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Conversion Factors and Datums

Multiply By To obtain
Length

inch (in.) 	 2.54 centimeter (cm)
foot (ft) 	  0.3048 meter (m)
mile (mi) 	 1.609 kilometer (km)

Area
acre 	 4,047 square meter (m2)
section (640 acres or 1 square mile) 	 259.0 square hectometer (hm2)
square mile (mi2) 	 259.0  hectare (ha)
square mile (mi2) 	  2.590 square kilometer (km2) 

Volume
gallon (gal) 	 3.785 liter (L)
gallon (gal) 	 0.003785 cubic meter (m3) 
cubic foot (ft3) 	 0.02832 cubic meter (m3)
acre-foot (acre-ft) 	 1,233 cubic meter (m3)

Flow rate
cubic foot per second (ft3/s) 	 0.02832 cubic meter per second (m3/s)
gallon per minute (gal/min) 	 0.06309 liter per second (L/s)
million gallons per day (Mgal/d) 	 0.04381 cubic meter per second (m3/s)

Radioactivity
picocurie per liter (pCi/L) 	 0.037 becquerel per liter (Bq/L) 

Specific capacity
gallon per minute per foot  
	 [(gal/min)/ft)]

	  0.2070 liter per second per meter [(L/s)/m]

Hydraulic conductivity
foot per day (ft/d) 	  0.3048 meter per day (m/d)

Hydraulic gradient
foot per mile (ft/mi) 	  0.1894 meter per kilometer (m/km)

Transmissivity*
foot squared per day (ft2/d) 	  0.09290 meter squared per day (m2/d) 

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

						      °F=(1.8×°C)+32

Temperature in degrees Fahrenheit (°F) may be converted to degrees  Celsius (°C) as follows:

						      °C=(°F-32)/1.8

Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 (NGVD 29).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Altitude, as used in this report, refers to distance above the vertical datum.

*Transmissivity: The standard unit for transmissivity is cubic foot per day per square foot times foot of 
aquifer thickness [(ft3/d)/ft2]ft. In this report, the mathematically reduced form, foot squared per day (ft2/d), 
is used for convenience.

Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 25 °C).

Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or 
micrograms per liter (µg/L).

Water year is October 1 through September 30 and is designated by the year in which it ends.
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Water Resources of Carbon County, Wyoming

By Timothy T. Bartos, Laura L. Hallberg, Jon P. Mason, Jodi R. Norris, and Kirk A. Miller

tions that make it moderately saline to briny. In some areas, 
even shallow ground water is moderately saline. Specific 
constituents in parts of some aquifers in the county occur in 
relatively high concentrations when compared to U.S. Envi-
ronmental Protection Agency drinking-water standards; for 
example, relatively high concentrations of sulfate, chloride, 
fluoride, boron, iron, manganese, and radon were found in 
several aquifers.

The estimated mean daily water use in Carbon County in 
2000 was about 320 million gallons per day. Water used for 
irrigation accounted for about 98 percent of this total. About 
98 percent of the total water used was supplied by surface 
water and about 2 percent by ground water. Excluding irriga-
tion, ground water comprised about 78 percent of total water 
use in Carbon County. Although ground water is used to a 
much lesser extent than surface water, in many areas of the 
county it is the only available water source.

Introduction
Carbon County covers 7,896 square miles (mi2) and is 

the third largest county in Wyoming. It was the eleventh most 
populated county in Wyoming in the 2000 census with a popu-
lation of 15,639 (U.S. Census Bureau, 2003). Carbon County 
is located in the south-central part of the State (fig. 1).

Ten communities (municipalities) are present in Carbon 
County and about 87 percent of the population lives within 
these 10 communities (Pedersen Planning Consultants, 2005). 
Based on the 2000 Census, only three towns have popula-
tions greater than 500: Rawlins (population 8,538); Saratoga 
(population 1,726); and Hanna (population 873) (U.S. Census 
Bureau, 2003).

The population of Carbon County has fluctuated with 
changes in natural-resource development (oil and gas extrac-
tion and refinement, coal and uranium mining, timber har-
vesting and milling) and agriculture (ranching and farming) 
(Pedersen Planning Consultants, 2005). These industries 
provide many of the jobs in the county, comprising a large part 
of the economy. The largest population fluctuations generally 
have occurred in relation to changes in the energy extraction 
industries (oil and gas development and mining) (Pedersen 
Planning Consultants, 2005). The smallest communities in 
the county generally are more vulnerable to these population 
changes (Pedersen Planning Consultants, 2005).

