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Assessment of Water Quality in the Upper Yampa River 

Watershed, Colorado, 1975-2009 

By Nancy J., Bauch, Jennifer L. Moore, and Keelin R. Schaffrath 

Abstract  

Around 2006, stakeholders in the Upper Yampa River watershed (UYRW) in northwestern 

Colorado expressed a need for a compilation and evaluation of the available historic water-quality data 

in the watershed to assess effects of growth, identify temporal and spatial gaps within available data, 

and evaluate data for spatial and temporal trends. The U.S. Geological Survey (USGS), in cooperation 

with Routt County, the Colorado Water Conservation Board, and the City of Steamboat Springs, 

initiated a study in late 2008 to compile water-quality data and assess water-quality conditions in the 

watershed. Water-quality data for selected physical properties and chemical constituents collected from 

streams, lakes and reservoirs, and groundwater wells for various time periods from 1975 through 2009 

are summarized, analyzed for spatial and temporal distribution and temporal trends, and compared to 

State and Federal water-quality standards and recommendations. The availability and characteristics of 

macroinvertebrate data for the watershed are discussed. The UYRW includes the Elkhead Creek 

drainage basin and the Yampa River drainage basin upstream from Elkhead Creek.  

Water-quality data were compiled for 211 stream sites located throughout much of the 

watershed. Data for physical properties, total dissolved solids and major ions, nutrients, trace elements, 
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coliform bacteria, and suspended sediment collected from 1975 through 2009 were analyzed. A 

statistically significant downward trend in specific conductance was identified for a site on the Yampa 

River in Steamboat Springs for 1997–2008. Most values of pH, water temperature, and dissolved 

oxygen met Colorado Department of Public Health and Environment (CDPHE) water-quality standards. 

The primary water type in many subbasins in the watershed was a calcium bicarbonate type.  

Dissolved nitrite in most stream samples were less than laboratory reporting limits. All sites 

were in attainment of the CDPHE water-quality standard. Dissolved nitrate concentrations in all samples 

collected after 1988 but one were less than 1 milligram per liter. All sites were in attainment of the 

CDPHE drinking-water standard of 10 or 100 milligrams per liter, depending on stream segment. Four 

samples of unfiltered total ammonia collected at three sites during 1975 or 1976 had concentrations 

greater than the calculated CDPHE standard. Twelve percent of samples with unfiltered total 

phosphorus data had concentrations greater than U.S. Environmental Protection Agency recommended 

levels to control eutrophication in downstream waters. A statistically significant upward trend in 

unfiltered total phosphorus was identified for a site on the Yampa River in Steamboat Springs for 1997–

2008. The rate of change was small, 0.001 milligrams per liter per year. The upward trend may reflect 

population growth and land-use changes that have occurred upstream from the site.  

Two-thirds of the concentration data for many trace elements, including dissolved and total 

recoverable cadmium, chromium, lead, nickel, and silver, dissolved copper and zinc, and total 

recoverable mercury were less than laboratory reporting levels. Elevated concentrations were detected 

for total recoverable iron, aluminum, and manganese, and dissolved iron, manganese, and strontium, 

particularly for stream samples collected in the Yampa River subbasins downstream from the Elk River. 

CDPHE water-quality standards were met for many trace elements. However, 29 sites were not in 

attainment of aquatic-life or water-supply standards for dissolved copper, total recoverable iron, 



DRAFT – DO NOT CIRCULATE. SUBJECT TO REVISION 
 

 3 

dissolved iron and manganese, and(or) dissolved selenium. Many of the sites were in the Yampa River 

subbasins downstream from the Elk River. 

Coliform bacteria data were available for 432 samples collected from 89 stream sites during 

1975–76 and 1998–2009. Concentrations of total and fecal coliform were less than 400 or 200 colonies 

per 100 milliliters, respectively, in 80 percent or more of the samples collected. Concentrations of 

Escherichia coli in five samples collected from 1994 through 2003 were greater than the CDPHE 

recreation standard of 126 colonies per 100 milliliters. Exceedances could be due to recreational users of 

the river and wildlife and livestock.  

Water-quality data for Lake Elbert, Long Lake Reservoir, Stagecoach Reservoir, Steamboat 

Lake, and Elkhead Reservoir were summarized or analyzed for this report for various periods of record. 

Water in Lake Elbert and Long Lake Reservoir from the mid-1980s through 2008 was very dilute; 

median values for specific conductance were 11.1 and 19.7 microsiemens per centimeter, respectively. 

The reservoirs have little capacity to neutralize inputs of acidic water. All dissolved sulfate and nitrate 

concentrations met CDPHE water-quality standards. CDPHE standards for pH and dissolved iron and 

manganese were not met for 22 samples; most commonly for pH measured at Lake Elbert. Stagecoach 

Reservoir and Steamboat Lake were vertically stratified during July 2006. Dissolved-oxygen 

concentrations less than 1 milligram per liter at depth indicated anoxic conditions. Measurements of 

physical properties in Elkhead Reservoir from July 1995 through August 2001 indicated that the 

reservoir was stratified during summer and late winter and mixed during spring and fall. Some 

measurements of dissolved oxygen showed anoxic conditions could be present during stratification. The 

reservoir trophic status ranged from oligotrophic to eutrophic; phosphorus was the limiting nutrient in 

more samples (52 percent) than nitrogen (9 percent of samples). 
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A total of 817 water-quality samples collected from 328 wells in 12 aquifers and one unknown 

aquifer from 1975 through 1989 and 1998 were analyzed for physical properties, total dissolved solids 

and major ions, nutrients, and trace elements. The sampled wells were concentrated in the middle two-

thirds of the watershed west from the mountains. More samples of groundwater were collected from the 

unknown aquifer and Mesaverde Group and terrace alluvial aquifers than other aquifers. 

Specific conductance as higher in sedimentary rocks aquifers with a marine origin than a 

nonmarine origin. Most values of pH were within the Colorado Department of Public Health and 

Environment water-quality standard for groundwater. No one cation was dominant in the watershed. 

Water type for anions was bicarbonate or bicarbonate and sulfate. About one-half of the samples had 

dissolved sulfate concentrations that were greater than the Colorado Department of Public Health and 

Environment standard. Exceedances were most common for samples from wells in the terrace alluvium, 

Mesaverde Group, and unknown aquifer.  

All dissolved nitrite concentrations in groundwater samples were low, well below the Colorado 

Department of Public Health and Environment standards for drinking water and livestock watering. 

Median concentrations of dissolved nitrate pus nitrite in sample from all geologic units and the 

unknown aquifer were 1.5 milligrams per liter or less. The Colorado Department of Public Health and 

Environment standard was exceeded in around 4 percent of samples collected, primarily from wells in 

the Yampa coal field. Dissolved and unfiltered total phosphorus concentrations were low; 95 percent 

were less than 0.1 milligram per liter.  

Concentrations of many trace elements in groundwater samples were low; more than 80 percent 

of the samples collected for dissolved antimony, beryllium, cadmium, chromium, cobalt, copper, lead, 

mercury, molybdenum, nickel, and silver had concentrations less than laboratory reporting levels. The 

highest concentrations were detected in samples for dissolved aluminum and boron, dissolved and total 
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recoverable iron, and dissolved manganese, strontium, and zinc. Colorado Department of Public Health 

and Environment water-quality standards were met or rarely exceeded for dissolved antimony, arsenic, 

beryllium, cadmium, chromium, copper, lead, molybdenum, nickel, and silver. Dissolved iron 

concentrations were elevated in some samples collected from aquifers in valley-fill deposits, Mancos 

Shale, Mesaverde Group floodplain alluvial aquifers, and the unknown aquifer. Concentrations in 10 

percent of samples did not meet the Colorado Department of Public Health and Environment standard. 

Median concentrations of dissolved manganese for samples collected from the terrace alluvium, 

Mesaverde Group, and unknown aquifer were greater than the Colorado Department of Public Health 

and Environment standard, as were individual samples collected from the Upper Cretaceous series, 

valley-fill deposits, and Precambrian Erathem. In total, more than one-half of the dissolved manganese 

samples did not meet the standard. Exceedances of dissolved iron and manganese standards were most 

common in samples collected from wells in the Yampa coal field. Most dissolved selenium 

concentrations were less than laboratory reporting levels. Dissolved strontium samples only were 

collected from the unknown aquifer. Concentrations greater than 1,000 micrograms per liter were 

typical of samples collected from well in the Yampa coal field. Just over one-quarter of the 

concentrations of dissolved zinc was less than laboratory reporting levels. The Colorado Department of 

Public Health and Environment water-quality standard for zinc was not exceeded.  

Macroinvertebrate community and population data were available for 66 stream sites in the 

UYRW for various periods of time between 1975 and 2008. A summary of results from one study of 

Yampa River sites in Steamboat Springs indicated that changes observed in community characteristics 

between 2004 and 2008 may be due to natural variation rather than human activities. 

Synthesis of water-quality data indicates that the values and concentrations of many physical 

properties and constituents in stream water samples for the Upper Yampa River watershed were 
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dependant on the geology of the drainage basin of a stream. Many values and concentrations reflected 

natural conditions. Higher water temperature in the Yampa River in Steamboat Springs and higher total 

phosphorus concentrations in many streams may result from human activities that include hydrologic 

and channel modifications and urban and agricultural runoff. Values and concentrations of physical 

properties and constituents in well-water samples of groundwater were dependant on the depositional 

environment of the geologic material in the aquifer and various geochemical processes. Higher values 

and concentrations of many physical properties and constituents in samples from wells in the Yampa 

coal field were reflected in higher value and concentrations in streams in subbasins of the watershed that 

included the Yampa coal field. 

Introduction 

The Yampa River, the largest primarily unregulated tributary to the Colorado River in the Upper 

Colorado River basin, is a highly valued resource known for its biological diversity, largely unaltered 

natural condition, and generally high water quality. The Upper Yampa River watershed (UYPW, 

defined in this report as the Elkhead Creek drainage basin and the Yampa River drainage basin upstream 

from Elkhead Creek; fig. 1) is undergoing increased land and water development to support growing 

municipal demands, recreational tourism, and second-home development which presents new, modern-

day water-quality challenges. Stakeholders in the UYRW that rely on and manage the water resources of 

the watershed are interested in the assessment of water quantity and water quality to aid in the 

preservation and management of the UYRW. A watershed plan for the Yampa River basin was 

developed in 2002 for the Colorado Department of Public Health and Environment (CDPHE) and the 

Yampa River Basin Partnership (Montgomery Watson Harza, 2002). The main goals of the plan were to 

address water quality concerns and provide for the maintenance of high quality water in the Yampa 

Basin. In 2008, local and state stakeholders including Routt County, the Colorado Water Conservation 



DRAFT – DO NOT CIRCULATE. SUBJECT TO REVISION 
 

 7 

Board and the City of Steamboat Springs expressed a need for a compilation and evaluation of the 

available historic water-quality data in the UYRW, assessing effects of growth and associated land-use 

change, indentifying temporal and spatial gaps within available data, and evaluating spatial and 

temporal trends. In 2009 the U.S. Geological Survey (USGS), in cooperation with Routt County, the 

Colorado Water Conservation Board, and the City of Steamboat Springs, initiated a study to compile 

water-quality data and assess water-quality conditions in the UYRW. Specific objective of the study 

were to: 

 Develop and maintain a web-accessible water-quality database that provides agencies, researchers, 

consultants, and interested stakeholders equal access to historic and current water-resources 

information, 

 Evaluate available water-resources data for uniformity and ability to meet the needs of water and 

land resource managers and decision makers as well as the public and other stakeholders, perform 

and publish an assessment of water-resource conditions, 

 Design and implement regional monitoring strategies to effectively fill identified data gaps by 

reducing duplication of effort while still meeting a broad base of data collection objectives, and  

 Upon implementation of the monitoring program, periodically assess the new data to update what is 

known about factors affecting water-resource conditions. 

Figure 1. Location of the Upper Yampa River watershed, Colorado 

Purpose and Scope 

This report presents a summary and analysis of water-quality data collected by Federal, State, 

and local agencies in the UYRW from 1975 through 2009. Data provided in an electronic format were 

compiled into a web-accessible USGS water-quality database for the UYRW (available at 
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http://rmgsc.cr.usgs.gov/cwqdr/Yampa/index.shtml). Water-quality data (physical properties, discharge, 

dissolved solids, major ions, nutrients, trace elements and uranium, coliform bacteria, and suspended 

sediment) for streams, lakes, and reservoirs, and groundwater wells were retrieved from this database 

for analysis in this report. Selected water-quality properties and chemical constituents in the watershed 

were analyzed to (1) characterize the water quality in the study area, (2) identify spatial and seasonal 

variability, (3) provide comparisons to Federal and State standards, and (4) identify trends and temporal 

changes. Macroinvertebrate populations and distributions also are discussed. 

Study Area 

The UYRW drains approximately 1,800 square miles of the Yampa River watershed west of the 

Continental Divide in northwestern Colorado (fig. 1) (U.S. Geological Survey, 2010). The boundaries of 

the watershed extend from the Williams Fork and Flat Top Mountains in the southwestern and southern 

portions of the watershed, respectively, to the Gore and Park Ranges and the Continental Divide to the 

east and to the Elk River and Elkhead Creek drainages to the north and west, respectively. Altitudes in 

the watershed range from over 12,000 feet (ft) in the Flat Top Mountains and Park Range to 6,400 ft 

near the confluence of the Yampa River with Elkhead Creek west of the town of Hayden. The UYRW is 

almost entirely contained within Routt County, with small portions in Grand, Garfield, Moffat and Rio 

Blanco counties. 

Human activity in the UYRW began as long as 1,000 years ago when the Native Americans used 

the Yampa River valley for summer hunting 

(http://yampavalley.info/centers/history_%2526_genealogy, accessed October 2010). Trappers came to 

the valley around 1820; development of the valley was sparked with the 1861 discovery of gold at 

Hahn’s Peak in the northern Elk River basin. The vast coal resources in the region and the potential of 

grazing lands were noted by Ferdinand Hayden during a 1874 survey across northwestern Colorado 

http://yampavalley.info/centers/history_%2526_genealogy�
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(Mehls and Mehls, 1991). Initially, coal was mined for local use; larger-scale production began in 1909 

with improved transportation to and from Steamboat Springs. For the greater part of the past century, 

ranching, including hay and wheat production, and mining were the economic bases of the valley. More 

recently, recreational-based tourism (skiing, fishing, hunting, rafting, camping, and the like) and second-

home development began to play an important economic role. These accounted for approximately 45 

percent of the total jobs in the Routt County during 2008 (State Demography Office, 2010a). The 

Steamboat Springs Ski Resort attracts skiers from around the world. During the 2008-2009 ski season, 

the number of skier days (skier day is one individual visiting a ski area for skiing or snowboarding for 

any part of one day) at Steamboat Ski resort was 959,603 (C. Bannister, Colorado Ski Country USA, 

oral commun., 2010). Agriculture and coal mining each accounted for only about 2.5 percent of the total 

jobs during 2008.  

The population of Routt County during 2008 was estimated at 23,738 (State Demography 

Office, 2010b). The largest township was Steamboat Springs (11,939), followed by Hayden (1,894) 

(estimated populations for 2008). About 35 percent of the population in the county lived in 

unincorporated areas. From 2000 through 2008, the population of Routt County grew by more than 18 

percent and was largely driven by recreation-related tourism. 

The dominant land cover in the UYRW is forest land, which accounts for about 57 percent of the 

total land area (fig. 2) (LaMotte, 2008). Other prominent land covers are shrub/scrub land (about 26 

percent) and grassland/pasture (about 13 percent). Barren land, developed land and open space, 

cultivated crops, water, and wetlands are about 4 percent of the land cover. Approximately 49 percent of 

the land in Routt County is publically owned (Montgomery Watson Harza, 2002). This includes three 

national forests (Arapaho, Routt, and White River), Bureau of Land Management lands, and lands held 

by agencies of the State of Colorado (State Land Board, Division of Wildlife, and State Parks). 
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Vegetation is diverse throughout the watershed. The higher alpine elevations are predominately 

evergreen and aspen forest while areas around Steamboat Springs are subalpine and generally have 

Douglas fir, ponderosa pine, aspen, and juniper oak. Areas south from Steamboat Springs, around the 

Town of Yampa, in the lower Elk River valley, and the lower Yampa River valley are semiarid with 

shrubs, grassland, and rangeland and are grazed. 

Figure 2. Land cover in the Upper Yampa River watershed, Colorado, 2001. 

Variation of temperature and precipitation in the UYRW is typical of that found in mountainous 

and semi-arid regions of Colorado. Annual temperatures in the towns of Steamboat Springs and Hayden 

range from average minimum temperature of  0.9 and 4.7° Fahrenheit (F), respectively, during January 

to an average maximum temperature of  82.6 and 85.6°F, respectively, during July (High Plains 

Regional Climate Center, 2010). Almost 24 inches per year (in/yr) of precipitation fall on average in 

Steamboat Springs and 17 in/yr fall in Hayden. Much of the precipitation falls as snow throughout the 

winter months and melts during spring. Snowfall averages 166 in/yr in Steamboat Springs and 107 in/yr 

in Hayden. Steamboat Springs has an average growing season of 59 days; the growing season at Hayden 

is approximately 84 days (http://yampavalley.info.com, accessed October 2010). 

Hydrology and Water Resources 

The Yampa River originates in the Flat Top Mountains as the Bear River and flows northward 

through the Town of Yampa and becomes the Yampa River northeast of the town when Chimney Creek 

converges with the Bear River (fig. 1). Major tributaries to the Yampa River include Oak Creek, 

flowing from the southwest upstream from Steamboat Springs, the Elk River, flowing from the north 

downstream from Steamboat Springs, and Elkhead Creek, flowing from the north downstream from 

Hayden. Minor tributaries include Fish Creek east of Steamboat Springs, Fish Creek southwest of 
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Steamboat Springs, Trout Creek, Foidel Creek, and Sage Creek. Streams in the Mount Zirkel, Flat Tops, 

and Sarvis Creek Wilderness Areas have been classified as outstanding waters by the CDPHE (Colorado 

Department of Public Health and Environment, 2009aa, 2010c). 

The USGS and the Colorado Division of Water Resources operate 13 active (water year 2010) 

streamflow-gaging stations in the UYRW (fig. 3, table 1). Streamflow measurements began on October 

1, 1904, at two sites; measurements have been collected during different periods of record at the 13 sites 

since 1904. Real-time streamflow data for the USGS stations are available at 

http://co.water.usgs.gov/infodata/surfacewater.html. Real-time data for the Colorado Division of Water 

Resources stations are available at http://www.dwr.state.co.us/SurfaceWater/data/division.aspx?div=6. 

Historically, the USGS collected streamflow measurements at 36 additional stations for various periods 

of record between 1913 and 2008. Streamflow in the UYRW is dominated by snowmelt, with increasing 

flows in April, highest flows in May and June, and decreasing flows in July. Low streamflow at other 

times of the year is dominated by base flow from groundwater discharge. Mean monthly streamflow for 

2005–2008 for two sites on the Yampa River and one site on Elk Creek shows this seasonal pattern to 

streamflow in the watershed (fig. 4). Mean monthly streamflow was lowest for Yampa River at 

Steamboat Springs (site 153) and highest at Yampa River above Elkhead Creek (site 145). Low 

streamflow during August at Yampa River at Steamboat Springs (site 153) can be of concern because of 

the possible effects of low streamflow on fish (higher water temperature and lower dissolved oxygen 

and on river rafting.   

Figure 3. Location of selected stream sites and active (water year 2010) streamflow-gaging stations, Upper 

Yampa River watershed, Colorado 

http://co.water.usgs.gov/infodata/surfacewater.html�
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Figure 4. Mean monthly discharge for 2005-08 for selected streamflow-gaging stations, Upper Yampa River 

watershed, Colorado 

Table 1.  Active streamflow-gaging stations in the Upper Yampa River watershed, Colorado, water year 2010 

Development of water resources in the UYRB has focused on irrigation, municipal and industrial 

diversions, and State-sponsored reservoir development (Colorado Water Conservation Board, 2009).  

