) (Figure 18).  At these locations, well depth ranges from 15 to 37 feet.  

Surface water monitoring location SR-8a is in the vicinity of these wells, and could provide a useful 

reference, if groundwater monitoring occurs.  As distance from the river increases, well depth increases 

dramatically and the groundwater is likely more isolated from surface water.  Groundwater sampling has 

not occurred in the watershed.  Appropriate sample design and monitoring objectives should be 

established prior to sample collection. 

7.3 WATERSHED HEALTH INDICATORS 

 Watershed health indicators are features or practices that affect water quality through 

ecosystem services.  Wetlands and terrestrial habitat influence water quality through water storage and 

filtration, sediment delivery and nutrient cycling.  The USFS has identified several wetlands in the USR 

Watershed (Figure 4).  This inventory is the most quantitative data collected to date on watershed 

health indicators.  Other interest areas include riparian and wetland health or function, channel 

morphology and stability, sediment delivery and erosion, forest health (especially as it relates to beetle 

kill and other diseases), and finally grazing and other land uses.  USFS and State Forest Service personnel 

have some data on beetle kill within the USR Watershed.  As more information becomes available, it will 

be incorporated into the watershed plan.  This broad category requires additional data collection, as 

well as substantial internal and public discussion to prioritize the items mentioned above. 
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Figure 23.  DRASTIC Ratings and Groundwater Well Locations in the Upper Slate River Watershed 
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Table 10.  Data Gap Summary for the Upper Slate River Watershed 

 

8.0 CONCLUSIONS 

In recent years several organizations have collected water quality data in the USR Watershed.    

This set of baseline data will guide future water quality monitoring efforts and inform the Watershed 

Plan.  Collectively, these organizations have sampled 37 locations 263 times.  Four of the monitoring 

locations are associated with abandoned mine features or drainages.  To date, the only mine features 

sampled in the USR Watershed are in Redwell Basin (Figure 5).  A notable amount of historic mining also 

occurred in Poverty Gulch, but those features have not been sampled.   

Additional monitoring is required to characterize water quality in the USR Watershed, especially 

in Poverty Gulch and the headwaters of the Slate River.  The data set should also be expanded to include 

macro invertebrate samples and other evaluations to assess riparian and wetland health.  Additional 

samples and collection methods will provide a more comprehensive understanding our watershed. 

Overall, the Upper Slate River Watershed has high quality water.  Eighty percent of all water 

quality evaluations meet regulatory criteria (Figure 5).  Historic mining in Redwell Basin is the primary 

anthropogenic cause of water quality impairment.  Unique geochemical conditions also influence water 

quality in Redwell Basin.  Metals derived from Redwell Basin impair water quality in Redwell Creek.  

Redwell Creek delivers a substantial metal load to Oh-Be-Joyful Creek.  Increased metal concentrations 

are apparent in the Slate River below Oh-Be-Joyful Creek.  

Area or Item Issue Objective Proposed Method

Upper portion of the USR Watershed (above SR-3a)

Metal concentrations measured at this 

location are elevated. Several mine features 

identified, but not water quality and quantity 

have not been measured.

To characterize metal sources and determine 

whether they are anthropogenic or natural. 

Water quality samples and flow 

measurements

Poverty Gulch and tributaries

Low sample frequency. Several mine 

features identified, but not water quality and 

quantity have not been measured.

To characterize metal sources and determine 

whether they are anthropogenic or natural. 

Water quality samples and flow 

measurements

Redwell Basin

Excessive metal loading from anthropogenic 

and natural sources. 303(d) listed segment, 

with TMDL development underway.

Continue data collection to improve 

understanding of water quality dynamics in 

Redwell Basin. Provide additional data for 

regulatory proceedings. 

Water quality samples and flow 

measurements

Oh-Be-Joyful Creek

Metal loading from Redwell Basin that 

results in water quality impairment. 303(d) 

listed segment, with TMDL development 

underway.

Increase sample frequency to understand 

metal loading in Oh-Be-Joyful Creek and the 

Slate River. Provide additional data for 

regulatory proceedings. 

Water quality samples and flow 

measurements

Mainstem of the Slate River

Current data indicates that the upper portion 

of the watershed and Oh-Be-Joyful Creek 

deliver metals to the Slate River.

Increase sample frequency to understand 

metal loading to the Slate River. Provide 

additional data for regulatory proceedings. 