Abstract
Carbon County is located in the south-central part of 

Wyoming and is the third largest county in the State. A study 
to describe the physical and chemical characteristics of 
surface-water and ground-water resources in Carbon County 
was conducted by the U.S. Geological Survey in cooperation 
with the Wyoming State Engineer’s Office. Evaluations of 
streamflow and stream-water quality were limited to analyses 
of historical data and descriptions of previous investigations. 
Surface-water data were not collected as part of the study. 
Forty-five ground-water-quality samples were collected as part 
of the study and the results from an additional 618 historical 
ground-water-quality samples were reviewed. Available hydro-
geologic characteristics for various aquifers in hydrogeologic 
units throughout the county also are described.

Flow characteristics of streams in Carbon County vary 
substantially depending on regional and local basin char
acteristics and anthropogenic factors. Precipitation in the 
county is variable with high mountainous areas receiving 
several times the annual precipitation of basin lowland areas. 
For this reason, streams with headwaters in mountainous areas 
generally are perennial, whereas most streams in the county 
with headwaters in basin lowland areas are ephemeral, flowing 
only as a result of regional or local rainfall or snowmelt runoff. 
Flow characteristics of most perennial streams are altered 
substantially by diversions and regulation.

Water-quality characteristics of selected streams in 
and near Carbon County during water years 1966 through 
1986 varied. Concentrations of dissolved constituents and 
suspended sediment were smallest at sites on streams with 
headwaters in mountainous areas because of resistant geologic 
units, large diluting streamflows, and increased vegetative 
cover compared to sites on streams with headwaters in basin 
lowlands.

Both water-table and artesian conditions occur in aquifers 
within the county. Shallow ground water is available through-
out the county, although much of it is only marginally suit-
able or is unsuitable for domestic and irrigation uses mainly 
because of high total dissolved solids (TDS) concentrations. 
Suitable ground water for livestock use is available in most 
areas of the county. Ground-water quality tends to deteriorate 
with increasing distance from recharge areas and with increas-
ing depth below land surface. Ground water from depths 
greater than a few thousand feet tends to have TDS concentra-



Figure 1.  Location of Carbon County, Wyoming.
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Although Carbon County’s population decreased 6.1 
percent between 1990 and 2000 (U.S. Census Bureau, 2003), 
the demand for water is expected to increase in the county. 
Extraction of the county’s abundant natural resources com-
monly requires large quantities of water. Major uses of water 
in the extraction industry include water used for drilling 
fluid, secondary recovery of oil, and dust control. Water also 
is produced in mine dewatering. A new industry based on 
the extraction of methane from coal, also known as coalbed 
methane (CBM) extraction, is beginning to be developed in the 
county. CBM extraction requires dewatering of coal deposits 
in order to release methane gas. Abundant coal deposits in the 
county make widespread CBM development a possibility.

Increased water development has the potential to affect 
the quantity and quality of water resources in Carbon County. 

To address this concern, the U.S. Geological Survey (USGS) 
conducted a study in cooperation with the Wyoming State 
Engineer’s Office to describe the water resources of Carbon 
County. Results of this study will aid water-resource managers 
in future development of the county’s water resources.

Purpose and Scope

This report describes the availability and chemical qual-
ity of surface-water and ground-water resources in Carbon 
County. This report is one in a series of reports on the water 
resources of Wyoming counties.

Characteristics of surface-water resources of Carbon 
County described in this report include the flow and quality of 
water in streams. Flow and water-quality data are described for 
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small part of this regional investigation; however, Eschner and 
others (1983) provide a broad context in which to understand 
the water-development issues of the Upper North Platte River 
in Carbon County.