Irrigation has changed little since the late 1800s. There only have been small increases in the amount of 

acreage irrigated with the construction of new ditches and storage systems. The first significant 

municipal water system in the UYRW was developed during the 1950s at Steamboat Springs. The City 

of Steamboat Springs and the Mt. Werner Water and Sanitation District divert the majority of their 

municipal water supplies directly from Fish Creek east of Steamboat Springs, generally through July, 

and supplement this flow after July with water released from Fish Creek Reservoir (Colorado Water 

Conservation Board, 2009). The two entities can also withdraw water from alluvial wells adjacent to the 

Yampa River. The wells, however, are not a preferred source of municipal water because of the lesser 

quality of the water compared to the surface water supplies. The primary water source for the Towns of 

Hayden and Oak Creek is surface water. Groundwater is the primary water source for the Towns of 

Phippsburg and Yampa and part of the water supply for Hayden (Topper and others, 2003; U.S. 

Environmental Protection Agency, 2010b).  

Six surface-water diversions in the UYPW are used for transbasin and local movement of water 

for irrigation and industrial purposes. Two small ditches (maximum water right of 43 cubic feet per 

second, ft3/s) divert water across the UYRW boundary into the Colorado River basin or the Muddy 

Creek basin (Colorado Water Conservation Board, 2009). One of these ditches and three other ditches 

are used to divert water locally in the UYRW from one drainage basin to another for irrigation. A 

diversion ditch for the Hayden Station power generation facility transports water from the Yampa River 
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to the facility for industrial purposes; the diversion typically ranges from 6 to 10 ft3/s (Colorado Water 

Conservation Board, 2009). The Steamboat Springs Ski Area diverts water from an alluvial well near 

the Yampa River just upstream from Steamboat Springs for making artificial snow (Colorado Water 

Conservation Board, 2009). During the primary snowmaking diversion months of October through 

January, the diversions represent 100 percent depletion to the Yampa River streamflows. A portion of 

the artificial snowpack is consumptively used during the winter and spring months; the remaining 

portion returns to the stream during spring snowmelt. Concerns about the water supply in the watershed 

are growing with the possibility of future large-scale diversions and increased water demands. 

Eight reservoir and storage facilities in the UYRW can each store 4,000 acre-feet of water or 

more (table 2). The water is used for irrigation, recreation, and municipal and industrial purposes. The 

largest reservoirs are Stagecoach Reservoir, Steamboat Lake, and Elkhead Creek Reservoir. Because 

reservoirs in the watershed are small compared to other reservoirs in the Upper Colorado River basin 

and primarily located in the headwaters of the Yampa River, streamflow in the Yampa River is largely 

free-flowing with a natural hydrograph.  

Table 2.  Reservoir and water-storage facilities in the Upper Yampa River watershed, Colorado, with active 

storage capacity of 4,000 acre-feet or more 

Geology 

The UYRW is underlain by rocks of Precambrian age to unconsolidated Quaternary alluvium 

(fig. 5). The oldest rocks are in the eastern one-third (western side of Gore and Parks Ranges) of the 

watershed. These mountainous areas are underlain by igneous (granite and gabbro, mafic diorite, and 

monzonite) and metamorphic (gneiss, schist, and migmatite) rocks. Permian- and Triassic-age 

sedimentary (sandstone, shale, siltstone) occupy a small portion of the area north from Steamboat 
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Springs. The western two-thirds of the watershed are underlain by sedimentary rocks of Cretaceous age 

and sedimentary and igneous rocks of Tertiary age. Dominant rock types of Cretaceous-age include 

sandstones and shale, and major coals beds comprising the Yampa coal field (fig. 1). Tertiary-age rocks 

include sandstones and shales. Broad valleys and small rounded hills form in areas with less resistant 

shales and landscapes of ridges and mesas form in areas with more resistant sandstones. The Tertiary-

age basalts and intrusive and volcanic rocks form the Flat Top Mountains in the southern portion of the 

watershed and the area north from Steamboat Lake. The youngest formations include the unconsolidated 

surficial deposits and rocks of Quaternary age, including landslide deposits, glacial drift, gravels, and 

alluvium. Landslide deposits are most common in the Flat Tops Mountains. Glacial drift, primarily from 

Pinedale and Bull Lake Glaciations, occurs on the western side of the Gore and Park Ranges. The 

youngest gravels and alluvium primarily are located along the Yampa and Elk River drainages.  

Figure 5. Geology of the Upper Yampa River watershed, Colorado 

Sedimentary rocks of Cretaceous and Tertiary age are highly soluble and the resulting weathered 

material contains a large amount of soluble minerals (dissolved solids) and trace elements including 

arsenic, beryllium, boron, cobalt, manganese, nickel, and selenium (Affolter, 2000). Formations that are 

seleniferous include the Laramie Formation, Lewis Shale, Williams Fork Formation, Iles Formation, 

and Mancos Shale (Butler and others, 1996; Colorado Water Quality Control Commission, 2010; 

Stephens and Waddell, 1998). Major coal deposits in the Yampa coal field occur in the Upper 

Cretaceous-age Iles and Williams Fork Formations of the Mesaverde Group. (Johnson and others, 

2000). In the eastern part of the coal field, the principal coal beds in the middle coal group of the 

Williams Fork Formation are, in ascending order, the Wolf Creek , Wadge, and Lennox (Bass and 

others, 1955). The coal deposits were formed in alternating mixed marine and nonmarine environments 
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at the western edge of the Late Cretaceous Western Interior Seaway. Most sulfur in the deposits is in the 

form of organic sulfur rather than pyritic sulfur and sulfate sulfur (Affolter, 2000). High contents of 

strontium, barium, and phosphorus are found in the Iles Formation compared to other Cretaceous-age 

coals in the Colorado Plateau (Arizona, Colorado, New Mexico, and Utah) (Affolter, 2000). Similarly, 

high contents of arsenic and manganese are found in the Lennox and Wolf Creek coal beds of the 

Williams Fork Formation.  Currently (2010), three underground coal mines are operational in the 

Yampa coal field south from the Yampa River (fig. 1). 

More than 150 hot springs are located in the Steamboat Springs area (Frazier, 2000). Thermal 

waters for the springs probably are meteoric water that has been heated at depths of 12,000 to 15,000 ft 

(Lund, 2006). Heated water most likely rises to the surface from a network of faults and fractures that 

cross the region. Chemical constituents in the springs include sodium, chlorides, sulfates, bicarbonate, 

and lithium.  

Methods of Data Review and Analysis 

Methods of data review and analysis of water-quality data for the UYRW included retrieving all 

water-quality data from the electronic UYRW water-quality database, subsetting the data, performing 

quality assurance checks, summarizing the data statistically in tables and spatially in figures, analyzing 

and interpreting analytical data to determine water-quality conditions and characteristics, conducting 

temporal trend analysis, and comparing data to State of Colorado and Federal water-quality standards 

and recommendations. The following discussion describes methods used to process, evaluate, and 

interpret water-quality data for the UYRW. 
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Data Sources 

The dataset used in this study consists of data for the UYRW collected and reported by the U.S. 

Environmental Protection Agency (USEPA); U.S. Forest Service, USGS, Colorado Department of 

Agriculture (CDOA), Colorado Department of Public Health and Environment (CDPHE), Colorado 

Division of Wildlife Riverwatch Program, and the City of Steamboat Springs (data collected by GEI 

Consultants, Inc.). Data were obtained in an electronic format from the USGS National Water 

Information System, USEPA STOrage and RETrieval (STORET) Data Warehouse, and GEI 

Consultants, Inc., and were merged to form the UYRW water-quality database. The database contains 

water-quality properties and constituents for surface-water (streams, canals, diversions, and lakes and 

reservoirs), groundwater (wells, springs, and seeps), mining (tunnel, shaft, or mine), and wastewater 

treatment plants, including effluent, for samples collected for various periods of time for 1901 and 1944 

through 2009. Stream data includes population/community data for macroinvertebrates. The data 

analysis presented in this report is focused on selected physical properties and chemical constituents for 

stream, lake and reservoir, and groundwater sampling sites for data collected from 1975 through 2009 

(table 3). The availability and characteristics of macroinvertebrate data for the watershed are discussed. 

Instantaneous discharge, daily mean discharge, and stream stage data were compiled for several USGS 

water-quality stations.  

Table 3.  Number of sites, period of water-quality record, and number of samples collected at selected site types in the 

Upper Yampa River watershed, Colorado, for various sources of water-quality data, 1975 through 2009. 

Data Quality Assurance 

A number of quality-assurance procedures were applied to the water-quality data prior to 

analysis. The USEPA has established low and high values for 190 common water-quality parameters 
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and properties as an edit-checking procedure for data entered into STORET since November 1993 

(National Park Service, 2001). Low and high values for 63 parameters were used for edit-checking of 

water-quality data for the UYRW (Appendix 1). Using the edit-checking procedures, only a temperature 

value of –17.8 degrees Celsius (°C) and a dissolved-oxygen concentration of 779 milligrams per liter 

(mg/L) were deleted. Trace-element data greater than the high values were not deleted. Trace-element 

data can occur in very high concentrations in areas with historical mining activities or in areas with 

naturally high mineralization because of geology. For a given sample with filtered- and unfiltered-

concentration data for an individual sample, the filtered concentration was checked against the 

unfiltered concentration. If the filtered concentration was greater than the unfiltered concentration by 

more than 10 percent, both data values would be deleted. All dissolved and unfiltered data for the 

UYRW met this edit-check procedure. An ion charge balance was calculated for individual samples 

with sufficient data (hydrogen ion, calcium, magnesium, sodium, potassium, alkalinity, chloride, and 

sulfate concentrations) to calculate the balance. All charge balances were within 10 percent, and no data 

were deleted. Twelve measurements of instantaneous discharge with a value of 0 were deleted. For 

stream samples, concentration data for 511 individual analyses with a value of 0 were converted to the 

lowest censored value for the particular constituent of interest. These primarily were for trace elements 

(491 of 511 analyses) but also included dissolved chloride, fluoride, nitrite and nitrate, total ammonia, 

and dissolved uranium. The total count for this type of conversion for groundwater samples was 436 

individual analyses, primarily for dissolved selenium and orthophosphate and trace elements (422 of 

436 analyses) but also for dissolved magnesium, nitrate plus nitrite, and total phosphorus. A total of 801 

analyzes for stream-water samples and 620 analyzes for groundwater samples with a data remark code 

of M (presence of constituent verified but not quantified) were excluded from analysis of data for this 

report.   
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For a large portion of the data, limited metadata and(or) quality-assurance data were available. 

Therefore, it is possible that some data may contain errors that were not detected during the quality-

assurance review. Assumptions regarding water-quality collection methods and laboratory-analytical 

techniques used on data from different data sources were made based on available information. No 

distinctions between water-quality data collection methods and laboratory analytical techniques were 

made when metadata were unavailable to support these distinctions. Disparities between data from 

different sources resulting from differences in water-quality collection methods and laboratory-

analytical techniques may affect the precision and accuracy of the statistical results. Although the effect 

of methodological differences could not be quantified in this analysis, robust statistical methods were 

used to limit the influence of outliers on statistical results of the analysis. It has been documented for 

USGS trace-element data that dissolved concentrations of arsenic, boron, beryllium, cadmium, 

chromium, copper, lead, mercury, and zinc collected before 1992 may have been contaminated during 

sample collection and field processing ((USGS Office of Water Quality Technical Memorandum 91.10, 

available at http://water.usgs.gov/admin/memo/QW/index.html, accessed September 2010). An in-depth 

review of these data could not be conducted because field quality-assurance data was not available for 

analysis.  

Data Compilation and Comparison 

Data for physical properties and chemical constituents were compiled from the various sources, 

each  with differing laboratory methods and sampling and reporting conventions. For many physical 

properties and chemical constituents, data were available for one or more parameter codes for the same 

property or constituent. Equivalent parameter codes for different physical properties and chemical 

constituent groups were combined for data analysis using the data aggregation methods summarized in 

table 4. Measurement or concentration data for the first parameter code listed in the table for each 
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constituent were preferred for analysis. If these data were not available, data for the second parameter 

code listed were used. This aggregation continued for each parameter code in a constituent’s group, 

resulting in a single constituent name with one reporting convention. All of the aggregated nitrate data, 

for example, is in the form of nitrate as nitrogen instead of nitrate as nitrogen and nitrate as nitrate. 

Procedures used to aggregate nutrient data follow those used by Mueller and others (1995).  

Table 4.  Summary of procedures used to aggregate data for select physical properties, discharge, total dissolved 

solids, major ions, nutrients, trace elements, and coliform bacteria, Upper Yampa River watershed, 

Colorado. 

In natural waters, nitrogen as ammonia can be in the form of aqueous ammonia (un-ionized 

ammonia, NH3) or ammonium (NH4
+). At pH 9.24, the transformation of un-ionized ammonia to 

ammonium ions is half complete. In most natural waters (pH less than 9.24), nitrogen as ammonia 

would be in the ammonium form (Hem, 1992). For the USGS and other Federal and State agencies, the 

sum of un-ionized ammonia concentrations and ammonium ions is reported as “ammonia” or “total 

ammonia.” In this report, the sum is reported as “total ammonia.”  

Censored Values 

Computing summary statistics for the water-quality data presented in this report was 

complicated by the presence of multiple detection or reporting levels for censored data for many 

chemical constituents. Censored data are data reported as “less-than” a particular laboratory detection 

level or reporting level. When water-quality results were reported with censored (below laboratory 

detection or reporting level) values, estimates of percentile values, including the 50th percentile or 

median, were calculated using the Kaplan-Meier, adjusted maximum likelihood estimation (AMLE), or 

regression of ordered statistics (ROS) methods following the recommendations of Helsel (2005). The 
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Kaplan-Meier method was used when less than 50 percent of the data were censored values. When 

censoring percentages were 50 to 80 percent, the ROS method was used when there were fewer than 50 

samples and 50 or more samples when the distribution of data was not normal. For data with 50 or more 

samples and a normal distribution, the AMLE method was used. When 80 percent or more of the data 

were censored values, the median value was not computed and only the minimum and maximum values 

are reported in summary tables.  

Water-Quality Standards 

In-stream water-quality standards for surface water in the State of Colorado have been 

established by the CDPHE to protect the beneficial uses of surface water (Colorado Department of 

Public Health and Environment, 2009a, 2010c). Standards discussed in this report are for protection of 

cold- and warm-water aquatic life, domestic water supply, and recreational uses. The CDPHE standards 

are applied on a statewide basis to stream segments and water bodies based on water-use classification 

(Appendix 2) (Colorado Department of Public Health and Environment, 2009a, 2010c). Stream 

segments are generally delineated at points of the stream that separate reaches with significant 

differences in use classification or changes in water quality. Because of this, water-quality standards can 

vary between stream segments for different streams and can vary for different segments on the same 

stream. Standards for some segments are not as restrictive as those for other segment because the 

standard for the current classification is not being attained due to factors such as natural or human-

caused conditions, streamflow conditions, and hydrologic modifications (Colorado Department of 

Public Health and Environment, 2009a). Determination of exceedance of a standard for a site is based 

on the 15th and 85th percentile of the data for pH, the 15th percentile of the data for dissolved oxygen, 

the 85th percentile of data for dissolved constituents, and the 50th percentile of the data for total 

recoverable constituent (Water Quality Control Division, 2004) for samples with more than two data 



DRAFT – DO NOT CIRCULATE. SUBJECT TO REVISION 
 

 21 

points. Determination of attainment of the water temperature standard is based average and maximum 

concentrations for sites with continuous (15-minute interval) measurements As required under Section 

303(d) of the federal Clean Water Act, the CDPHE has established the 303(d) list of impaired waters 

(“Water-Quality-Limited Segments Requiring Total Maximum Daily Loads” ) and the Colorado 

Monitoring and Evaluation List (table 5) (Colorado Department of Public Health and Environment, 

2010b). For this report, the authors assigned a stream segment to each stream site based on the segment 

descriptions in the water-quality standards table for the Upper Colorado River basin (Colorado 

Department of Public Health and Environment, 2010c). 

Table 5.  Colorado Department of Public Health and Environment section 303(d) list of impaired waters and monitoring 

and evaluation list for the Upper Yampa River watershed, 2010. 

Two types of numeric water-quality standards, fixed values, and table values standards (TVS), 

have been established by the CDPHE. Fixed value standards have been established for pH, dissolved 

oxygen, water temperature, un-ionized ammonia, chloride, sulfate, nitrite, nitrate, dissolved and total 

recoverable arsenic, total recoverable iron, total mercury, and Escherichia coli (E. coli) and are based on 

30-day average values or concentrations. Table value standards are calculated values based on published 

formulas; this type of standard has been established for water temperature and selected metals 

(described in this report as trace elements). There are two classifications of TVS—acute and chronic. 

An acute standard is a value that is not to be exceeded by a concentration for either a single sample or is 

calculated as an average of all samples collected during a one-day period. A chronic standard is a value 

not to be exceeded by a concentration for either a single representative sample or calculated as an 

average of all samples collected during a 30-day period. Water-quality standards have not been 

established for all physical properties and chemical constituents.  
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The water-quality standard for pH is an instantaneous minimum (6.5) and maximum (9.0) for all 

stream segments. The dissolved-oxygen standards for the UYRW are segment specific and are derived 

as one-day minima. For most stream segments, two dissolved oxygen standards have been established. 

The less-restrictive standard of 7.0 mg/L is for fish during their spawning season to ensure that the 

thermal and oxygen requirements for successful migration, spawning, egg incubation, fry rearing, and 

other reproductive functions are met. The more-restrictive standard of 6.0 mg/L applies to months not 

related to spawning.  

Water temperature standards for the UYRW are based on segment-specific cold- or warm-water 

aquatic life classifications for biota (“cold stream temperature tier one“ (“CS-I”), “cold stream 

temperature tier two” (“CS-II”), “warm stream temperature tier one “ (“WS-I”), and “warm stream 

temperature tier two” (“WS-II”)). Standard are similar for each tier of the cold- or warm-water 

classification. Water temperature standards are applied to individual segments based on temperature 

data, fish species, and other available evidence (Colorado Department of Public Health and 

Environment, 2009a); standards are different depending on seasonal designations as determined by 

monthly time periods. Two types of temperature criteria were established: the Daily Maximum (DM) 

and the Maximum Weekly Average Temperature (MWAT). The DM is the highest two-hour average 

water temperature recorded during a given 24-hour period and is applied as the acute standard. The 

MWAT is the maximum average of multiple, equally space, daily temperatures over seven consecutive 

days with a minimum of three data points spaced equally through the day, and is calculated from the 

optimum and upper temperatures tolerated by a species (Colorado Department of Public Health and 

Environment, 2009a). For cold-water streams in the UYRW, the temperature standards that are applied 

will be those for sensitive species (cutthroat trout, brook trout). 
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The CDPHE water-quality standard for total dissolved solids is a secondary standard (Secondary 

Maximum Contaminant Level, SMCL) for drinking water of 500 mg/L (Colorado Department of Public 

Health and Environment, 2010a). A secondary standard is a nonenforceable guideline for contaminants 

that may have cosmetic (skin or tooth discoloration), esthetic (such as taste, odor, and color), or 

technical (corrosion and staining) effects. The secondary standard for total dissolved solids will be 

applied to stream segments that have a standard for chloride and sulfate. The chloride standard has been 

adopted for most stream segments. The domestic water-supply standard of 250 mg/L for sulfate will be 

applied to all stream segments that have a water-supply classification. For most stream segments, the 

aquatic-life standard for selenium applies to dissolved selenium. For three segments, the standard is for 

total recoverable selenium.  

Acute and chronic aquatic-life water-quality standards for total ammonia vary depending on fish 

species, pH, and water temperature. The aquatic-life standard for nitrite applies to all stream segments. 