Water quality samples and flow 

measurements

Macro Invertebrates

Very limited data available. New regulatory 

criteria associated with macro invertebrate 

populations.

Increase sample frequency and spatial 

distribution. Priority sample locations 

include: headwaters of the Slate River, 

mouth of Poverty Gulch, mouth of Redwell 

Basin,  and Oh-Be-Joyful Creek.

Macro invertebrate sample 

collection with CDPHE protocol

Channel Stability and Sediment Budget
Channel change adjecent to the Oh-Be-Joyful 

Campground may alter current land use. 

Support BLM efforts to understand sediment 

delivery characteristics and channel stability 

in the Slate River.

---

Riparian and Wetland Health
Limited data available regarding health and 

function of inventoried wetlands.

Discuss current state of knowledge with USFS 

Staff. 
---

Grazing and Other Land Uses
Limited data available regarding land use 

management strategies.

Discuss current state of knowledge with USFS 

Staff. 
---

Groundwater Quality
Groundwater quality data has not been 

collected in the USR Watershed.

Collect baseline data. Use DRASTIC Report 

findings to select potential sample locations. 

Investigate appropriate methods. 

---

Public Outreach
An effective Watershed Plan must 

incorporate stakeholder views. 

Assure stakeholder group is inclusive. Use a 

consensus based approach to identify 

priority issues.

---
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n samples Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average

COGUUG02 1 39.00 39.00 39.00

COGUUG07 94 27.60 124.00 54.10 586.72 4592.48 1474.76 0.55 2.05 1.00 4.00 16.46 7.53 15.52 81.56 32.89 1944.51 3207.46 2433.16 157.57 561.69 278.45 0.22 2.94 0.71 47.84 172.22 84.91

COGUUG09 6 32.70 115.35 56.75 740.08 4159.48 1574.38 0.64 1.93 1.04 4.69 15.37 7.88 18.77 75.42 34.67 2057.50 3131.13 2472.16 181.87 528.36 289.93 0.30 2.59 0.77 55.28 161.92 88.44

COGUUG10 66 8.00 78.00 29.53 107.62 2434.05 643.66 0.19 1.37 0.59 1.24 10.63 4.26 3.80 49.22 16.74 1287.25 2748.53 1988.81 55.27 379.47 166.85 0.03 1.32 0.25 16.65 116.00 50.68

Regulatory Segment
Hardness (mg/L)

Aluminum- TREC (ug/L)

942.04

Acute TSV: Hardness-Dependent Standards

Dissolved Zinc (ug/L)Dissolved Cadnium (ug/L) Dissolved Copper (ug/L) Dissolved Lead (ug/L) Dissolved Manganese (ug/L) Dissolved Nickel (ug/L)

22.865.530.75

Dissolved Silver (ug/L)

211.11 0.40 64.242181.86

n samples Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum Average

COGUUG02 1 39.00 39.00 39.00

COGUUG07 94 27.60 124.00 54.10 80.25 628.16 201.72 0.16 0.50 0.27 2.98 10.76 5.30 0.60 3.18 1.28 1074.34 1772.13 1344.32 17.50 62.39 30.93 0.01 0.11 0.03 5.96 169.15 26.67

COGUUG09 6 32.70 115.35 56.75 101.23 568.93 215.34 0.18 0.47 0.28 3.45 10.12 5.52 0.73 2.94 1.35 1136.77 1729.95 1365.87 20.20 58.68 32.20 0.01 0.10 0.03 47.93 140.39 76.68

COGUUG10 66 8.00 78.00 29.53 14.72 332.93 88.04 0.06 0.35 0.17 1.03 7.24 3.16 711.21 1518.56 1098.82 6.14 42.15 18.53 0.00 0.05 0.01 14.43 100.57 43.94

Notes

1. The chronic aluminum standard is pH dependent. Where pH is less than 7, 87 ug/L TREC aluminum will be used as the standard as it is more strigent than the hardness-dependent values. Where pH is greater than 7, the hardness-dependent values in the table will be used for the evaluation.

0.010.21

Regulatory Segment

Aluminum- TREC (ug/L)1

128.85

Chronic TSV: Hardness-Dependent Standards

Hardness (mg/L) Dissolved Cadnium (ug/L) Dissolved Copper (ug/L) Dissolved Lead (ug/L) Dissolved Manganese (ug/L) Dissolved Nickel (ug/L) Dissolved Silver (ug/L) Dissolved Zinc (ug/L)

12.87

NA

4.01 0.89 1205.48 23.45