The water-quality standard for nitrate is a Maximum Contaminant Level (MCL) that varies in the 

UYRW depending on stream segment. The MCL is a legally enforceable standard that applies to 

drinking water from public water systems. For stream and lakes or reservoirs in the UYRW that are not 

drinking-water supplies, the MCL is used as a guideline for interpreting water quality. The CDPHE has 

not established a water-quality standard for total phosphorous. However, the USEPA has recommended 

that total phosphorous concentrations be less than 0.1 mg/L for streams that do not flow directly into 

lakes and reservoirs and less than 0.05 mg/L for streams that do flow directly into lakes and reservoirs 

to control eutrophication of the water bodies (U.S. Environmental Protection Agency, 2000). Total 

phosphorus data for the UYRW are compared to the USEPA recommended concentrations to provide an 

environmentally relevant context to concentrations of total phosphorus in steams. Streams used in the 

comparison are those with standards for other nutrients. 
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Water-quality standards for trace elements have been established for the protection of aquatic 

life; standards for many trace elements vary depending on hardness. Hardness-dependent TVS were 

developed throughout a majority of the watershed for dissolved cadmium, chromium, copper, lead, 

manganese, nickel, selenium, silver, and zinc. These TVSs were calculated using the mean of available 

hardness data. If these hardness data were not available, the median hardness value for the site, other 

sites on the same stream, or nearby streams was used. A majority of the stream segments have fixed 

numeric standards for dissolved and total recoverable arsenic and iron and total mercury. Most 

standards for stream segments 4, 11, and 12 are based on total recoverable concentrations rather than 

dissolved concentrations. For some trace-element data, concentrations were censored at a level greater 

than the TVS or numeric standard. For these data, it is not possible to determine if a concentration is 

less than or greater than the standard. These data have been excluded from discuss of exceedences of 

trace-element standards.  

Water-quality standards for E. coli are based on recreational use of a stream segment and vary 

depending on contact use. Standards for E. coli are established as indicators of the potential presence of 

pathogenic organisms. Attainment of the E. coli standards are based on the geometric mean of 

representative stream samples. For this report, an insufficient number of E. coli samples was collected to 

calculate geometric means for comparison to the standards for regulatory purposes. Comparison of E. 

coli data to the standards is a general indication of water quality in streams where the bacteria are 

present. 

Water-quality standards for groundwater in the State of Colorado have been established by the 

CDPHE to protect the beneficial uses of groundwater (Colorado Department of Public Health and 

Environment, 2009b), including domestic and agricultural use, surface water-quality protection, and 

potentially usable and limited use. Water quality data for groundwater in the UYRW will be compared 
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to standards for domestic use and agricultural use for livestock watering. Domestic-use standards 

include MCLs, SMCLs, and human-health (HH) standards. HH standards have been established to 

protect the public from acute and long-term chronic effects (Colorado Department of Public Health and 

Environment, 2009b). Comparison of water-quality data to standards is used as a guideline for 

interpreting water quality and not for legally0enforceable purposes.  

Temporal Trend Analysis 

Trend analyses were performed in the TIBCO Spotfire S+® program using the USGS library 

package ESTREND (Schertz and others, 1991). Analyses were conducted on selected physical 

properties and constituents for stream sites having at least 10 years of quarterly data with a period of 

record ending after 2000 and having less than 10 percent censored data. Selected physical properties and 

constituents were analyzed using the seasonal Kendall test (Hirsch and others, 1982; Helsel and Hirsch, 

2002). The seasonal Kendall test, a nonparametric rank-based procedure, was used to analyze water-

quality data for monotonic changes in concentrations with time. Seasonality in water-quality data are 

accounted for by comparing data for different seasons, for example, January–March data are compared 

only with January–March, April–June with April–June, and so forth. Because of the strong correlation 

that exists between many water-quality parameters and streamflow, most water-quality data were flow-

adjusted  prior to testing for trends using streamflow measured at the time of sample collection. Flow 

adjustment removes that variability in concentration that is related to natural changes in streamflow, 

allowing for trends caused by others means such as anthropogenic-influenced effects to be more readily 

identified. When flow-adjustment was applied to the data, the data were regressed against streamflow, 

and the residuals of the resulting equation were used in the seasonal Kendall test. For water-quality data 

except pH, the best flow-adjustment most often is to regress the log-transformed constituent data against 

log-transformed streamflow (D. Mueller, oral comm., 2010). A trend was determined to be present 
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when the p-value of the statistical test was less than 0.05. The smaller the p-value, the stronger the 

evidence is to reject the null hypothesis that there is no relation between concentration and time, that no 

trend exists (Helsel and Hirsch, 2002). A trend in an upward direction was identified when a constituent 

concentration increased more often over time than it decreased. The estimated trend in percent per year 

is reported from the model calculations. The trend slope is an estimate of the yearly change in value or 

concentration for the tested time period and is presented as in percentage of median value or 

concentration per year. Trend results differ depending on the time period used in the trend analysis. 

Trends that are identified for a particular constituent at a site for one time period may not be identified 

when another time period is used. A trend also may be statistically significant but not environmentally 

significant. For example, a statistically significant upward trend with a rate of change of 0.5 mg/L for a 

constituent may have little environmental relevance if the average concentration is 100 mg/L. 

Surface-Water Quality 

This section summarizes water-quality data for physical properties and chemical constituents for 

selected streams in the UYRW. General information on physical properties and chemical constituents 

are presented first, followed by detailed analyses of data for physical properties, major ions, nutrients, 

trace elements and uranium, coliform bacteria, and suspended sediment. 

Streams 

For this report, water-quality data from the UYRW database were compiled for 211 stream sites  

for January 1975 through September 2009 (fig. 3, Appendix 3). The year 1975 was chosen as the 

starting year for data analysis because major development of coal resources began in the watershed that 

year. Site names in Appendix 3 are from the UYRW water-quality database; site names used in the 

report are nonabbreviated versions of those in Appendix 3. The UYRW has been divided into six 
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subbasins for data analysis: Yampa River upstream from Chuck Lewis State Wildlife Area (henceforth 

Upstream Lewis SWA), Yampa River downstream from Chuck Lewis State Wildlife Area to Elk River 

confluence (henceforth, Lewis SWA to Elk River), Elk River, Yampa River downstream from Elk River 

to Hayden (henceforth, Elk River to Hayden), Yampa River downstream from Hayden to Elkhead Creek 

confluence (henceforth, Downstream Hayden), and Elkhead Creek (fig. 1). The Elk River, Elk River to 

Hayden, and Downstream Hayden subbasins include the eastern part of the Yampa coal field 

For the UYRW and each subbasin, the number of sites and samples with stream-water quality 

data for 1975 through 2009 are summarized in table 6. Counts include physical properties and 

constituents that are discussed in this report. The most sites sampled were in the Upstream Lewis SWA 

subbasin and the fewest were in the Elkhead Creek subbasin. About 23 percent (49 of 211) sites were 

mainstem Yampa River sites. Sites were absent from a large area in the northern one-third of the 

watershed and some areas in the southern part of the watershed (fig. 3). A total of 5,862 samples were 

collected (table 3). The majority had data for physical properties (97 percent) and discharge (63 

percent). Other samples percentages for analyses were total dissolved solids (30 percent), major ions 

and selenium (36 percent), nutrients (37 percent), and trace elements and uranium (41 percent). The 

greatest number of samples was collected in the Upstream Lewis SWA subbasin and the fewest in the 

Downstream Hayden subbasin. Only in the Lewis SWA to Elk River subbasin were samples collected 

every year (table 7); this occurred at Yampa River at Steamboat Springs (site 153). The largest yearly 

gaps in data collection occurred in the Downstream Hayden subbasin. For the UYRW and most 

subbasins, more samples were collected from May through July than other months of the year (table 8). 

The fewest samples were collected from November through January. About 13 percent (27 of 211) of 

the sites had data for more than 50 samples; almost one-half (96 of 211) had data for five or fewer 

samples. The CDPHE has an active sampling program (currently four sites in 2010) but the CDPHE 
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data in STORET, and in the UYRW water-quality database, only were available through 2007. The 

number of sites sampled by the CDPHE typically increases in the years prior to the triennial review of 

water-quality standards. 

Table 6.  Number of stream sites and samples with water-quality data in the Upper Yampa River watershed and 

subbasins by constituent group, 1975 through 2009. 

Table 7.  Period of record and number of stream-water samples collected per year by constituent group, Upper Yampa 

River watershed and subbasins, Colorado, 1975 through 2009. 

Table 8.  Number of stream-water samples collected per season, Upper Yampa River watershed and subbasins, 

Colorado, 1975 through 2009. 

Physical Properties 

Physical properties analyzed for this report included specific conductance, pH, water 

temperature, dissolved oxygen, hardness, and acid neutralizing capacity (ANC). These data are 

summarized in table 9. A total of 5,660 samples from 208 sites have data for physical properties for 

1975 through 2009 (table 6). The greatest number of physical property samples was collected during the 

1990s with a steady decline in sample collection throughout the last decade with an exception during 

2001. The Lewis SWA to Elk River subbasin had the greatest number of samples with data for physical 

properties; the Downstream Hayden subbasin the fewest.  

Table 9.  Summary statistics of the number of stream sites and samples, minimum, median, and maximum values, 

and Colorado Department of Public Health and Environment in-stream water-quality standards for physical 

properties in stream-water samples, Upper Yampa River watershed and subbasins, Colorado, 1975 through 2009. 
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Specific conductance is the ability of a substance to conduct an electric current. The presence of 

charged ionic species in a solution makes the solution conductive. Specific conductance is proportional 

to the concentration of major dissolved constituents (bicarbonate, calcium, chloride, fluoride, 

magnesium, potassium, silica, sodium, and sulfate). The weathering of minerals in soil and bedrock 

contribute as a primary source of major dissolved constituents. Atmospheric deposition can be a 

substantial source of dissolved chloride and sulfate particularly in areas with crystalline bedrock, which 

typically has low chlorine and sulfur content (Mast, 2007). Specific conductance in the UYRW was 

measured for 4,305 samples from 1975 through 2009 and ranged from 50 to 10,000 microsiemens per 

centimeter at 25° Celsius (µS/cm), with a median of 315 µS/cm (table 9). Low specific conductance 

values (less than 50 µS/cm) were most common in the headwater tributaries in the Lewis SWA to Elk 

River subbasin (49 percent of samples) and the Elk River subbasin (27 percent of samples) (fig. 6), 

including Fish Creek and Granite Creek upstream from Steamboat Springs, the Elk River near Clark, 

and other tributaries to the Elk River near Clark. Some of the most dilute concentrations were collected 

during snowmelt runoff (May–June); dilute waters due to snowmelt runoff are common in headwaters 

of Rocky Mountain watersheds (Mast, 2007). The underlying geology for the Lewis SWA to Elk River 

and Elk River subbasins mostly is comprised of igneous and metamorphic rocks that are resistant to 

weathering (fig. 5), which accounts for less major dissolved constituents and lower specific conductance 

in stream water. Specific conductance values greater than 1,000 µS/cm were most common in the Elk 

River to Hayden subbasin (62 percent of samples) and the Downstream Hayden subbasin (39 percent of 

samples) (fig. 6). These subbasins primarily have underlying lithology of Cretaceous-age sedimentary 

rocks (fig. 5). These rocks are more susceptive to weathering and result in an increase in dissolved 

constituents and specific conductance in stream water. Throughout the watershed, specific conductance 

typically was lowest during snowmelt runoff due to dilution and higher during most other times of the 
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year when water in streams primarily was baseflow from groundwater. This is illustrated by the monthly 

distribution of specific conductance values measured at Yampa River at Milner (site 151) (fig. 7). This 

pattern is present for many dissolved constituents in water. Specific conductance data for three sites met 

the statistical requirements for trends testing, as discussed in the “Temporal Trend Analysis” paragraph 

of the “Methods of Data Review and Analysis” section. A statistically significant (p-value 0.03) trend in 

a downward direction was identified for Yampa River at Steamboat Springs (site 153) for 1997–2008 

(table 10). The rate of change in specific conductance was small; the magnitude was about 6 uS/cm per 

year.  

Figure 6. Distibution of A) specific conductance, B), pH, C) acid neutralizing capacity, D) unfiltered sulfate, E0 

unfiltered total phosphorus, and F) dissolved manganese by subbasin for stream water, Upper Yampa River 

watershed, Colorado, 1975 through 2009.  

Figure 7. Distibution of A) specific conductance, B) unfiltered sulfate, C) unfiltered total phosphorus, and D) total 

recoverable iron at Yampa River at Milner (site 151), Upper Yampa River watershed, Colorado, 1975 through 

2007. 

Table 10.  Results of Seasonal Kendal trend analysis for select physical properties and water-quality constituents in the 

Upper Yampa River watershed, Colorado.  

The pH is the measure of how acidic or alkaline the water is. Pure water has a pH of 7; a value 

lower than 7 is considered acidic and a value higher than 7 is considered alkaline or basic. The solubility 

and biological availability of nutrients and trace elements and other chemical processes are pH 

dependent. A pH less than 4 and greater than 10 can  affect the survivability of aquatic organisms 

(http://extension.usu.edu/files/publications/publication/nr_wq_2005-19.pdf). Most streams across the 

Nation that are not influenced by human activities have pH that ranges from 6.5 to 8.5 (Hem, 1992). The 
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pH of a water quality sample can be affected by biological activity in a stream, geology, precipitation, 

and human activities. Diurnal fluctuations in pH (lowest in the morning, highest in the late afternoon) 

result when algae take up dissolved carbon dioxide through photosynthesis during the day, which 

decreases the concentration of carbonic acid dissolved in water (increasing pH), and release carbon 

dioxide through respiration at night (Hem, 1992). The pH decreases in the presence of sulfide-bearing 

minerals (including pyrite) in rocks and soils as water and oxygen react with sulfur to form sulfuric acid. 

This can occur naturally in areas with mineralized bedrock or in areas with hard-rock mining. Hard-rock 

and coal mining can result in acidic drainage to a stream.  

For the UYRW,  pH values were measured in 3,140 samples from 1975 through 2009 at 191 

sites. Values ranged from 2.1 to 9.8, and the median was 8.1 (table 9). Median pH was highest in the 

Upstream Lewis SWA and Elkhead Creek subbasins (8.3 and 8.2, respectively) and was lowest (7.6) in 

the Elk River subbasin (fig. 6). Most pH values (84 percent) were between 6.5 and 8.5. Individual 

values not meeting the CDPHE aquatic-life standard of 6.5–9.0 occurred in all subbasins except the 

Downstream Hayden subbasin (fig. 6). Values greater than the standard maxima of 9.0 were more 

common than values less than the standard minima of 6.5, primarily in the Lewis SWA to Elk River and 

Elk River to Hayden subbasins. Most values in the latter subbasin greater than 9.0 were measured 

during summer. Values less than 6.5 were most common (82 percent) in the Lewis SWA to Elk River 

and  Elk River subbasins. Low pH values in the headwaters of the Yampa River likely occur in waters 

with naturally-lower alkalinities. Over one-half of the low pH values in these two subbasin were 

measured during snowmelt in May and June. Measurements of pH indicated diurnal fluctuations. Values 

of pH at the Yampa River above Elk River (site 145), for example, were 9.07 during the afternoon of 

August 23, 1999 and 7.92 during the early morning of the next day (Chafin, 2002) because of higher 

photosynthetic activity during late afternoon. Portions of the Yampa River in and downstream from 
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Steamboat Springs have algae covering cobbles and rocks in the streambed during summer. Five sites, 

four in the Lewis SWA to Elk River subbasin and one in the Elk River subbasin, had pH values that 

were not in attainment of the CDPHE water-quality standard for pH (fig. 8, table 11). Nonattainment of 

the 6.5 standard should not be a current issue of concern because the samples for all sites with data not 

in attainment were collected before 1998. Nonattainment of the 9.0 standard for Yampa River above Elk 

River (site 145) only was based on data for three samples, all collected from 1999 through 2002. 

Figure 8. Exceedances of Colorado Department of Public Health and Environment in-stream water quality 

standards for physical properties and inorganic constituents and U.S. Environmental Protection Agency 

recommended concentrations for total phosphorus, Upper Yampa River watershed, Colorado, 1975 through 

2009. 

Table 11.  Stream water-quality sites with exceedances of Colorado Department of Public Health and Environment in-

stream water-quality standards for select physical properties and water-quality constituents and U.S. 

Environmental Protection Agency recommended concentrations for total phosphorus, Upper Yampa River 

watershed, Colorado, 1975 through 2009. 

There are fewer occurrences of low pH values in the UYRW in comparison to other mountain 

watersheds in Colorado where naturally low pH values and acidic drainage from hard-rock mining result 

from mineralized bedrock. Low pH values associated with coal mining are not an issue of concern in the 

UYRW compared to coal mining regions in Appalachia. Except for the one pH value of 2.1, streams 

draining coal-mining areas in the UYRW had pH values greater than 7.1. The absence of acidic coal-

mine drainage in Colorado likely is due to the low sulfur content of Colorado coal (Wentz, 1974). With 

a low amount of sulfur, sulfuric acid is unlikely to form in streams and reservoirs. Streams also have a 

higher capacity to buffer inputs of acid. 
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During 1999, the USGS conducted a study of pH tends in the Yampa River from the headwaters 

of the river to the mouth because of an apparent historical increase in pH at a site in the Yampa River 

downstream from the UYRW (Chafin, 2002). Conclusions from the pH study indicate that apparent 

“increasing trends” between 1950s and 1960s to 1980s and 1990s mostly was caused by changes in 

measurement procedure. Using more recent data, only pH data for the Yampa River at Steamboat 

Springs (site 153) met the statistical requirements for trends testing, as discussed in the “Temporal 

Trend Analysis” section. No trend in pH was identified for 1997 through 2008 (p-value 0.41) (table 10).  

Water temperature is an important property which controls biological and chemical reaction 

rates. Temperature often directly influences dissolved oxygen levels and life cycles of aquatic organisms 

and often reflects seasonality. Water temperature data in the UYRW database are instantaneous 

measurements made when a water-quality sample was collected. Water temperature was measured for 

5,188 samples from 1975 to 2009 and ranged from –3 to 30.4°C with a median of 7.5°C (table 9). Water 

temperature was lowest in the Elk River subbasin and greatest in the Downstream Hayden subbasin. 

Temperatures less than 0°C were most common (81 percent) from November through February. All 

values greater than 25°C were measured from May through July. Water temperatures increased in a 

downstream direction on the main stem of the Yampa River between Steamboat Springs and Hayden.  

Only one site, Yampa River at Steamboat Springs (site 153) had a continuous record of water 

temperature; measurements were made at 15-minute intervals for most days from July 26, 2002 through 

April 13, 2005 (http://waterdata.usgs.gov/co/nwis/nwisman/?site_no=09239500&agency_cd=USGS). 

Exceedances of the June–September acute DM and chronic MWAT cold-water standards at this site 

occurred most often from mid-July through August during 2002–2004; a few exceedences were during 

early September (fig. 9). The June–September chronic MWAT was exceeded on the most number of 

sample days (table 12). Because the 7-day average streamflow was much below normal for 2002, below 
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normal or low normal for 2003, and much below normal or below normal for 2004, determination of 

attainment or not attainment of the June–September standards would be based on the low-flow 

excursion (acute and chronic critical low flows) (Colorado Department of Public Health and 

Environment, 2009a). Water temperatures at Yampa River at Steamboat Springs (site 153) also did not 

meet the October–May acute DM and chronic MWAT cold-water standards, primarily during October 

fig. 9, table 12). In total, the DM and MWAT standards were exceeded on 16 and 26 percent of sample 

days, respectively, possibility due to upstream hydrologic modifications and changes in the river 

channel. Instantaneous water-temperature measurements can be used for a general evaluation of water 

temperature for sites throughout the watershed. The June–September chronic cold-water MWAT was 

exceeded in 318 individual measurements made at 20 sites and the October–May MWAT was exceeded 

in 285 individual measurements made at 19 sites. About 80 percent or more of the exceedences for each 

time period occurred at sites on the Elk River, Foidel and Middle Creeks, and Yampa River including 

and upstream from Steamboat Springs. Only one measurement for Elkhead Creek exceeded the March–

November chronic MWAT standard for a warm-water stream. The Yampa River from Oak Creek to 

Elkhead Creek has been included on the CDPHE 2010 Monitoring and Evaluation list for water 

temperature (Colorado Department of Public Health and Environment, 2010b) (table 5). This includes 

the Yampa River at Steamboat Springs (site 153). Increases in temperature on the main stem of the 

Yampa River during summer are of concern for fish in the river. Increases in temperature  in 

combination with low streamflow and low dissolved-oxygen concentration can result in reduced habitat 

availability for fish species less than optimal resource conditions. High water temperatures are a critical 

stressor for trout and whitefish. The Yampa River at Steamboat Springs (site 153) was the only site with 

sufficient water temperature data for temporal trend analysis; a trend was not identified for 1997–2008 

(table. 10).   
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Figure 9. Maximum 2-hour average water temperature (DM), maximum weekly average temperature (MWAT), 

and daily average discharge with exceedances of Colorado Department of Public Health and Environment 

(CDPHE) in-stream water-quality standards for water temperature for A) June-September DM, B) June-

September MWAT, C) October-May DM, and D) October-May MWAT for Yampa River at Steamboat Springs 

(site 153), Upper Yampa River watershed, Colorado 2002 though 2005. 

Table 12.  Number of sample days with water temperature not meeting Colorado Department of Public Health and 

Environment in-stream water-quality standards, Yampa River at Steamboat Springs, CO (site number 153), July 

26, 2002, through April 13, 2005. 

Dissolved oxygen is the measurement of the oxygen in water that is available to fish and aquatic 

life. It varies with temperature, elevation, and depth and is affected by many factors such as 

photosynthesis and respiration activity and inputs from point and nonpoint sources. Dissolved oxygen 

often reflects seasonal as well as diurnal variations. Concentrations typically are higher when water 

temperatures are colder. Dissolved oxygen was measured for 2,803 samples from 1975 to 2009 and 

ranged from 1.2 to 17.8 mg/L with a median of 9.8 mg/L (table 9). Median dissolved-oxygen 

concentrations were between 9.8 and 10.1 mg/L for each subbasin except the Downstream Hayden 

subbasin where the median dissolved oxygen was 9.2 mg/L and the median water temperature was the 

highest. The lowest dissolved-oxygen concentrations (less than 5.0 mg/L) in the watershed generally 

occurred during late June through August when streamflows were lower and water temperatures were 

higher than other times of the year. Diurnal changes in dissolved oxygen are illustrated with sample data 

for Yampa River above Elk  River (site 145) that was discussed for pH. At this site, the dissolved 

oxygen-concentration was at a maximum saturation of 178 percent of saturation during the afternoon of 

August 23, 1999 and at a minimum saturation of 66 percent during the early morning of the next day 

because of photosynthesis (Chafin, 2002). Dissolved oxygen data for two sites, Little White Snake 
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Creek and Martin Creek, were not in attainment of the CDPHE standard (table 11). Little White Snake 

Creek is on the CDPHE 2010 Monitoring and Evaluation list for dissolved oxygen (Colorado 

Department of Public Health and Environment, 2010b). Data for this site were available for 2001 

through 2007. Nonattainment of the standard for Martin Creek may not be a current issue of concern 

because all dissolved oxygen data were collected before 1989. 

Hardness generally is measured by the presence of the cations calcium and magnesium in water 

and is reported in terms of an equivalent concentration of calcium carbonate. Iron and manganese also 

can contribute to hardness but in small amounts. Hardness can affect the anthropogenic uses of water 

and the toxicity of metals to aquatic life. Metal toxicity can increase as hardness decreases (Santore and 

others, 2001). Calcium and magnesium impede the absorption of metals through the gills of fish. The 

lithology of rocks in the watershed can often affect hardness. Waters draining igneous rocks generally 

contain little hardness because of the absence of calcium and magnesium cations in the water. Waters 

draining sandstones and shales as well as other sedimentary formations that contain carbonate have 

higher hardness. Additionally, additives from municipal water treatment, agricultural fertilizers, and 

applications for winter road maintenance can all contribute to increased hardness. In the UYRW, 

hardness was measured for 2,434 samples from 1975 to 2009 and ranged from 10 to 4,000 mg/L with a 

median of 162 mg/L (table 9). Hardness was lowest in the Elk River and Lewis SWA to Elk River 

subbasins and highest in the Downstream Hayden and Elk River to Hayden subbasins. Many tributaries 

in the Elk River and Lewis SWA to Elk River subbasins flow from the mountains, areas that are 

underlain with igneous and metamorphic rocks. The lithology in Elk River to Hayden and Downstream 

Hayden subbasins is dominated by sedimentary rocks, including the Lewis and Mancos Shales and the 

Williams Fork Formation Hardness was lower during May and June in the Upstream Lewis SWA, 

Lewis SWA to Elk River, Elk River), and Elkhead Creek subbasins when snowmelt runoff occurred 
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than during October–April when streamflow primarily was baseflow from groundwater. In the Elk River 

to Hayden and Downstream Hayden subbasins, median hardness was slightly higher during October–

April than during May and June.  

Acid neutralizing capacity (ANC, determined on a whole-water sample) and alkalinity 

(determined on a filtered sample) measure the ability of a water sample to neutralize inputs of acid from 

precipitation, wastewater, or mine drainage (Rounds, 2006). Bicarbonate and carbonate are the main 

buffering materials. Water with low ANC is susceptible to pH change with the addition of acidic water; 

water with high ANC resists pH change. Waters with high alkalinity occur in areas with sedimentary 

rocks and carbonate-rich materials. In the UYRW, contaminants in precipitation, including sulfuric and 

nitric acids, pose a threat to alpine and subalpine ecosystems in the Rocky Mountains, such as Mount 

Zirkel and Flat Tops Wilderness areas in the UYRW, because the soil types and bedrock have little 

capacity to buffer acidic inputs (Turk and Spahr, 1991). As the accumulated snowpack melts, a pulse of 

strong acids can be released into the aquatic system (Campbell and Turk, 1989). 

ANC was measured for 2,244 samples collected at 134 sites in the UYRW; most commonly for 

the Upstream Lewis SWA and Elk River to Hayden subbasins. Values for ANC ranged from 2 to 660 

mg/L with a median of 162 mg/L (table 9). As with hardness, the Elk River and Lewis SWA to Elk 

River subbasins had the lowest ANC (fig. 6) and the Downstream Hayden and Elk River to Hayden 

subbasins the highest ANC due to underlying geology. Streams with an ANC of less than 10 that are 

least likely to resist inputs of acidic water drain mountainous areas in the north and northeast portions of 

the watershed, including the Mount Zirkel Wilderness, that are susceptible to acidic precipitation. ANC 

varies seasonally, with lower concentrations during snowmelt runoff and higher concentrations during 

other times of the year.  
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Total Dissolved Solids and Major Ions 

Total dissolved solids (TDS) in most natural waters are comprised of commonly occurring major 

ions such as calcium, magnesium, sodium, potassium, bicarbonate, carbonate, sulfate, chloride, fluoride, 

and silica. TDS are materials dissolved in water that pass through a filter (0.45 micron for this report). 

Most dissolved ions originate in mineral assemblages in rocks and soils near the land surface (Hem, 

1989). In thermal springs, the solute content commonly is higher than that of non-thermal water. The 

amount and composition of TDS can be used to identify changes in water chemistry at different times of 

the year. High concentrations of total dissolved solids can degrade the quality of water for municipal 

and agricultural uses. TDS were measured for 1,743 samples and ranged from 6.5 to 9,280 mg/L with a 

median of 216 mg/L (table 13). The highest TDS concentrations were in the Downstream Hayden 

subbasin. Most (77 percent) samples for this subbasin were collected before 1983; samples were not 

collected from 1983 through 1999. High TDS concentrations also occurred in the Elk River to Hayden 

subbasin; most (82 percent) samples were collected before 1995. Lowest TDS concentrations occurred 

in the Elk River and Lewis SWA to Elk River subbasins, areas that drain igneous and metamorphic 

rocks. This spatial pattern of dissolved solids concentrations is similar to that for specific conductance 

shown in figure 6. The high TDS concentrations in the Downstream Hayden and Elk River to Hayden 

subbasins could be attributed to the geology in the region and human influence. The underlying 

sandstone and shale lithologic units in addition to interaction with weathered rock associated with coal 

mining in the Elk River to Hayden and Downstream Hayden subbasins may contribute to the increase in 

TDS. The 85th percentile concentration of TDS data for one site, Trout Creek near mouth (site (115) in 

the Elk River to Hayden subbasin, was greater than non-enforceable SMCL of 500 mg/L. Comparison 

to the secondary standard was made for those segments that had standards for chloride and sulfate. For 

many stream segments in subbasin Elk River to Hayden and Downstream Hayden, TDS data were not 
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compared to the SMCL because chloride or sulfate standards have not been established by the CDPHE. 

TDS data for one site, Yampa River at Steamboat Springs (site 153) met the statistical requirements for 

trends testing, as discussed in the “Temporal Trend Analysis” section. A statistically significant (p-value 

0.03) trend in a downward direction was identified for 1997 through 2008 (table 10). This is similar to 

the downward trend identified for specific conductance. Many natural or human-influenced factors can 

cause changes in dissolved solids concentrations, thus causing changes in specific conductance. The rate 

of change in dissolved solids concentrations was small at 3.9 mg/L per year. 

Table 13.  Summary statistics of the number of steam sites and samples, minimum, median, and maximum values, and 

Colorado Department of Public Health and Environment in-stream water-quality standards for total dissolved solids 

and  major ions in stream-water samples, Upper Yampa River watershed and subbasins, Colorado, 1975 through 

2009. 

Major ions in water are a product of interaction with groundwater and aquifer materials, 

lithology, soils, and human activity. Major ions in this section refer to dissolved concentrations unless 

stated otherwise. Concentrations of major ions in the UYRW show an annual pattern related to 

snowmelt. With the onset of snowmelt during May and June and subsequent runoff, major ion 

concentrations in streams across the watershed typically are lower during runoff  than other times of the 

year because of the increased volume of streamflow Because of the strong influence of snowmelt on 

water quality, other natural and human factors that may affect major ion concentrations cannot be 

identified during snowmelt runoff. In general, major ion concentrations increase steadily through the 

summer and fall as streamflow decreases and the dilution affect from runoff is reduced. As with specific 

conductance and dissolved solids, major ion concentrations typically were highest in areas underlain by 

sedimentary rocks and lowest in areas that drain igneous and metamorphic rocks. 
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A total of 2,098 samples for major ions were collected from 1975 through 2009 at 146 stream 

sites (table 6). More than 100 samples per year were collected during 1976, 1980–81, 1997, and 2001; 

less than 20 samples per year were collected during 1993–94, 2005, and 2009 (table 7). The most sites 

sampled and the most samples collected were in the Upstream Lewis SWA and Elk River to Hayden 

subbasins; sampling occurred during most years from 1975 through 2009. The fewest sites and samples 

were recorded for the Elkhead Creek and Downstream Hayden subbasins, respectively. 

A total of 172 samples had sufficient data for calcium, magnesium, potassium, sodium, 

bicarbonate, chloride, and sulfate to determine water type. For all subbasins except the Downstream 

Hayden subbasin, the primary ions in solution in most or all streams throughout the year were the cation 

calcium and the anion bicarbonate. Streams in the Elk River to Hayden subbasin also had a mixture of 

anions (bicarbonate-sulfate, sulfate, and sulfate-bicarbonate) in 25 percent of the samples from July 

through April. A few samples in the Elk River to Hayden and Elkhead Creek subbasins had cation 

mixtures of calcium-magnesium, calcium-magnesium with sodium plus potassium, calcium with 

sodium plus potassium, and magnesium-calcium. Anion mixtures in a few samples in the Upstream 

Lewis SWA and Elkhead Creek subbasins included bicarbonate-sulfate, sulfate, and sulfate-bicarbonate. 

No one water type was dominant in the Downstream Hayden subbasin; water types include the cations 

calcium, calcium-magnesium, magnesium-calcium, and sodium plus potassium with magnesium and the 

anions bicarbonate, bicarbonate-sulfate, sulfate, sulfate-bicarbonate. The type of water represents the 

weathering of underlying lithology and soil materials. Piper diagrams for five streams in the UYRW 

were constructed to analyze the ionic composition of stream water and show similarities and differences 

in water types between sites in the Lewis SWA to Elk River, Elk River, and Downstream Hayden 

subbasins (fig. 10). The dominant  ions in the Yampa River at Steamboat Springs (site 153) were 

calcium and bicarbonate. These two ions also were dominant in Middle Creek but some samples showed 
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the influence of sulfate, most likely resulting from sedimentary rocks in the drainage area. The three 

streams the Downstream Hayden subbasin had the most diverse water types, especially the cations 

sodium plus potassium with magnesium and the anion sulfate for Stokes Gulch near Hayden (site 112) 

and sulfate for Hubberson Gulch near Hayden (site 61), streams that drain areas of Mancos Shale and 

the Williams Fork Formation. 

Figure 10. Cation and anion percentiles and water type for water-quality samples collected from selected stream 

sites in the Upper Yampa River watershed, Colorado, 1975 through 2009. 

Dissolved sulfate concentrations were highest in the Elk River to Hayden and Downstream 

Hayden subbasin (fig. 6) because of the prevalence of sedimentary rocks in the subbasins. A seasonal 

pattern to unfiltered sulfate concentrations was evident for unfiltered sulfate at Yampa River at Milner 

(fig. 7). Unfiltered sulfate data for one site on Little White Snake Creek and one site on Trout Creek 

were not in attainment of the water-supply standard of 250 mg/L (fig. 8, table 11). Sample collection at 

these sites began in 2001 and 1996, respectively. Both sites have drainage basins that are underlain by 

sedimentary rocks. The CDPHE has not established a sulfate standard for many stream segments in the 

Elk River to Hayden subbasin and a few segments in the Upstream Lewis SWA and Downstream 

Hayden subbasins because of naturally high concentrations of sulfate. All chloride concentrations in the 

UYRW were 76 mg/L or less, well below the CDPHE water-quality standard of 250 mg/L (table 13).  

Only one site, Yampa River at Steamboat Springs (site 153), had sufficient data for TDS and 

major ions for temporal trend analysis. A statistically significant (p-value 0.03) trend in a downward 

direction was identified for TDS for 1997 through 2008 (table 10). This is similar to the downward 

trend identified for specific conductance. Many natural or human-influenced factors can cause changes 

in dissolved solids concentrations, thus causing changes in specific conductance. The rate of change in 
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dissolved solids concentrations was small at 3.9 mg/L per year. No trends were identified for calcium, 

magnesium, sodium, potassium, sulfate, chloride, and silica.  

Nutrients 

Nutrients (nitrite, nitrate, ammonia, phosphorus, and orthophosphate) in stream water provide 

essential food for plants and animals; however, excessive concentrations can reduce water quality and 

have adverse effects on aquatic life and human health. Nutrients occur naturally in streams and from 

anthropogenic sources. In the UYRW, natural sources of nutrients include the weathering and erosion of 

phosphorus-bearing rocks and soils, breakdown of organic matter, and atmospheric deposition. Human 

activities include applications of fertilizers, runoff from urban areas, soil erosion, effluent from the 

wastewater treatment process, seepage from septic tanks, detergents, animal waste, and atmospheric 

deposition. Nitrogen is released to the atmosphere by fossil fuel combustion and agricultural activities 

(Mast, 2007). Nitrite typically is found in low concentrations in streams because it is unstable in aerated 

water;  high levels of nitrite generally indicate pollution through disposal of sewage or organic waste 

(Hem,1992). Nitrate is a more stable species of nitrogen over a range of conditions. Excessive 

concentrations of nitrate in drinking water may cause methemoglobinemia, commonly known as blue 

baby syndrome, in small children (Hem, 1992). The ammonium (NH4+) ion is the ammonia fraction that 

is the available nutrient; un-ionized ammonia (NH3) is the fraction that can be toxic to fish in excessive 

concentrations. Toxic levels are pH and temperature dependent (toxicity increases as temperature and 

especially pH increase) and vary depending on species. Phosphorous often adsorbs to the surface of 

sediment and organic particles and when found in waterways, can indicate that erosion and sediment 

transport is occurring (Mueller and others, 1995). Eutrophication is the process of excessive nutrient 

concentrations leading to increased algae growth and decomposition that eventually affect the 

availability of dissolved oxygen for aquatic life. Eutrophication can cause problems such as habitat loss, 
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toxic algal blooms, reduction in biodiversity, taste and odor issues, pH fluctuations, and clogged 

municipal water intake pipes. Nutrient species in this study include nitrite, nitrate, ammonia, and total 

phosphorous. 

Nutrient (nitrogen and phosphorus) were collected at 2,163 from 164 stream sites in the UYRW 

(table 6). The spatial and temporal distribution of sample collection was similar to that for physical 

properties and major ions. More than 100 samples per year were collected during 1975–1976, 1980–81, 

1997, and 2001; less than 20 samples per year were collected during 1993–94, 2005, and 2009 (table 7). 

More sites were sampled and more samples were collected in the Upstream Lewis SWA and Elk River 

to Hayden subbasins than other subbasins; the fewest sites sampled and samples collected were in the 

Elkhead Creek and Downstream Hayden subbasins, respectively. 

Dissolved nitrite was measured for 628 samples from 1981 to 2009 and ranged from less than 

0.001 to 0.39 mg/L with a median of 0.002 mg/L (table 14). Concentrations in 85 percent of samples, 

and all samples collected in the last 10 years, were 0.01 mg/L or less. Although there were nine samples 

collected from 1981 through 1988 with nitrite concentrations greater than the CDPHE aquatic-life 

standard of 0.05 mg/L, all sites were in attainment of the standard.  Temporal trends testing could not be 

performed using nitrite data. More than 10 percent of the nitrite data was censored and did not meet the 

statistical requirements for trends testing.  

Table 14.  Summary statistics of the number of stream sites and samples, minimum, median, and maximum values, 

and Colorado Department of Public Health and Environment in-stream water-quality standards for nutrients in 

stream-water samples, Upper Yampa River watershed and subbasins, Colorado, 1975 through 2009. 

Dissolved nitrate was measured for 1,096 samples from 1975 to 2009 and ranged from less than 

0.005 to 90 mg/L with a median of 0.07 mg/L (table 14). Many sites had more than 50 percent censored 

data. All samples collected after 1988 except one had dissolved nitrate concentrations of 1 mg/L or less. 
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The concentration in one sample collected from Elkhead Creek above Long Gulch (site 40) in 2003 was 

1.5 mg/L. Dissolved nitrate concentrations were greatest in the Elk River to Hayden and Downstream 

Hayden subbasins. All concentrations greater than 5 mg/L were detected in samples from these two 

subbasins. The Elk River to Hayden and Downstream Hayden subbasins have higher percentages of 

grassland, pasture, and rangeland in comparison to other subbasins, and livestock could contribute to 

nitrate in streams. Increases in nitrate also can be caused by wastewater treatment plant effluent and 

wildlife. All sites in the UYRW were in attainment of the CDPHE MCL for nitrate of 10 or 100 mg/L, 

depending on stream segment (Appendix 2). Samples with concentrations greater than 10 mg/L were 

collected in stream segments in the Elk River to Hayden and Downstream Hayden subbasins that have a 

standard of 100 mg/L because of natural conditions. Concentrations of unfiltered nitrate were similar to 

those for dissolved nitrate (table 14). More than 10 percent of the nitrate data were censored and did not 

meet the statistical requirements for trends testing.  

The median dissolved nitrate concentration of 0.05 mg/L for high-elevation streams in the 

UYRW that would be representative of reference conditions was greater than the median concentration 

of approximately 0.005 mg/L for  reference streams in the Southern Rocky Mountains (SRM) (U.S. 

Environmental Protection Agency, 2000). Calculation of the nitrate reference median for the UYRW 

was based on data for 1975–76 and for a few years in each decade since. The median nitrate 

concentration for reference streams in the SRM was calculated as the median concentration of seasonal 

data for 1990–99. Reference values represent conditions minimally affected by human activities and 

protective of aquatic life and recreational uses. 

Unfiltered total ammonia was analyzed for 1,027 samples from 1975 to 2009 and ranged from 

less than 0.01 to 2.3 mg/L with a median of 0.02 mg/L (table 14). More than 60 percent of the data were 

censored values. Higher (greater than 0.2 mg/L) concentrations only were detected in 10 percent of the 



DRAFT – DO NOT CIRCULATE. SUBJECT TO REVISION 
 

 45 

samples; most (84 percent) of these were collected before 1996. From 1996 through 2009, about 71 

percent of the concentrations greater than 0.1 mg/L were detected in the Yampa River just downstream 

from Stagecoach Reservoir, all from October through February. The maximum total ammonia 

concentration of 2.3 mg/L also was detected at this location. Conditions within the reservoir could be 

contributing to the increase in ammonia downstream from the reservoir outlet. Other sources of 

ammonia to stream in the UYRW could include fertilizers, seepage from septic tanks, livestock and 

wildlife, and effluent from the wastewater treatment process. Total ammonia concentrations in four 

samples collected during 1975 or 1976 at three sites exceeded the calculated CDPHE standard for the 

sample. No comparison was made to the 85th percentile concentration; the standard varies depending on 

the pH and water temperature of the sample. Total ammonia data could not be tested for temporal trends 

because most of the data was censored.  

Unfiltered total phosphorous was measured for 1,583 samples at 144 sites; concentrations ranged 

from less than 0.0037 to 3.9 mg/L, and the median was 0.044 mg/L (table 14). Median concentrations 

were 0.06 mg/L or more in the Upstream Lewis SWA, Elk River to Hayden, and Downstream Hayden 

subbasins. The highest concentrations were in the Elk River to Hayden and Downstream Hayden 

subbasins (fig. 6). High concentrations of total phosphorus throughout the UYRW could result from 

naturally-high concentrations in some sedimentary rocks and from urban and agricultural runoff, 

wastewater treatment plant effluent, and animal waste. The Wadge and Wolf Creek coal beds in the 

Yampa Coal field have very high contents of phosphorus (30 times greater than the average value for 

Cretaceous-age coal because of ash deposits (Affolter, 2000). A seasonal pattern to total phosphorus 

concentrations was evident for Yampa River at Milner (site 151). Concentrations were highest during 

the initial flush of snowmelt during April when phosphorus is bound to sediments and lowest during 

snowmelt runoff with dilution (fig. 7). Concentrations in 12 percent (193 of 1,583) of samples were 
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greater than USEPA recommended concentrations to control downstream eutrophication. A total of 59 

samples from seven sites were greater than 0.05 mg/L, the recommended concentration for streams that 

directly flow into lakes and reservoirs, and concentrations in 134 samples from 32 sites were greater 

than the recommended concentration of 0.1 mg/L for streams that do not directly flow into lakes and 

reservoirs. As a percentage of samples collected per year, concentrations greater than the 

recommendations occurred in more than 10 percent of samples collected during 1975–1982, 1988–

1992, 1997–2000, 2002, and 2007. The most (50 percent) was during 1990. Temporally, concentrations 

greater the recommendations occurred most frequently (greater than 25 percent of samples) during 

March, April, and May before and at the beginning of snowmelt runoff because phosphorus sorbs to 

particulate material. The 85th percentile concentration of total phosphorus data for 19 sites exceeded the 

recommended concentrations; five streams flow directly into reservoirs (fig. 10, table 11). Data for 8 of 

the sites were collected after 1994. Some stream segments in the Upstream Lewis SWA, Elk River to 

Hayden, and Downstream Hayden subbasins were excluded from the tabulation and calculation of 

exceedences because of naturally-occurring high concentrations of phosphorus. Total phosphorus data 

for one site, Yampa River at Steamboat Springs (site 153) met the statistical requirements for trends 

testing. A statistically significant (p-value 0.038) trend in an upward direction of 0.001 mg/L per year 

was identified for 1997–2008 (fig. 11, table 11). This may reflect population growth and land-use 

changes that have occurred upstream from the Steamboat Springs site. 

Figure 11. Flow-adjusted unfiltered total phosphorus concentration at Yampa River at Steamboat Springs (site 

153), Upper Yampa River watershed, Colorado, 1997 through 2008. 

Total phosphorus concentrations in high-elevation streams in the UYRW that would be 

representative of reference conditions were compared to concentration in reference streams in the 
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Southern Rocky Mountains. The 25th percentile and median concentrations of total phosphorus in the 

UYRW were  0.006 and 0.009 mg/L (calculated from data for 1975–76 and after 1998), respectively, 

and were similar to or much lower than the regional reference concentration for the Southern Rockies 

(Ecoregion 21) of 0.00635 mg/L (25th percentile concentration) and the regional median concentration 

of 0.02 mg/L (both calculated from seasonal summaries of data for 1990–99) (U.S. Environmental 

Protection Agency, 2000).  

Trace Elements and Uranium 

For this report, trace elements are metal and nonmetallic elements that generally occur in small 

(less than 1 mg/L) concentrations. Many trace elements are essential nutrients required by biota in small 

amounts, but substantial concentrations of trace elements can be toxic to aquatic life. Some trace 

elements can bioaccumulate in biota and bioconcentrate in the food chain. Trace-element type and 

concentration in water often are directly related to the bedrock geology and natural geochemical 

conditions in an area and the presence of thermal springs. Streams in mineralized areas naturally can 

contain high background concentrations of dissolved metals from the oxidation and weathering of 

minerals in rocks and soils. Common anthropogenic sources of trace elements are atmospheric 

deposition, industrial water releases (particularly acidic mine drainage), and urban runoff. The 

radiochemical uranium is an important indicator of radon gas, a human carcinogen. The potential for 

radon in indoor air increases with higher concentrations of uranium in rocks. The USEPA has assigned 

Garfied, Moffat, and Rio Blanco Counties to the radon-potential category of 1, signifying a high 

potential for elevated indoor radon levels (U.S. Environmental Protection Agency, 2010a). Routt 

County is in the radon-potential category of 2 and has a moderate potential for elevated indoor radon 

levels. Uranium in drinking water may be harmful to kidneys. 
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Trace-element and uranium data were available for 2,425 samples collected from 1975 through 

2009 at 145 sites in the UYRW (table 6). Sample were collected most frequently (over 100 samples per 

year) during 1976, 1980, 1992–1997, and 2001 (table 7). Samples were collected almost every year in 

the Upstream Lewis SWA and Elk River to Hayden subbasins. The fewest trace-element samples were 

collected in the Elkhead Creek subbasin. 

Concentration data for 23 trace elements in the dissolved form and 20 trace elements in the 

unfiltered form, including total recoverable, were available in the UYRW database for 145 stream sites. 

‘Total recoverable’ means that the portion of a water and suspended-sediment sample measured by the 

total recoverable analysis procedure.  Data for 15 trace elements are discussed in this report; summary 

statistics are presented in table 15. More than two-thirds of the concentrations for dissolved and total 

recoverable cadmium, chromium, lead, nickel, and silver, dissolved copper and zinc, and total 

recoverable mercury were less than laboratory reporting levels. Concentrations were highest for total 

recoverable iron, aluminum, and manganese, and dissolved iron, manganese, and strontium. The Elk 

River to Hayden and Downstream Hayden had the maximum detected concentrations of total 

recoverable aluminum, cadmium, nickel, and iron, dissolved and total recoverable copper, lead, and 

manganese, and dissolved arsenic, boron, chromium, strontium, and zinc. This likely is attributed to 

lithologic conditions in these subareas. Iron can be associated sedimentary and iron-rich igneous 

intrusive rocks (Colorado Department of Public Health and Environment, 2008). Data collected by the 

Seneca Coal Company indicate that the weathering and erosion of iron-containing lithologic formations 

and related soils contributes to elevated total recoverable iron concentrations in the Grassy Creek area. 

The mean content of manganese in the Wolf Creek coal bed in the eastern portion of the Yampa coal 

field was almost three-times higher than the mean content in other Cretaceous coal beds in the Yampa 

coal field (Brownfield and others, 1999). There was no spatial pattern to dissolved aluminum, copper, 
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iron, and zinc concentrations, but dissolved manganese concentrations were highest in the Elk to 

Hayden and downstream from Hayden subareas (fig. 6). Over one-half of the strontium samples had 

concentrations that were greater than the median concentration of 60 micrograms per liter (µg/L) for 

major rivers in North American (Hem, 1985). This occurred in the Upstream Lewis SWA, Elk River, 

Elk River to Hayden, and Elkhead Creek subbasins; no data were available for the Downstream Hayden 

subbasin (tables 15). The Wadge and Wolf Creek coal beds in the Yampa Coal field have high contents 

of strontium (30 times greater than the average value for Cretaceous-age coal) ( Affolter, 2000).  

Table 15.  Summary statistics of the number of stream sites and samples, minimum, median, and maximum values, 

and Colorado Department of Public Health and Environment in-stream water-quality standards for trace elements 

in stream-water samples, Upper Yampa River watershed and subbasins, Colorado, 1975 through 2009. 

Yearly variation in trace element concentrations of total recoverable aluminum, copper, iron, 

manganese, and zinc showed that higher concentrations typically occurred in 1980 and 1982 and 

typically were much lower in other years. There was no pattern to dissolved concentrations of these 

trace elements. Seasonal variation is trace element concentrations was evident for total recoverable 

concentrations of aluminum, copper, iron, and zinc, as shown for total recoverable iron at Yampa River 

at Milner (site 151) (fig. 7). Total recoverable aluminum, copper, iron, and zinc concentrations were 

highest in April; aluminum and iron concentrations also were elevated in May. Concentrations were 

higher during the initial pulse of snowmelt runoff due to particulate-phase trace elements binding to 

sediment during the first flush of material off of the land surface. The seasonal variation in total 

recoverable manganese concentrations was less evident. Dissolved iron concentrations had a similar 

seasonal pattern as total recoverable iron. For other dissolved trace elements, including manganese, a 

seasonal pattern of concentrations were not discernable. Sufficient data for trend testing only were 

available for total recoverable iron and dissolved and total recoverable manganese for Yampa River at 
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Steamboat Springs (site 153). A trend in a downward direction was identified for 1997–2008 for total 

recoverable manganese (table 10); the magnitude of change was 2.6 slope was µg/L per year. 

Dissolved copper collected at four sites and total recoverable iron collected at five sites were not 

in attainment of the CDPHE standard for the protection of aquatic life (fig. 12, table 11). Only one of 

four sites with an exceedence of the copper standard included data collected after 1998. Mean hardness 

for the four sites was 15 mg/L or less. Extremely low values for hardness greatly lowers the copper 

standard compared to sites with higher mean hardness. The four sites are in the Lewis SWA to Elk 

River and Elk River subbasins that naturally have low hardness values. Determination of nonattainment 

of the copper standard was based on small sample sizes, seven samples or less. Exceedances of the total 

recoverable iron standard all were based on data collected before 1998. Exceedences of the standard 

should not be a current issue of concern because of the age of the data. No stream had an exceedence of 

both the dissolved copper standard and the total recoverable iron standard. There were individual 

samples with concentrations of total recoverable arsenic, iron, and manganese and dissolved cadmium, 

chromium, lead, silver, and zinc that were greater than the standard values but attainment of the 

standards was met because the 85th percentile concentration of the data collected at a particular site for 

a particular trace element was less than the standard. Individual exceedences were most common for 

total recoverable iron, particularly from March through June when increased sediment load would be 

carried in streams with the flush of snowmelt runoff. Four sites in the Upstream Lewis SWA and Lewis 

SWA to Elk River subbasins were not in attainment of the water-supply standard for dissolved iron (fig. 

12, table 11). All but one site not in attainment had data that were collected in the last decade. 

Nonattainment of the water-supply standard for dissolved manganese occurred at 18 sites (fig. 12, table 

11); all data for six sites were collected before 1993. Nonattainment was most common in the Upstream 

Lewis SWA and Lewis SWA to Elk River subbasins. Higher dissolved manganese concentrations could 
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be the result of the lithologic conditions or possible oxidation-reduction processes that may occur in the 

water. Only one stream segment in the UYRW is on the State of Colorado 2008 303(d) list of impaired 

waters for non-attainment of aquatic-life use standards because of metal contamination (table 5) 

(Colorado Department of Public Health and 2010b); Dry Creek and its tributaries and wetlands are 

listed for total recoverable iron. Five streams and six trace elements are on the State of Colorado 

Monitoring and Evaluation list for metals (table 5) (Colorado Department of Public Health and 2010b). 

Figure 12. Exceedances of Colorado Department of Public Health and Environment in-stream water-quality 

standards for trace elements, Upper Yampa River watershed, Colorado, 1975 through 2009. 

Selenium is a trace element that occurs naturally in Cretaceous-age sedimentary rocks in western 

Colorado, especially in the Lewis and Mancos Shales (Butler and others, 1996; Colorado Water Quality 

Control Commission, 2010). Human activities such as mining and irrigated agriculture potentially can 

mobilize selenium in rock and soil. In water, selenium can bioaccumulate in aquatic organisms. 

Overexposure to selenium can be toxic to macroinvertebrates, fish, and birds. Selenium was measured 

for 846 samples collected at 108 sites primarily from 1975 through 1983 and after 1990. Concentrations 

ranged from a minimum noncensored value of 0.07 to 300 µg/L (table 13); 81 percent of samples were 

censored at reporting levels that ranged from 0.2 to 6 µg/L. Samples with detected concentrations of 3 

µg/L or greater were collected from streams that drained areas with underlying Lewis and Mancos 

Shales, geologic formations that are seleniferous. Aquatic-life standards for dissolved selenium have 

been adopted for most stream segments; three segments have a standard for total recoverable selenium 

(Appendix 2). The chronic standard of 4.6 µg/L for dissolved selenium was not met for seven sites; the 

acute standard of 18.4 also was not met for six of the seven sites (fig. 8, table 11). The sites are in the 

Upstream Lewis SWA, Elk River to Hayden, and Downstream Hayden subbasins. The site in the 
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Upstream Lewis SWA subbasin is near Stagecoach Reservoir in an area underlain by Mancos Shale. 

Sites with exceedences in the Elk River to Hayden and Downstream Hayden subbasins are underlain by 

Lewis Shale. One stream segment for Dry Creek and one for Sage Creek are on the CDPHE 2010 

303(d) list for impaired waters for selenium, and one stream segment for the Yampa River downstream 

from Stagecoach Reservoir is on the 2010 Monitoring and Evaluation list for selenium (table 5) 

(Colorado Department of Public Health and Environment, 2010b). No data were available for 

comparison to the aquatic-life standard for total recoverable selenium.  

Dissolved uranium data for the UYRW only were available for 51 samples; one-half were 

collected during 1979 and 1981-1983 and  one-half were collected during 2003, 2004, and 2006. 

Detected concentrations ranged from less than 0.059 to 170 µg/L (table 15). The maximum 

concentration, collected during 1983, was an outlier; the next highest concentration in the watershed 

was 6 µg/L. About 33 percent of the data were censored at concentrations less than 1 µg/L. Most of the 

data were collected in the Upstream Lewis SWA, Elk River, and Elk River to Hayden subbasins. Except 

for one sample with a concentration of 170 µg/L collected at Yampa River above Oak Creek confluence 

(site 129), all dissolved uranium concentrations were much lower than the USEPA drinking-water 

standard of 30 µg/L. The CDPHE has not established uranium standard for the UYRW. 

Coliform Bacteria 

Coliforms are bacteria present in the digestive tracts of warm-blooded animals and in soil and 

vegetation. The bacteria are not likely to cause illness themselves but their presence in water indicates 

that disease-causing pathogens also could be in the water. Total coliform consists of a large group of 

different types of bacteria. Fecal coliforms are bacteria that are present in the feces and intestines of 

warm-blooded animals. Their presence in water  indicates recent contamination by animal waste or 

sewage. E.coli is a subgroup of  fecal coliform bacteria. The USEPA recommends that E.coli is best 
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suited for predicting the presence of gastrointestinal illness-causing pathogens in fresh water; the 

recommended steady-state geometric mean value for recreational bathing use is 126 E.coli colonies per 

100 milliliters (col/100 mL) and is based on a specific level of risk of no more than ten illnesses per 

1,000 swimmers for fresh water. Sources of bacteria include animal and wildlife (including birds) 

wastes that are typically deposited directly in a water body,  runoff from feedlots, pastures, and woods, 

and sewage plants and septic systems. Concentrations of fecal coliforms are typically influenced by but 

not limited to temperature, salinity, light intensity, rainfall, and streamflow. 

In the UYRW, data for coliform bacteria were available for 432 samples collected from 89 

stream sites (table 6) during 1975–76 and 1998–2009 Table 7). More than 44 samples per year were 

collected during 1975, 1976, 2001, and 2002. Samples were collected most frequently and from the 

greatest number stream sites  in the Lewis SWA to Elk River subbasin than other subbasins; the fewest 

samples and sites were in the Downstream Hayden subbasin.  

Total coliform data were available for 119 samples collected during 1975 and 1976 at 43 sites, 

primarily in the Lewis SWA to Elk River subbasin. Concentrations ranged from no detection to 18,000 

col/100 mL; about 80 percent (95 of 119) of the concentrations were less than 400 col/100 mL. Most 

(20 of 24) concentrations of 400 col/100 mL or more were detected in samples from the Lewis SWA to 

Elk River subbasin. E.coli was measured for 123 samples collected from 1991 through 2009. 

Concentrations ranged from less than 1 to 733 col/100 mL, and the median was 18 col/100 mL (table 

16). Recent (2000–2009) E. coli data are from samples collected at Elk River near Milner (site 33), Fish 

Creek at Upper Station (site 149),Yampa River at Steamboat Springs (site 153) and three Elkhead Creek 

sites (sites 40 and 42). The CDPHE recreation standard for E. coli of 126 col/100 mL was exceeded in 

five samples collected from 1994 through 2003. Two samples were from Yampa River at Steamboat 

Springs (site 153) and three samples were from two Elkhead Creek sites (sites 40, 44). No sites with an  
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E coli standard of 205 or 630 col/100 mL were sampled. Three stream segments are on the CDPHE 

303(d) list of impaired waters or monitoring and evaluation list for E. coli (table 5). The most robust set 

of data for bacteria in the UYRW was available for fecal coliform. Data for 399 samples were collected 

at 88 sites in multiple subbasins during 1975–1976 and 1989–2007. About 95 percent (381 of 399) of 

the concentrations were less than 200 col/100 mL, the maximum concentratation was 2,100 col/100 mL 

(table 16). Potential sources of E.coli and fecal coliform in the UYRW include but are not limited to 

recreational water users, wildlife, and  livestock. The Yampa River in the vicinity of Steamboat Springs 

is heavily used for recreation during summer; the Elkhead Creek subbasin has a high percentage of 

rangeland and pasture. 

Table 16.  Summary statistics of the number of stream sites and samples, minimum, median, and maximum values, 

and Colorado Department of Public Health and Environment in-stream water-quality standards for coliform 

bacteria in stream-water samples, Upper Yampa River watershed and subbasins, Colorado, 1975 through 2009. 

Suspended Sediment 

Suspended sediment or suspended solids are very fine particles suspended in water for a 

significant time period without settling. This includes silt and soil from erosion and storm and urban 

runoff, remains from the breakdown of terrestrial and aquatic biota, and wastes from industry and water 

treatment plants. The amount and size of suspended sediment in water are affected by streamflow; 

higher streamflows can carry more and larger suspended material than lower streamflows (fig. 13). 

Because phosphorus adsorbs to the surface of sediment, phosphorus concentrations are higher when 

suspended-sediment concentrations are higher. Suspended-sediment samples were collected in the less 

frequently and in the fewest years compared to other constituent groups (table 6 and 7). In all subbasins 

except the Elk River and Elkhead Creek subbasin, sample collection only occurred before 1993; 
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samples were collected in the Elk River and Elkhead Creek subbasins through 2003. Concentrations 

typically were lowest from August through February when streamflow was lowest. Concentrations were 

highest during May in the Elk River and  Elkhead Creek subbasins and during April in other subbasins. 

The highest concentrations were in streams in areas with sedimentary rocks, especially the Elk River to 

Hayden and Downstream Hayden subbasins (table 17). Bushy Creek is the only stream segment on the 

State of Colorado 2008 303(d) list of impaired waters for nonattainment of the sediment standard (table 

5) (Colorado Department of Public Health and 2010b). 

Figure 13. Discharge and suspended-sediment and total phosphorus concentrations in Elkhead Creek above Long 

Gulch (site 40), Upper Yampa River watershed, Colorado, July 1995 through September 2003. 

Table 17.  Summary statistics of the number of stream sites and samples and minimum, median, and maximum values 

for suspended sediment in stream-water samples, Upper Yampa River watershed and subbasins, Colorado, 1975 

through 2003. 

Lakes and Reservoirs 

The UYRW water-quality database contains data for 42 lake and reservoir sites in 30 bodies of 

water and 369 samples days beginning in 1975 (table 6). Sites with different site names and identifiers 

in the database but with the same latitude and longitude are counted as one site. Samples collected at 

multiple depths on the same day are counted as one sample day. For 26 lake and reservoir sites in 16 

bodies of water, data were collected for a maximum of four samples days, all before 1986. About one-

half of these sites were potholes or ponds. Data also were available for 16 sites and 327 samples 

collected on 180 sample days from five lakes and reservoirs beginning in 1983 (Appendix 4). Lake 

Elbert and Long Lake Reservoir, high-elevation lakes in and near the Mount Zirkel Wilderness Area 

north and east of Steamboat Springs, are long-term data-collection sites with samples collected on 139 
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days between the mid-1980s and 2008. Samples were collected in Stagecoach Reservoir on 43 days at 

five sites during 1990–1992 and July 2006. Data for Steamboat Lake only were available for one day in 

July 2006. Elkhead Reservoir had one-half of the sites and 44 percent of the samples with water-quality 

data; data were collected between July 1995 and August 2001. 

Analysis of lake and reservoir data is restricted to those sites with long-term data collection 

and(or) recent (after 1994) data. Sites are grouped for analysis based on site and data similarities. Data 

for Lake Elbert and Long Lake are analyzed together. Analysis of data for Stagecoach Reservoir is 

limited to samples collected on July 25, 2006. These data are compared to data collected in Steamboat 

Lake on the same day. Water quality of Elkhead Reservoir was analyzed in detail by Kuhn and others 

(2003) and is summarized here.  

Lake Elbert and Long Lake Reservoir were sampled 2–5 times per year during the open-water 

season (July-October) (Mast and others, 2005). Grab samples were collected manually from the shore at 

locations with little or no vegetation. Both lakes were very dilute, with median specific conductance 

concentrations were 11.1 and 19.7 uS/cm (table 18). Conductance typically was lower during snowmelt 

runoff when lake water was diluted than later during summer when groundwater discharge had a larger 

effect on water chemistry. Values of pH were similar for the two reservoirs, ranging from 6.2 or 6.3 to 

8.2 or 8.4. Median pH was slightly more acidic in Lake Elbert. Values of pH in 17 samples from Lake 

Elbert and one sample from Long Lake Reservoir were less than the CDPHE water-quality minimum 

standard of 6.5 for aquatic-life protection; these occurred during July or August. Hardness and ANC 

reflected the lakes’ location in areas with Precambrian igneous rocks that react slowly to weathering. 

Low ANC (17.9 mg/L or less) indicates that both lakes are sensitive to acidic deposition. Hardness, 

ANC, and sulfate concentrations were higher in Long Lake Reservoir, reflecting a greater influence of 

groundwater on water quality and differences in biogeochemistry (Mast and others, 2005). Little or no 
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decrease in sulfate concentrations was detected with a decrease in sulfate emissions from a nearby 

upwind powerplant and a related decrease in atmospheric deposition of sulfate. However, there should 

be a decrease in lake sulfate at some time in the future because of the reduction in atmospheric 

deposition (Mast and others, 2005). Most (119 of 135) nitrate concentrations were less than detection 

levels of 0.01 and 0.007 mg/L. Mast and others (2005) report that the Lake Elbert and Long Lake 

Reservoir watersheds are less sensitive to atmospheric deposition of nitrogen than reservoirs in the Front 

Range of Colorado because of a greater capacity for nitrogen assimilation. Unfiltered total phosphorus 

concentrations were 0.02 mg/L or lower. All dissolved manganese concentrations were less than the 

aquatic-life standard. Water-supply standards for dissolved iron and manganese rarely were exceeded. 

Concentrations in one sample from Lake Elbert and two samples from Long Lake Reservoir collected 

before 1989 exceeded the dissolved iron standard. The standard for dissolved manganese was exceeded 

in one sample collected from Long Lake Reservoir during 1987.  

Table 18.  Summary statistics of the number of sites and samples, minimum, median, and maximum values, and 

Colorado Department of Public Health and Environment in-stream water-quality standards for select physical 

properties, sulfate, and select nutrients and trace elements in Lake Elbert and Long Lake Reservoir, Upper Yampa 

River watershed, Colorado, 1983 through 2009. 

Depth-profile measurements for July 26, 2006 for one site near the dam in Stagecoach Reservoir 

and Steamboat Lake were compiled for water temperature, specific conductance, pH, and dissolved 

oxygen (fig. 14). Samples also were collected near the water surface and near the bottom of the water 

column for analysis of physical properties, major ions and selenium, nutrients, trace elements, and 

chlorophyll a. Values for selected physical properties and constituents in the near surface and near 

bottom samples are shown in table 19.  
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Figure 14. Water temperature, specific conductance, pH, and dissolved-oxygen profiles for A) Stagecoach 

Reservoir and B) Steamboat Lake, Upper Yampa River watershed, Colorado, April 25, 2006. 

Table 19.  Concentrations of select physical properties, sulfate, select nutrients and trace elements, and chlorophyll a in 

near-surface and near-bottom water-quality samples, Stagecoach Reservoir and Steamboat Lake, Upper Yampa 

River watershed, Colorado, July 25, 2006. 

Vertical stratification within the water column was evident for water temperature, specific 

conductance, pH, and dissolved oxygen (fig. 14). Water temperature at the site near the dam in each 

reservoir was similar at the surface, around 22°C, and lower (less than 6°C) at depth  in Stagecoach 

Reservoir than in Steamboat Lake (8.4°C or greater). Specific conductance was  much higher for 

Stagecoach Reservoir. The Yampa River and other tributaries to the reservoir drain areas overlying 

sedimentary rocks. Tributaries to Steamboat Lake primarily drain areas with more resistant igneous and 

metamorphic rocks. Water clarity, as measured by Secchi depth transparency, was less in Stagecoach 

Reservoir. This is probably due to an increased amount of dissolved constituents in the reservoir water 

as compared to Steamboat Lake. Water column pH was lower (around 7.2–7.5) in Steamboat Lake. 

There were no exceedences of the CDPHE water-quality standard for pH of 6.5–9.0. Anoxic conditions 

at depth were indicated for both bodies of water; dissolved-oxygen concentrations were less than 1 

mg/L starting around 19 ft below the water surface in Stagecoach Reservoir and around 22 ft below the 

water surface in Steamboat Lake. Loss of oxygen primarily is due to oxygen consumption at the 

sediment-water interface where bacterial decomposition of sediment organic matter is greatest and use 

of oxygen by aquatic organisms in the water column (Wetzel, 1983). Stagecoach Reservoir is on the 

State of Colorado Monitoring and Evaluation list for dissolved oxygen (table 5) (Colorado Department 

of Public Health, 2010b). 
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Concentrations of chemical constituents in both bodies of water were lower near the water 

surface than near the bottom of the water column except for total phosphorus in Stagecoach Reservoir 

(table 19). Concentrations of nitrate less than the detection limit in near-surface samples probably 

indicates biological uptake of the nutrient. Hardness, ANC, sulfate, and total phosphorus in near-surface 

and near-bottom samples were higher in Stagecoach Reservoir because of sedimentary rocks in the 

drainage basin for the reservoir. Dissolved and total recoverable iron and dissolved manganese were 

higher in Steamboat Lake, probably because of the composition of igneous and metamorphic rocks in 

the reservoir drainage basin. Chlorophyll a was an order of magnitude higher in Stagecoach Reservoir 

than Steamboat Lake. With only one sample, it is not possible to explain this difference in chlorophyll a 

concentration. 

The study of water-quality in Elkhead Reservoir from July 1995 through August 2001 indicated 

seasonal changes in water quality for many physical properties and chemical constituents (Kuhn and 

others, 2003). Depth-profile measurements showed that the lake stratified during summer and late 

winter and mixed during spring and fall. Temperature ranged from about 0°C during winter  to about 

20°C during summer. Specific conductance was lowest (138 µS/cm) during snowmelt runoff and 

highest (610 µS/cm) during early spring when streamflow was low. Values of pH indicated neutral to 

slightly alkaline conditions; median pH near the water surface ranged from 7.2 to 8.0. Median 

dissolved-oxygen concentrations were around 7.1 and 7.2 in near-surface samples and from 4.8 to 5.6 

mg/L at depth during stratification. Some measurements of dissolved oxygen showed anoxic conditions 

during stratification; concentrations at depth  were around 1.0 mg/L or less. The range in median water 

clarity was 3.0 to 4.3 ft. Median dissolved nitrate plus nitrite concentrations ranged from 0.006 to 0.020 

mg/L in near-surface samples and from 0.005 to 0.172 mg/L in near-bottom samples. Median 

phosphorus concentrations were slightly lower (0.018 to 0.0128 mg/L) in near-surface samples than 
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near-bottom samples (0.028 to 0.058 mg/L). Median concentrations of chlorophyll a were 1.1 µ/L or 

less at all sites. The trophic state of the reservoir ranged from oligotrophic (nutrient poor) to eutrophic 

(nutrient rich). More (52 percent) samples indicated that phosphorus was the limiting nutrient rather 

than nitrogen (9 percent of samples). Elkhead Reservoir and Lake Catamount, south from Steamboat 

Springs, have fish consumption advisories for mercury (http://www.cdphe.state.co.us/wq/FishCon/, 

accessed October 2010) (table 5). 

Groundwater 

Water-quality data for groundwater in the UYRW were available for 328 wells. Six wells were 

sampled by the CDOA during 1998, and 322 wells were sampled by the USGS from 1975 through 1989 

(fig. 15, table 3, Appendix 5). Wells were concentrated in the middle two-thirds of the watershed west 

from the mountains. A total of 1,590 samples were collected–six by the CDOA and 1,584 by the USGS. 

For the USGS wells, 817 samples had water-quality data and 767 samples only had data for water-level 

measurements. This count of water-quality data for the USGS does not include multiple water-quality 

samples collected on the same day at a site or 219 water-level measurements collected on the same day 

at a site as the water-quality sample but at a different time. Almost 66 percent (214 of 322) of the USGS 

wells with water-quality data only were sampled once. Each CDOA well was sampled once in 1998. 

Samples with water-quality data most commonly were collected during 1975, 1978, and 1988 (table 20). 

The fewest samples were collected during 1984, 1986, and 1998; no samples were collecting during 

1985 and 1990 through 1997. All water-quality samples for groundwater but one had data for physical 

properties; the fewest data were available for organic carbon, stable isotopes, and radiochemical 

constituents. Analysis of water-quality data for groundwater will focus on one sample per day for 

physical properties, TDS, major ions, nutrients, and trace elements. 

http://www.cdphe.state.co.us/wq/FishCon/�
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Figure 15. Location of groundwater wells with water-quality data, Upper Yampa River watershed, Colorado, 1975 

through 1989 and 1998. 

Table 20.  Period of record and number of groundwater water-quality samples collected per year by constituent group, 

Upper Yampa River watershed, Colorado, 1975 through 1989 and 1998. 

For all CDOA wells and about 29 percent of the USGS wells, no aquifer description was 

provided with the well-construction data. Wells with an aquifer description were located in 12 geologic 

units, most commonly the floodplain alluvium and Mesaverde Group (table 21). Water-quality samples 

most often were collected from the unknown aquifer and Mesaverde Group, and terrace alluvial 

aquifers. In ascending order, the stratigraphy of the Upper Cretaceous and Tertiary formations with 

aquifers discussed in this report are Mancos Shale, Mesaverde Group, Lewis Shale, and Browns Park 

Formation. The alluvial aquifer occurs along the stream valleys and is Quaternary in age. The Mancos 

Shale predominately is mudrock that formed in the marine environment of the Western Interior Seaway. 

It grades into the Mesaverde Group which consists of marine and nonmarine deposits of sandstone, 

shale, and coal beds that formed with the regression and transgression of the Western Interior Seaway. 

The Lewis Shale is composed of shale, siltstone, and smaller amounts of sandstone that formed in an 

offshore marine environment. The Tertiary Browns Park Formation includes riverine sandstone, 

conglomerates, and siltstone that eroded from nearby mountains and volcanic ash. The alluvium is 

unconsolidated gravel, sand, silt, and clay derived from rock and soil erosion. The quality of 

groundwater in the aquifers is a function the depositional environment and of various geochemical 

processes that include dissolution of soluble minerals in the aquifers and related soil and ion exchange 

and oxidation-reduction processes. Published information on groundwater quality that includes areas 

within the UYRW is available from the Ground Water Atlas of Colorado for alluvial aquifers in the 

Yampa River basin, Precambrian crystalline and tertiary igneous rock aquifers, and sedimentary rock 
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aquifers of the Sand Wash basin (Topper and others, 2003). Groundwater quality for the upper part of 

the Mesaverde Group (Twentymile aquifer and the Williams Fork aquifer) in the Yampa coal field is 

discussed in Robson and Stewart (1990).  

Table 21.  Number of groundwater wells and samples by sample type and geologic unit, Upper Yampa River 

watershed, Colorado, 1975 through 1989 and 1998. 

Physical Properties 

Data for physical properties for groundwater were available for 816 water-quality samples 

collected from 328 wells. Water temperature and specific conductance data were most common; 

dissolved-oxygen concentrations were the least common (table 22). Specific conductance ranged from 

50 to 15,900 µS/cm, with a median of 1,170 µS/cm (table 22). No aquifer description was available for 

the sample with the maximum conductance. Conductance typically was lower in the Browns Park 

Formation than in the alluvium, Lewis and Mancos Shales, and Mesaverde Group (fig. 16), probably 

reflecting the nonmarine depositional environment of the Browns Park Formation and the marine 

depositional environment of the latter three geologic units. Values of pH ranged 5.3 to 12.3, and the 

median was 7.6. About 6 percent (42 of 667) pH values did not meet the CDPHE SMCL of 6.5–9.0 

(table 23) (Colorado Department of Public Health and Environment, 2009b). Values less than 6.5 were 

measured in 14 samples from 13 wells, most commonly in samples from wells in the unknown aquifer 

and Mesaverde Group. Values greater than 9.0 were measured in 28 samples from 17 wells, most 

commonly in alluvium and the Mesaverde Group. Water temperature ranged from 2 to 95°C, with a 

median of 10.5°C. The maximum value was measured in the Mesaverde Group and probably represents 

water heated at depth. About 31 percent (36 of 116) of samples from 16 wells in the unknown aquifer 
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and Mesaverde Group aquifer had a dissolved-oxygen concentration of less than 1 mg/L, indicating 

anoxic conditions.  

Figure 16. Specific conductance in well-water samples by geologic unit, Upper Yampa River watershed, Colorado, 

1975 through 1986. 

Table 22.  Summary statistics of the number of wells and samples, minimum, median, and maximum values and 

Colorado Department of Public Health and Environment water-quality standards and number of exceedances for 

selected physical properties and water-quality constituents in groundwater, Upper Yampa River watershed, 

Colorado, 1975 though 1989 and 1998. 

Table 23.  Geologic units with exceedances of Colorado Department of Public Health and Environment water-quality 

standards for groundwater for selected physical properties and water-quality constituents, Upper Yampa River 

watershed, Colorado, 1975 through 1989. 

Total Dissolved Solids and Majors ions 

Data for total dissolved solids was available for 564 samples collected from 179 wells (table 22). 

Concentrations ranged from 46 to 8,490 mg/L, with a median of 812 mg/L. Among the geologic units, 

the median concentration was lowest (289 and 329 mg/L) in the floodplain alluvial and Browns Park 

Formation aquifers, respectively, and highest (894 mg/L) in the Mesaverde Group aquifers.   

Major ion data typically were available for 554 or more samples (table 22) collected from 186 

wells. A total of 185 samples with data for the cations calcium, magnesium, sodium, and potassium and 

the anions bicarbonate, chloride, fluoride, and sulfate were used to calculate water type. Calcium was 

the dominant cation in the Browns Park Formation aquifer, and calcium and magnesium were the 

dominant cations in the floodplain alluvial and Lewis Shale aquifers (fig. 17). All three geologic units 

had one or two samples with sodium plus potassium as the dominant cation. For the other geologic units 
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shown in fig. 17, no one cation was dominant in the aquifers, and the water type for cations mostly was 

mixed between calcium, magnesium, and sodium plus potassium. In the Williams Fork aquifer of the 

Mesaverde Group, the dissolution of calcite and dolomite from limey shales, limestones, and dolomitic 

limestones is a source of calcium and magnesium (Robson and Stewart, 1990). In areas with marine 

shales, the exchange of calcium and magnesium ions in solution with sodium ions on the clay minerals 

in sodium-rich marine shales is the principal source of sodium in the groundwater (Robson and Stewart, 

1990). Bicarbonate was the dominant anion in the floodplain alluvium, Browns Park Formation, and 

Lewis and Mancos Shale aquifers; bicarbonate and sulfate were dominant in the terrace alluvium and 

Mesaverde Group. Dissolution of carbonate minerals likely is the source of bicarbonate; sulfate may 

occur because of the dissolution of gypsum and oxidation of the minerals pyrite and marcasite (Robson 

and Stewart, 1990). Insufficient leaching of materials in soil from the lack of precipitation in a semiarid 

climate may cause sulfate to remain near the land surface (Hem, 1992), possibly accounting for higher 

sulfate concentrations in the terrace alluvial aquifer. 

Figure 17. Cation and anion percentiles and water type by geologic unit for groundwater samples, Upper Yampa 

River watershed, Colorado, 1975 through 1986 

Dissolved sulfate concentrations ranged from less than 1 to 4,000 mg/L, with a median of 220 

mg/L (table 22). For the geologic units, the median sulfate concentration was lowest (5.9 mg/L) in the 

Browns Park Formation aquifer and highest (330 mg/L) in the terrace alluvial aquifer; the median 

ranged from 49 to 140 mg/L for the floodplain alluvial, Lewis and Mancos Shale, and Mesaverde Group 

aquifers. Concentrations in about one-half (250 of 554) of the well-water samples for sulfate were 

greater than the CDPHE SMCL of 250 mg/L for groundwater (table 23) (Colorado Department of 

Public Health and Environment, 2009b). About 51 and 57 percent of the samples collected from the 
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terrace alluvial and Mesaverde Group aquifers did not meet the standard; 47 percent of samples from 

wells with no aquifer description also did not meet the standard.  

Most (539 of 554) dissolved chloride concentrations were less than the SMCL of 250 mg/L 

(Colorado Department of Public Health and Environment, 2009b). Concentration ranged from 0.5 to 

5,000 mg/L, and the median was 10 mg/L (table 22). For the geologic units, median concentrations were 

8.3 mg/L or less in the floodplain alluvial, Browns Park, and Mesaverde aquifers and in wells without 

an aquifer description. Median concentrations of 12 and 21 mg/L in the Mancos and Lewis Shales, 

respectively, probably reflect the marine origin of the formations. The highest (46 mg/L) median 

concentration was in the terrace alluvial aquifer. About 2.7 percent (15 of 554) of samples collected 

between 1975 and 1982 had chloride concentrations that did not meet the CDPHE SMCL (table 23). 

Most (9 of 15) exceedences were in samples with no aquifer description; three exceedances each were in 

samples from the Mancos Shale and Mesaverde Group aquifers. 

Dissolved fluoride concentrations in well-water samples ranged from 0.1 to 15 mg/L, with a 

median of 0.4 mg/L (table 22). All geologic units except the terrace alluvium had a median 

concentration of 0.4 mg/L or less, the terrace alluvium median was 0.7 mg/L. Five of 557 dissolved 

fluoride concentrations did not meet the CDPHE MCL of 4 mg/L for groundwater (Colorado 

Department of Public Health and Environment, 2009b). One exceedance, the maximum concentration of 

15 mg/L, was in a sample from the Browns Park Formation aquifer, and two were in samples from the 

Mancos Shale aquifer. Well-completion data were not available for two other samples exceeding the 

fluoride standard.  

Nutrients 

Nutrient data were available for 508 samples (table 20) collected from 189 wells. Dissolved 

nitrate plus nitrite samples were most common (473 samples); total unfiltered phosphorus samples were 
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least common (42 samples) (table 22). Most (139 of 142) samples for dissolved nitrite were from wells 

with no aquifer description; three samples were from the Mesaverde Group. All dissolved nitrite 

concentrations were 0.26 mg/L or less, well below the CDPHE MCL for drinking water of 1 mg/L and 

the agricultural-use standard for livestock watering of 10 mg/L (Colorado Department of Public Health 

and Environment, 2009b). Data for dissolved nitrate plus nitrite (NO23) were available for all geologic 

units listed in table 21, most commonly for samples from wells with no aquifer description (254 

samples) and the Mesaverde Group (122 samples). Median concentrations were less than 1 mg/L for all 

geologic units except for the terrace alluvium (1.5 mg/L) and Lewis Shale (1.1 mg/L). About 4.4 percent 

(21 of 473) of the NO23 samples has concentrations that exceeded the CDPHE HH standard of 10 mg/L 

(table 22). Exceedances occurred in samples from eight geologic units (table 23) that were collected 

before 1980 and during 1988 and 1989 and were most common in samples collected from wells in the 

Yampa coal field. One exceedance occurred in a sample from a well (site 197) just upstream from 

Stagecoach Reservoir and one from a well (site 482) upstream from Elkhead Reservoir. No NO23 

concentrations exceeded the agricultural-use standard for livestock watering of 100 mg/L Data for 

dissolved total phosphorus were available for well samples with no aquifer description (189 samples), 

terrace alluvium and Mesaverde Group (44 samples each), and Lewis Shale (1 sample). Unfiltered total 

phosphorus data only were available for 42 samples (table 22) from the floodplain alluvium, Eocene 

series, Lewis and Mancos Shales, Mesaverde Group, unknown aquifer, and valley-fill deposits. 

Concentrations of dissolved and unfiltered total phosphorus were 0. 33 mg/L or less except for a 

concentration of 0.76 from a well (site 355) with no aquifer description. About 95 percent of the 

concentrations were less than 0.1 mg/L. Concentrations greater than 0.1 mg/L were detected in samples 

from wells in the terrace alluvium (5 samples), unknown aquifer (4 samples), Mesaverde Group (2 
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samples), and one sample from the Lewis and Mancos Shales in the Yampa coal field. The CDPHE has 

not established water-quality standards for dissolved and unfiltered total phosphorus in groundwater. 

Trace Elements 

Trace-element data were available for 609 samples from 190 wells. Samples included data for 

the dissolved constituents and total recoverable iron listed in table 22 that are discussed in this report 

and also for total recoverable copper, dissolved lithium and vanadium, and unfiltered and total 

recoverable manganese. More than 500 samples had concentration data for dissolved boron, iron, 

manganese, and zinc; the fewest samples (22) were available for dissolved antimony (table 22). More 

than 80 percent of the data for dissolved antimony, beryllium, cadmium, chromium, cobalt, copper, 

lead, mercury, molybdenum, nickel, and silver were less than laboratory reporting levels. The highest 

concentrations (3,600 µg/L or more) detected were for dissolved aluminum and boron, dissolved and 

total recoverable iron, and dissolved manganese, strontium, and zinc. All concentrations of dissolved 

antimony, chromium, copper, nickel, and silver met CDPHE MCLs or SMCLs for groundwater. The 

HH standard for dissolved lead was exceeded in one sample from the Mesaverde Group aquifer at site 

286 near the mouth of Middle Creek (table 23); no samples had concentration greater than the 

agricultural-use standard for livestock watering of 1,000 µg/L. The HH standard for dissolved 

molybdenum was exceeded in one sample from the Mancos Shale aquifer at site 467 just northwest of 

Steamboat Springs (table 23). The MCL for dissolved beryllium was exceeded in two samples (site 329) 

from the unknown aquifer. The MCL for dissolved cadmium was exceeded in less than 4 percent (13 of 

329) of samples (table 23), three samples from the Mesaverde Group aquifer near Foidel Creek and ten 

samples from unknown aquifer near Fish Creek and between Grassy and Sage Creeks in the Yampa coal 

field. No standard has been established for cobalt.  
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Data for dissolved aluminum were available for wells with no aquifer description (268 samples), 

Mesaverde Group aquifer (58 samples) and floodplain alluvial aquifer (1 sample). The median 

concentration was 10 µg/L for the Mesaverde Group and unknown aquifer; the maximum concentration 

was detected in a well sample from the unknown aquifer. No domestic water-quality standard has been 

established by the CDPHE for dissolved aluminum. All aluminum concentrations were less than the 

agricultural-use standard for livestock watering of 5,000 µg/L. Arsenic data primarily were available for 

wells in the unknown aquifer (291 samples) and the Mesaverde Group (82 samples); 22 or fewer 

samples were available from the alluviums, Browns Park Formation, and Lewis and Mancos Shales. All 

dissolved arsenic concentrations but one were 8 µg/L or less, most (365 of 446) were 1 µg/L or less. 

Only one sample collected during 1975 from the floodplain alluvial aquifer at site 238 had a 

concentration (160 µg/L) that did not meet the CDPHE MCL of 10 µg/L for dissolved arsenic (table 

23). Data for dissolved barium only were available for samples from the unknown aquifer. All seven 

dissolved barium concentrations of 200 µg/L or more were detected in samples from one well (site 312) 

located near an unnamed tributary to Fish Creek in the Yampa coal field.  Dissolved boron data most 

commonly were available for the unknown aquifer (309 samples), the Mesaverde Group (119 samples), 

and the terrace alluvium (88 samples). The median concentration in the terrace alluvial aquifer of 1,300 

µg/L was greater than all concentrations in other aquifers except one value of 1,400 µg/L for a sample 

from the unknown aquifer. The highest concentrations (2,000 µg/L or more) were detected in samples 

from wells in the vicinity of the mouth of Sage Creek near Hayden. Water-quality standards for barium 

and boron have not been established by the CDPHE. 

Dissolved iron data were available for 574 samples from every lithology listed in table 21. Most 

samples were collected from the unknown lithology (329 samples), Mesaverde Group (127 samples) 

and terrace alluvium (65 samples). The highest median concentrations were for samples from the valley-
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fill deposits (115 µg/L), Mancos Shale (80 µg/L), and Mesaverde Group (50 µg/L) and lowest (less than 

10 µg/L) for the Browns Park Formation. Individual samples with concentrations greater than 2,000 

µg/L were collected from the unknown aquifer (5 samples), Mesaverde Group (3 samples), and one 

sample each from the floodplain alluvium, Mancos Shale, and valley-fill deposits. The CDPHE SMCL 

for dissolved iron was exceeded in 10 percent (60 of 574) samples collected between 1975 and 1989, 

most commonly for the unknown aquifer (table 23). Exceedances were concentrated in the Yampa coal 

field. Data for total recoverable iron only were available for 109 samples; 55 and 53 samples from the 

unknown lithology and the Mesaverde Group aquifers, respectively, and one sample from the floodplain 

alluvial aquifer. The median concentration for the first two aquifers was 3,700 and 1,400 µg/L, 

respectively. Concentrations greater than 10,000 µg/L were detected in samples from wells near Fish, 

Trout, and Grassy Creeks in the Yampa coal field. All three aquifers had one or more samples with a 

concentration greater than 79,000 µg/L. 

Dissolved manganese data were available for all geologic units, especially the unknown aquifer 

(318 samples), Mesaverde Group (110 samples), and terrace alluvium (67 samples). Median 

concentrations were 30 µg/L or less for aquifer samples from the floodplain alluvium, Browns Park 

Formation, and Lewis and Mancos Shales; the median for the Browns Park Formation was the lowest at 

less than 10 µg/L. Median concentrations for the terrace alluvium (70 µg/L) and Mesaverde Group and 

unknown aquifer (60 µg/L each) were greater than the CDPHE SMCL for manganese of 50 µg/L, as 

were single concentrations for the Upper Cretaceous series (60 µg/L), valley-fill deposits (70 µg/L), and 

Precambrian Erathem (110 µg/L). In total, the CDPHE SMCL for dissolved manganese was exceeded in 

more than one-half (284 of 548) of the samples; most commonly for the unknown aquifer (table 23). 

Exceedances were concentrated in the Yampa coal field; a few (7) exceedances were just downstream 
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from Steamboat Springs (site 440), just north and northwest from Steamboat Springs (sites 443, 464, 

467), the Elk River valley (sites 480, 501), and the Elkhead Creek basin (site 475). 

Data for dissolved selenium were available for all geologic units, primarily for the unknown 

aquifer  (332 samples), Mesaverde Group (128 samples), and terrace alluvium (81 samples). Most (439 

of 594) concentrations were less than reporting limit of 1 µg/L (table 22). The median concentration of 

4 µg/L for the terrace alluvial aquifer was the only median greater than 1 mg/L; the maximum 

concentration of 27 µg/L was detected in a sample from this aquifer. There were no exceedences of the 

CDPHE MCL for selenium of 50 µg/L (Colorado Department of Public Health and Environment, 

2009b). Except for 217 samples from wells with no aquifer description, data for dissolved strontium 

were available for nine or fewer samples from the alluvial floodplain, Browns Park and Curtis 

Formations, Mancos Shale, Mesaverde Group, and Precambrian Erathem aquifers. Median 

concentrations were the highest (680 µg/L) in the unknown aquifer and higher (495 and 330 µg/L) in 

the Mesaverde Group and Mancos Shale, respectively. Concentrations greater than 1,000 µg/L typically 

were detected in samples from multiple wells in the unknown aquifer near an unnamed tributary to Fish 

Creek and between Grassy and Sage Creeks in the Yampa coal field and one well each in the Mancos 

Shale and unknown aquifer near Mad Creek northwest from Steamboat Springs. The CDPHE has not 

established a water-quality standard for strontium in groundwater. Data for zinc were available for all 

geologic units except the Eocene and Upper Cretaceous series and the Fort Union Formation; data were 

most common for the unknown aquifer (316 samples), Mesaverde Group (102 samples), and terrace 

alluvium (66 samples). About 27 percent (138 of 514) of the samples had concentrations less than 

laboratory reporting levels. The highest median concentrations were for samples from the Browns Park 

Formation and Mancos Shale aquifers, 265 and 220 µg/L, respectively. Concentration greater than 1,000 

µg/L were detected in well-water samples from aquifers in the floodplain alluvium, Lewis Shale, 
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Mancos Shale, and Mesaverde Group, and the unknown aquifer; the wells were located throughout the 

UYRW. The CDPHE SMCL for zinc of 5,000 µg/L was not exceeded. 

Macroinvertebrates 

Data on macroinvertebrate communities and population were available for 66 stream sites in the 

UYRW for various periods of time between 1975 and 2008 (fig. 18, Appendix 6). Data consists of 

counts of the number of individuals within a given taxa. About 38 percent (25 of 66) of sites were 

sampled once by the USGS during August and September 1975. The CDPHE collected 

macroinvertebrate data at 37 sites during most years from 1997 through 2008. Sample collection 

occurred during April and July through October; three or fewer samples were collected at each site. 

Data were made available from the State of Colorado Ecological Data Application System (Chris Theel, 

written commun., 2009). These data are included in an Ecological Monitoring and Assessment Program 

report (Colorado Department of Public Health and Environment, 2007). Data on macroinvertebrate 

communities and population also have been collected by GEI Consultants, Inc., for the City of 

Steamboat Springs; population data for various taxa were available for four sites on the Yampa River 

within the city limits for one day during the middle of September 2005 and 2007 and late August 2008 

(GEI Consultants, Inc., 2007, 2008). Data were collected to determine if changes in the 

macroinvertebrate community occurred throughout the study reach or through time. USGS 

macroinvertebrate data are available at http://rmgsc.cr.usgs.gov/cwqdr/Yampa/index.shtml). CDPHE 

and GEI Consultants, Inc., macroinvertebrate data are available at the Colorado Division of Wildlife 

Data Sharing Network [get address from Barb Horn (CDOW) when data upload is finally complete]. 

Figure 18. Location of stream sites with macroinvertebrate data, Upper Yampa River watershed, Colorado, 1975 

through 2008. 
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Detailed analysis of the macroinvertebrate data is beyond the scope of this report. However, 

results of macroinvertebrate sampling at the four Yampa River sites within the Steamboat Springs city 

limits can be summarized from the 2008 GEI Consultants, Inc., report (GEI Consultants, Inc., 2008). 

For the 2008 sampling, density (number of individuals per square meter) was the highest at the most 

downstream site. Insects were the most commonly collected taxa throughout the study reach; 

crustaceans, and snails and clams occurred in small numbers in the reach. Segmented worms increased 

in density from upstream to downstream and represented a significant part of the aquatic community at 

the most downstream site. The macroinvertebrate community at the most downstream site was more 

tolerant of poor water quality than the communities upstream. This may indicate that macroinvertebrates 

in the river were affected by water quality; however, other characteristics of the macroinvertebrate 

community such as species richness did not indicate that a problem exists because of water quality. 

Many of the changes in community characteristics during the years from 2004 through 2008 occurred 

throughout the study reach, and no negative changes were unique to downstream sites. This may 

indicate that changes in community characteristics are due to natural variation rather than human 

activities. 

Synthesis of Water-Quality Data in the Upper Yampa River watershed 

Water-quality data for 5,862 samples collected from 1975 through 2009 at 211 stream sites in 

the UYRW were analyzed for this report. Samples were collected from streams throughout much of the 

watershed except for a large area in the northern one-third of the watershed and some areas in the 

southern part of the watershed. Long-term data collection was limited. Only one site, Yampa River at 

Steamboat Springs, was sampled every year during the study period. However, data for sites sampled by 

the CDPHE only were available through 2007. About one-half of the sites had data for five or fewer 

samples.  
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Analysis of stream data for specific conductance illustrates many of the findings that also were 

identified for others physical properties and constituents. Specific conductance of a stream sample 

depended in large part on the underlying geology of the stream’s drainage basin. Low (less than 50 

µS/cm) specific conductance values were most common in streams in the subbasin Yampa River from 

the Chuck Lewis State Wildlife Area to the Elk River and the Elk River subbasin. The geology in these 

subbasins mostly is comprised of igneous and metamorphic rocks that are resistant to weathering. With 

less weathering, streams contain fewer dissolved constituents and have lower specific conductance. 

Streams in the Yampa River subbasins downstream from the Elk River, in contrast, commonly had 

specific conductance values greater than 1,000 µs/cm. Streams in these areas primarily have drainage 

basins that are underlain by Cretaceous-age sedimentary rocks, particularly those of marine origin. 

Sedimentary rocks, including shales and sandstones, are more susceptive to weathering. The weathering 

results in an increase in dissolved constituents in streams and higher specific conductance. Higher 

values or concentrations can occur naturally in a stream because of natural conditions. Another finding 

illustrated by specific conductance in streams is the seasonal variability in value or concentration of 

many constituents due to streamflow. Throughout the watershed, specific conductance was lowest 

during snowmelt runoff when there was increased dilution and higher during most other times of the 

year with lower streamflow and more baseflow from groundwater. Only three sites had sufficient (10 

years or more of at least quarterly data collection ending after 2000 and less than 10 percent censored 

data) long-term data that could be tested for temporal trends. Trend analysis of data for other 

constituents, including other physical properties, dissolved solids, selected major ions, total phosphorus, 

and some trace elements, could only be conducted for one site. Few stream sites had data collection for 

10 years or more. For many sites, there was a gap in yearly data collection or sample collection was 

concentrated during the warmer months of the year rather than at least quarterly sampling during a year. 
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This demonstrates the need for consistent (throughout a year and for many years) long-term data 

collection at a site for temporal trend analysis of water-quality data and also to identify emerging 

changes in water quality.  

Values of pH and dissolved oxygen for many samples were within CDPHE water-quality 

standards. However, five sites with pH data and two sites with dissolved oxygen data were not in 

attainment of CDPHE standards. Four sites with pH less than the standard of 6.5 were in the subbasins 

Yampa River from the Chuck Lewis State Wildlife Area to the Elk River and the Elk River with 

naturally lower pH due to geology and lower steam alkalinity (lower capacity to buffer inputs of acidic 

water). Acidic drainage is not a water quality issue of concern in the Yampa coal field because of the 

lack of sulfuric acid formation and higher buffering capacity. Values of PH greater than the maxima 

standard were more common than those less the standard minima. Many higher values occurred during 

summer afternoons when photosynthesis activity was higher than others times of the day. One issue of 

water-quality concern in the UYRW is water temperature, particularly in the Yampa River in Steamboat 

Springs. Many values measured in the Yampa River in Steamboat Springs, particularly those during late 

July and early August were not in attainment of the CDPHE standard for cold water. Higher water 

temperatures can stress aquatic life. 

Concentrations of total dissolved solids, major ions, nitrate, and many trace elements tended to 

be higher in the subbasins downstream from the Elk River than in other subbasins because of the 

prevalence of sedimentary rocks in these areas. Materials weathered from the sedimentary rocks contain 

a large amount soluble minerals and trace elements. Exceedance or non-attainment of CDPHE water-

quality standards based on the 85th percentile of data were recorded for total dissolved solids, total 

recoverable iron, unfiltered sulfate, and dissolved, copper, iron, manganese, and selenium, especially for 

manganese. Concentration greater than standards were most common in the Upstream Lewis and Lewis 
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SWA to Elk River subbasins. Standards have not been established for many stream segments in the Elk 

River to Hayden, and Downstream Hayden subbasins because of naturally-high concentrations for many 

constituents. Another issue of water-quality concern in the UYRW is total phosphorus in streams. High 

concentrations were detected throughout the watershed and could result from naturally-high 

concentrations in some sedimentary rocks, urban and agricultural runoff, wastewater treatment plant 

effluent, and animal waste. Elevated concentrations can result in excessive amounts of algae. A 

statistically significant upward trend in flow-adjusted concentrations of unfiltered total phosphorus of 

0.001 mg/L per year was identified Yampa River at Steamboat Springs for 1997-2008. The 85th 

percentile of data for total phosphorus was greater than USEPA recommended concentrations in every 

subbasin except the Elk River and Downstream Hayden subbasins. The E. coli standard for recreation 

was exceeded in five samples. Three stream segments are on the CDPHE list of impaired waters or 

monitoring and evaluation list for E. coli. 

Long-term data collection only occurred for two lakes and reservoirs; samples were collected in 

Lake Elbert and Long Lake Reservoir from the mid-1980s and 2008. Recent data (data collected after 

1994) were available for Stagecoach Reservoir, Steamboat Lake, and Elkhead Reservoir. Values of pH 

in less than the CDPHE minima were more common in Lake Elbert than Long Lake Reservoir. Both 

bodies of water are sensitive to acidic deposition from precipitation because of a very low buffering 

capacity. Stagecoach Reservoir, Steamboat Lake, and Elkhead Reservoir thermally stratified during 

summer. Each body of water exhibited anoxic conditions during summer; dissolved-oxygen 

concentrations at depth were less than 1 mg/L. Low dissolved oxygen is an issue of concern for 

Stagecoach Reservoir; the reservoir is on the CDPHE monitoring and evaluation list for dissolved 

oxygen. Many physical properties and constituents for Elkhead Reservoir exhibited seasonal changes in 

water quality. The reservoir’s trophic state was oligotrophic to eutrophic, and phosphorus was the 
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limited nutrient in more samples than nitrogen. Elkhead Reservoir and Lake Catamount, south from 

Steamboat Springs, have fish consumption advisories for mercury. 

Groundwater data from 1975 through 1989 and for 1998 were analyzed. No data were in the 

UYRW water-quality database for 1990 through 1997 and there was no recent data (data collected after 

1989). A total of 328 wells and 1,590 samples were collected. Except for six CDOA wells and samples, 

all wells and samples were for the USGS. Wells were concentrated in the middle two-thirds of the 

watershed west from the mountains. Extensive data collection was limited; almost 66 percent of wells 

sampled only had data for one sample. No aquifer description was available for about 29 percent of the 

wells. The remaining wells were completed in 12 geologic units, primarily the Mesaverde Group and 

the floodplain alluvium. Eight of 12 geologic units and the unknown aquifer had more than three 

samples; most commonly the unknown aquifer. Mesaverde Group, and terrace alluvium. Groundwater 

quality depended on the depositional environment of the geologic material and various geochemical 

processes.  

Specific conductance typically was lower in the Browns Park Formation than other geologic 

units and the unknown aquifer, as were median concentrations of total dissolved solids, and dissolved 

sulfate and chloride. This most likely is due to the riverine depositional environment of the formation 

rather than a marine environment and the presence of sandstones and conglomerates rather than shale. 

The highest median concentrations of dissolved sulfate and chloride were in samples from the terrace 

alluvium. This could reflect insufficient leaching of material from the alluvium because of the semi-arid 

climate. Higher concentrations of sulfate may occur naturally because geochemical process involving 

gypsum and minerals containing sulfur. In the marine Lewis and Mancos Shales, chloride could result 

from ion exchange in clays. The CDPHE standard in sulfate was exceeded in about one-half of the 

samples collected. The chloride standard was exceeded in less than 3 percent of samples.  
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Other CDPHE standards that rarely (less than 6 percent of samples) were exceeded were those 

for pH, and dissolved fluoride and NO23. Except for 5 samples of NO23 collected during 1988 and 1989, 

all exceedances occurred before 1980. Exceedances of the NO23 standard were most common in 

samples from wells in the Yampa coal field.  

Many trace elements in groundwater would not be issues of concern because of low 

concentrations; 80 percent of more of the concentrations for many trace elements were less than 

laboratory reporting levels. CDPHE water-quality standards were exceeded in one or two samples for 

dissolved arsenic, lead, molybdenum, and beryllium, and in less than 4 percent of samples for dissolved 

cadmium. Trace elements with higher concentrations in groundwater samples were dissolved aluminum, 

and boron, dissolved and total recoverable iron, and dissolved manganese, strontium, and zinc. Of these, 

the most important for water quality were dissolved iron and manganese. The CDPHE standard for 

dissolved iron was exceeded in 10 percent of samples, and the standard for dissolved manganese was 

exceeded in more than one-half of the samples collected. Exceedances for dissolved iron and manganese 

were common for samples collected from wells in the Yampa coal field. High concentration of these 

trace elements and other properties and constituents, including specific conductance, hardness, 

alkalinity, total dissolved solids, sulfate, NO23, and other trace elements, in samples from wells in the 

Yampa coal field are reflected in higher concentrations of these properties and constituents in stream 

water samples from sites in the Elk River to Hayden and Downstream Hayden subbasins that include the 

Yampa coal field.  

Summary 

Around 2006, stakeholders in the UYRW in northwestern Colorado expressed a need for a 

compilation and evaluation of the available historic water-quality data in the watershed to assess effects 

of growth, identify temporal and spatial gaps within available data, and evaluate data for spatial and 
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temporal trends. The U.S. Geological Survey (USGS), in cooperation with Routt County, the Colorado 

Water Conservation Board, and the City of Steamboat Springs, initiated a study in late 2008 to compile 

water-quality data and assess water-quality conditions in the watershed. This assessment of water 

quality in the UYRW includes surface water and groundwater data collected from 1975 through 2009 

that were available in an electronic UYRW water-quality database. Water-quality data were compiled 

from the USGS National Water Information System, the USEPA Storage and Retrieval database, and 

City of Steamboat Springs (data collected by GEI Consultants, Inc.) This report presents summary, 

spatial and temporal distribution, temporal trend analysis, and comparison to State and Federal water-

quality standards and recommendations of data for selected physical properties and chemical 

constituents collected from streams, lakes and reservoirs, and groundwater wells from 1975 through 

2009. The availability and characteristics of macroinvertebrate data for the watershed are discussed. The 

UYRW includes the Elkhead Creek drainage basin and the Yampa River drainage basin upstream from 

Elkhead Creek. 

Data for physical properties, total dissolved solids and major ions, nutrients, trace elements and 

uranium, suspended sediment, and coliform bacteria collected from 211 stream sites throughout most of 

the watershed were analyzed. More sites were sampled in the subbasin Yampa River upstream from the 

Chuck Lewis State Wildlife than other subbasins in the watershed; more samples also were collected in 

this subbasin than other subbasins. A total of 5,862 samples were collected. Physical properties (specific 

conductance, pH, water temperature, dissolved oxygen, hardness, and acid neutralizing capacity) were 

collected at nearly all stream sites and in the greatest number of samples. Suspended-sediment data were 

collected at the fewest number of sites and in the fewest number of samples. For all physical properties 

and chemical constituents, five or fewer samples were collected at almost one-half of the stream sites. 



DRAFT – DO NOT CIRCULATE. SUBJECT TO REVISION 
 

 79 

Low (less than 50 µS/cm) specific conductance values were most common in headwater 

tributaries with drainage basins that are underlain with igneous and metamorphic rocks are resistant to 

weathering; higher (greater than 1,000 µS/cm) specific conductance values were more common in areas 

with sedimentary rocks that are more susceptive to weathering. A statistically significant (p-value 0.03) 

trend in a downward direction was identified for 1997 through 2008 for specific conductance measured 

at the Yampa River at Steamboat Springs site; the rate of change was about 6 µS/cm/year. Most values 

of pH, water temperature, and dissolved oxygen met CDPHE water-quality standards. However, five 

sites had pH values that were not in attainment of the CDPHE aquatic-life standard of 6.5–9.0; four less 

than 6.5 were sampled before 1988 and one greater than 9.0 was sampled from 1999 through 2002. Sites 

not in attainment were in the Yampa River from Chuck Lewis State Wildlife Area to Elk River subbasin 

(four sites) and the Elk River subbasin (one site). Water temperature measured at the Yampa River at 

Steamboat Springs site from July 2002 through December 2004 did not meet the CDPHE aquatic-life 

standards for cold water for 16 percent of samples days for the DM and 26 percent for the MWAT. One 

Little White Snake Creek site  and one Martin Creek site were not in attainment of the dissolved-oxygen 

aquatic-life standard of 6.0 mg/L. Only the Little White Snake Creek site was sampled after 2000. This 

stream is on the CDPHE Monitoring and Evaluation list for 2010. Streams with a lower capacity to 

neutralize inputs of acidic water were more common in the Yampa River from Chuck Lewis State 

Wildlife Area to Elk River subbasin and the Elk River subbasin than other subbasins in the watershed. 

Streams least likely to neutralize acidic inputs drain mountainous areas that are susceptible to acidic 

precipitation. 

The 85th percentile concentration of TDS at one site on Trout Creek site was greater than the 

non-enforceable SMCL of 500 mg/L. This site in the subbasin Yampa River from Elk River to Hayden 

has a drainage basin that is underlain by sedimentary rocks that likely contribute to increased 
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concentrations of TDS. The primary water type throughout the watershed except for the Yampa River 

downstream from Hayden subbasin was calcium bicarbonate. No water type was dominant in the 

Yampa River downstream from Hayden subbasin. Unfiltered sulfate data for one Little White Snake 

Creek site and one Trout Creek site were not in attainment of the CDPHE water-quality standard of 250 

mg/L. Both sites have drainage basins that are underlain by sedimentary rocks. All dissolved and 

unfiltered chloride concentrations met the CDPHE water-quality standard of 250 mg/L. Standards for 

sulfate and chloride have not been established for some stream segments because of naturally high 

concentrations in the streams. Data for TDS, calcium, magnesium, sodium, potassium, sulfate, chloride, 

and silica collected at the Yampa River at Steamboat Springs site from 1997 through 2008 were tested 

for temporal trends. The only statistically significant trend identified was a downward trend in TDS; the 

p-value and rate of change were 0.03 and 3.9 mg/L/yr, respectively.  

Concentrations of dissolved nitrite were 0.01 mg/L or less in 85 percent of samples collected and 

all samples collected in the last 10 years. All stream sites were in attainment of the CDPHE aquatic-life 

standard of 0.05 mg/L for nitrite. More than 50 percent of dissolved nitrate data for many stream sites in 

the UYRW were reported as less than detection levels. Only one sample collected after 1988 had a 

dissolved nitrate concentration that was greater than 1 mg/L. Among all samples, concentrations were 

highest in the Yampa River subbasins downstream from the Elk River. All sites in the UYRW were in 

attainment of the CDPHE drinking-water MCL for nitrate of 10 or 100 mg/L. The standard of 100 mg/L 

was established for some stream segments because of naturally high concentrations of nitrate. Unfiltered 

total ammonia concentrations in four samples collected at three sites during 1975 or 1976 were greater 

than the calculated CDPHE standard for each sample. Median unfiltered total phosphorus 

concentrations were 0.06 mg/L or more in the subbasin upstream from the Chuck Lewis State Wildlife 

Area and Yampa River subbasins downstream from the Elk River. Concentrations greater than USEPA 
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recommended levels of 0.5 or 0.1 mg/L to control downstream eutrophication were detected in 12 

percent (193 of 1,583) of individual samples collected from more than 32 sites, most commonly during 

some years before 1993 and 1997–2002, 2002, 2007. A statistically significant (p-value=0.038) trend in 

an upward direction for flow-adjusted concentrations of unfiltered total phosphorus of 0.001 mg/L/year 

was identified for 1997–2008 for the Yampa River at Steamboat Springs site (site 153). This may reflect 

population growth and land-use changes that have occurred upstream from the site. 

Two-thirds or more of the concentration data for dissolved and total recoverable cadmium, 

chromium, lead, nickel, and silver, dissolved copper and zinc, and total recoverable mercury were less 

than laboratory reporting levels. Elevated concentrations were highest for total recoverable iron, 

aluminum, and manganese, and dissolved iron, manganese, and strontium. Many of the maximum 

detected concentrations for these and other trace elements were in samples collected in the Yampa River 

subbasins downstream from the Elk River. CDPHE water-quality standards were met for many trace 

elements. However, four and five stream sites with dissolved copper and total recoverable iron data, 

respectively, were not in attainment of the CDPHE standards for the protection of aquatic life. All data 

except that for one dissolved copper site were collected before 1998. Four stream sites were not in 

attainment of the water-supply standard for dissolved iron; data primarily were collected during the last 

10 years. Nonattainment of the water-supply standard for dissolved manganese occurred at 18 stream 

sites. Sites not in attainment of the aquatic-life and water-supply standards were most common in the 

Yampa River subbasins downstream from the Elk River. Aquatic-life standards for dissolved selenium 

were not met at seven sites in the subbasin upstream from Chuck Lewis State Wildlife Area and the 

Yampa River subbasins downstream from the Elk River. The sites not in attainment are in areas 

underlain by Lewis and Mancos Shales, lithologic formations that are seleniferous. Dissolved uranium 
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data only were available for 51 samples. One sample collected during 1983 had a concentration that was 

greater than the USEPA drinking-water standard of 30 µg/L. 

Coliform bacteria data were available for 432 samples collected from 89 stream sites during 

1975–76 and 1998–2009, most commonly from sites in the Lewis SWA to Elk River subbasin and 

during 1975, 1976, 2001, and 2002. Concentrations of total coliform were less than 400 col/100 mL in 

80 percent of samples collected; all samples were collected during 1975 and 1976. Samples for E. coli 

were collected as late 2009. Concentrations of E. coli in five samples collected from 1994 through 2003 

were greater than the CDPHE recreation standard of 126 col/mL. The two exceedances for the Yampa 

River at Steamboat Springs site and three exceedances for two Elkhead Creek sites could be due to  

recreational users of the river and wildlife and livestock. Concentrations of fecal coliform less than 200 

col/100 ml in about 95 percent of the samples collected.  

Water-quality data for five lakes and reservoirs in the UYRW were summarized or analyzed for 

this report. Data collected between the mid-1980s and 2008 were summarized for Lake Elbert and Long 

Lake Reservoir. Data collected in Stagecoach Reservoir and Steamboat Lake on one day in July 2006 

were analyzed, and data collected from July 1995 through August 2001 were summarized for Elkhead 

Reservoir. Water in Lake Elbert and Long Lake Reservoir was very dilute; median specific conductance 

concentrations were 11.1 and 19.7 uS, respectively. The CDPHE minimum water-quality standard for 

pH of 6.5 was not met in 17 samples from Lake Elbert and one sample from Long Lake Reservoir. Low 

concentrations of ANC (17.9 mg/L or less) indicated that the reservoirs are sensitive to acidic 

deposition. Dissolved nitrate concentrations in 119 of 135 samples were less than reporting levels. 

Water-supply standards for dissolved iron and manganese rarely were exceeded. Concentrations in one 

Lake Elbert sample and two Long Lake Reservoir samples were greater than the dissolved iron standard. 

One Long Lake Reservoir sample had a concentration greater than the dissolved manganese standard. 
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All samples with exceedances were collected before 1989. Measurements of water temperature, specific 

conductance, pH, and dissolved oxygen in Stagecoach Reservoir and Steamboat Lake made on July 26, 

2006, showed vertical stratification within the water column. Water clarity was less in Stagecoach 

Reservoir than Steamboat Lake. This probably is due to an increased amount of dissolved constituents 

in Stagecoach Reservoir as compared to Steamboat Lake. Dissolved-oxygen concentrations of less than 

1 mg/L at depth in both bodies of water indicated anoxic conditions. Stagecoach Reservoir is on the 

State of Colorado Monitoring and Evaluation list for dissolved oxygen. Data collected in Elkhead 

Reservoir from July 1995 through August 2001 exhibited seasonal changes in the water quality of many 

physical properties and chemical constituents. The reservoir was stratified during summer and late 

winter and mixed during spring and fall. Dissolved-oxygen concentrations at depth of around 1.0 mg/L 

or less during stratification indicated anoxic conditions. The reservoir trophic state ranged from 

oligotrophic (nutrient poor) to eutrophic (nutrient rich). More (52 percent) samples indicated that 

phosphorus was the limiting nutrient rather than nitrogen (9 percent of samples). 

Water-quality data for groundwater were available for 817 samples collected from 328 wells 

from 1975 through 1989 and 1998. About 66 percent of the wells only were sampled once. Wells were 

concentrated in the middle two-thirds of the watershed west from the mountains. No aquifer description 

was available for about 29 percent of the wells. Wells with an aquifer description most commonly were 

located in 12 geologic units, especially the floodplain alluvium and Mesaverde Group. Water-quality 

samples most often were collected from the unknown aquifer and Mesaverde Group and terrace alluvial 

aquifers. Three aquifers were marine in origin.   

Specific conductance was higher in sedimentary rock aquifers of marine origin rather than the 

nonmarine sedimentary rock aquifer. About 6 percent of pH values did not meet the CDPHE SMCL of 
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6.5–9.0, most commonly in the unknown aquifer and the Mesaverde Group aquifer. These two aquifers 

were the only aquifers with dissolved-oxygen concentrations less than 1 mg/L. 

Median total dissolved solids concentrations were highest in the Mesaverde Group and lowest in 

the floodplain alluvium and Browns Park Formation. The dominant cations were calcium and calcium-

magnesium in some aquifers and mixed between calcium, magnesium, and sodium plus potassium in 

other aquifers. Bicarbonate or bicarbonate and sulfate were the dominant anions. Dissolved sulfate 

concentrations in about one-half of the samples were greater than the CDPHE SMCL of 250 mg/L, most 

commonly for samples from the terrace alluvium, Mesaverde Group, and unknown aquifer. The chloride 

SMCL of 250 mg/L and the fluoride MCL of 4 mg/L rarely were exceeded.  

All dissolved nitrite concentrations were below the CDPHE standards for drinking water and 

livestock watering. Median dissolved NO23 concentrations were less than 1 mg/L in all geologic units 

except the terrace alluvium and Lewis Shale; the median concentrations for these aquifers was 1.5 and 

1.1 mg/L, respectively. The CDPHE HH for dissolved NO23 was not met in 4.4 percent of samples, 

primarily in samples collected from wells in the Yampa coal field. Dissolved and unfiltered total 

phosphorus concentrations were less than 0.1 mg/L in 95 percent of all wells sampled.  

Concentrations of dissolved antimony, beryllium, cadmium, chromium, cobalt, copper, lead, 

mercury, molybdenum, nickel, and silver were low in the watershed; more than 80 percent of the 

samples collected for these trace elements had concentrations less than laboratory reporting levels. The 

highest concentrations (3,600 µg/L or more) were detected in samples for dissolved aluminum and 

boron, dissolved and total recoverable iron, and dissolved manganese, strontium, and zinc. CDPHE 

MCLs or SMCLs for groundwater were met for dissolved antimony, chromium, copper, nickel, and 

silver. The HH standard for dissolved lead and molybdenum and the MCL for dissolved arsenic, 

beryllium, and cadmium rarely were exceeded. These standards were exceeded in a total of 18 samples. 
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Dissolved iron concentrations were elevated in some samples; median concentrations were 50 

µg/L or more for samples collected from aquifers in valley-fill deposits, Mancos Shale, and Mesaverde 

Group. Individual concentrations greater than 2,000 µg/L were detected in samples from these three 

aquifers and also from the unknown aquifer and floodplain alluvial aquifer. Dissolved iron 

concentrations in 10 percent of samples did not met the CDPHE SMCL of 300 µg/L, most commonly 

for samples from the unknown aquifer. Exceedances were concentrated in the Yampa coal field. 

Dissolved manganese concentrations also were elevated in some samples. Median concentrations were 

greater than the CDPHE SMCL of 50 µg/L in samples collected from the terrace alluvium, Mesaverde 

Group, and unknown aquifer and individual samples collected from the Upper Cretaceous series, valley-

fill deposits, and Precambrian Erathem. In total, the CDPHE SMCL for dissolved manganese was not 

met for more than one-half of the samples collected, most commonly in samples from the unknown 

aquifer. were concentrated in the Yampa coal field.  

Concentrations of dissolved selenium were less than laboratory reporting levels in about 74 

percent of the samples collected. Only the median concentration of 4 µg/L for the terrace alluvium was 

greater than 1 µg/L. The CDPHE SMCL for dissolved selenium was not exceeded. Dissolved strontium 

data primarily were available for the unknown aquifer. Concentrations greater than 1,000 µg/L typically 

were detected in samples from multiple wells in the unknown aquifer in the Yampa coal field. About 27 

percent of the data for dissolved zinc were less than laboratory reporting levels. The highest (220 µg/L 

or more) median concentrations of dissolved zinc were for samples collected from the Browns Park 

Formation and Mancos Shale aquifers. The CDPHE SMCL for zinc of 5,000 µg/L was not exceeded.  

Macroinvertebrate community and population data were available for 66 stream sites in the 

UYRW for various periods of time between 1975 and 2008. Data were collected by the CDPHE, GEI 

Consultants, Inc., and the USGS. Detailed analysis of the macroinvertebrate data is beyond the scope of 
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this report. A summary of community and population data collected once a year by GEI Consultants, 

Inc., at four Yampa River sites in Steamboat Springs between 2004 and 2008 did indicate that many 

changes in community characteristics during the study period occurred throughout the study reach, and 

no negative changes were unique to downstream sites. This may indicate that changes in community 

characteristics are due to natural variation rather than human activities. 

Synthesis of water-quality data indicates that the values and concentrations of many physical 

properties and constituents in stream water samples were dependant on the geology of the drainage 

basin of a stream. Concentrations of many properties and constituents were lower in areas with less 

reactive igneous and metamorphic rocks and higher in areas with more sedimentary rocks, particularly 

in subbasins downstream from the Elk River. Many values and concentrations reflected natural 

conditions, including many higher concentrations. Analysis of data for changes in stream-water-quality 

over time was limited because of the absence of consistent long-term data collection in the watershed. 

Attainment of CDPHE water-quality standards for many constituents in stream water was met. 

Nonattainment of the standard for water temperature at one site and total phosphorus concentrations 

greater than USEPA recommended limits at many sites probably were the most important water-quality 

issues of concern for streams. An upward trend in total phosphorus concentrations was identified for one 

stream site. Hydrologic and channel modifications may be the cause of higher water temperatures in the 

Yampa River in Steamboat Springs. Some concentrations of total phosphorus are high because of 

geology; others could result from urban and agricultural runoff, treatment plant effluent, and animal 

waste. 

Recent (collected after 1998) groundwater data were not available for analysis. Data collected 

from 1975 through 1989 and during 1998 indicated that values and concentrations of physical properties 

and constituents in groundwater samples were dependant on the depositional environment of the 
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geologic material in the aquifer and various geochemical processes. Attainment of CDPHE water-

quality standards were met and rarely exceeded for many constituents. However, the standards for 

dissolved sulfate and manganese were exceeded in about one-half or more of the samples collected. 

Higher values and concentrations of many physical properties and constituents in samples from wells in 

the Yampa coal field were reflected in higher concentrations in streams in subbasins that included the 

Yampa coal field. 
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