Numerous regional ground-water studies have been 
conducted that included all or parts of Carbon County. 
Selected results from several of the following reports describ-
ing regional ground-water resources are discussed in this 
report. Two of the most comprehensive early regional ground-
water studies completed in the area are the USGS Hydrologic 
Investigations Atlas by Welder and McGreevy (1966), which 
described ground-water occurrence and quality in the Great 
Divide and Washakie Basins, and the USGS Hydrologic 
Investigations Atlas by Lowry and others (1973) that described 
ground-water occurrence and quality in the Laramie, Shirley, 
and Hanna Basins and adjacent areas. Collentine and others 
(1981) described the occurrence and characteristics of ground 
water in the Great Divide and Washakie Basins. Richter (1981) 
described the occurrence and characteristics of ground water 
in the Laramie, Shirley, and Hanna Basins. As part of the 
USGS Coal Hydrology Program, several regional hydrology 
studies (including ground-water resources) were conducted for 
drainage basins that included parts of Carbon County (Kuhn 
and others, 1983; Driver and others, 1984; and Lowham and 
others, 1985). Several ground-water studies have been com-
pleted for the Upper Colorado River Basin (which includes 
the eastern parts of the Great Divide and Washakie Basins in 
western Carbon County) as part of the USGS Regional Aqui-
fer System Analysis (RASA) Program. The RASA Program 
was started in 1977 to provide quantitative regional assess-
ments of ground-water resources. Freethey and others (1988) 
and Freethey and Cordy (1991) described the hydrogeology of 
Mesozoic rocks in the Upper Colorado River Basin. Lindner-
Lunsford and others (1989) described the hydrogeology of 
Paleozoic rocks in the Upper Colorado River Basin. Martin 
(1996) described the hydrogeology of Tertiary rocks in the 
Green River Basin. Naftz (1996) described the hydrogeol-
ogy and geochemistry of selected Tertiary rocks in the Upper 
Colorado River Basin. Glover and others (1998) described the 
hydrogeology of Tertiary rocks in the Upper Colorado River 
Basin. Geldon (2003) described hydrologic properties and 
ground-water flow systems in Paleozoic rocks in the Upper 
Colorado River Basin.

Descriptions of the water chemistry of selected oil-field 
water within Carbon County were presented in several early 
studies. Crawford (1940) discussed oil-field water of Wyo-
ming, including fields within Carbon County. Crawford and 
Davis (1962) discussed oil-field water from Cretaceous forma-
tions in Wyoming, including fields within Carbon County. Oil-
field water in the Laramie and Hanna Basins was discussed in 
Crawford (1953).

Local ground-water investigations also have been com-
pleted for specific areas within Carbon County. Visher (1952) 
discussed the geology and ground-water resources of the 
Pass Creek Flats area. Saulnier (1968) described the ground-
water resources and geomorphology of the Pass Creek Basin 

the purpose of characterizing temporal variability at specific 
sites, as well as the general spatial variability of stream-
flows in the county. Descriptions include statistics of annual, 
monthly, peak, and low flows for selected USGS streamflow-
gaging stations. Water-quality characteristics of streams are 
described by summaries of daily and periodic samples of 
physical properties, dissolved solids, major ions, nutrients, 
suspended sediment, and bacteria collected from selected 
USGS sites. Surface-water data were not collected as part of 
this study; thus, descriptions of streamflow and stream-water 
quality are limited to analyses of historical data collected as 
part of other programs and summaries of analyses in previous 
publications. Because few surface-water data are available 
and because many streams flow into Carbon County from 
surrounding areas, data from sites outside the county were 
included.

Characteristics of ground-water resources in Carbon 
County described in this report include ground-water recharge, 
discharge, water quality, and geologic and hydrogeologic 
characteristics. Ground-water resources are discussed mainly 
in terms of geologic formations. The extent, composition, and 
resources of hydrogeologic units in geologic formations also 
are described in the report. Existing water quality, quantity, 
availability, and hydraulic data were compiled and analyzed 
from numerous sources and results from 618 ground-water 
quality samples were included in the study. In addition, 
45 ground-water quality samples were collected as part of 
this study during 2002 and 2003 to fill gaps in the existing 
data. Comparisons of ground-water quality are made among 
selected geologic formations.

Previous Investigations

There have been many previous investigations related 
to the surface-water resources of Carbon County. Following 
is a brief description of a few of these investigations. One 
of the earliest investigations was an inventory of irrigation 
resources in the Upper North Platte River Basin presented 
by Newell (1893). More recently, Lowry and others (1973) 
presented streamflow characteristics for several streams in 
Carbon County, including flow-duration curves and low-flow 
frequency curves for three gaging stations on the North Platte 
River. Water-quality data for the North Platte and Medicine 
Bow Rivers in Carbon County also are presented in Lowry and 
others (1973). Larson and Zimmerman (1981) described the 
principal stresses that affected water quantity and quality in 
the upper Separation Creek Basin (drainage basin) in the west 
central part of Carbon County. The headwaters of Separation 
Creek are on the Atlantic Rim just south of Separation Peak. 
Separation Creek is mainly ephemeral and generally flows 
north where it eventually terminates in a small lake on Separa-
tion Flats in the northwest part of the county. Eschner and oth-
ers (1983) discussed the hydrologic and morphologic effects 
of water development for agricultural, municipal, and indus-
trial uses in the Platte River Basin. Carbon County was only a 
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area within Albany and Carbon Counties. Harshman (1972) 
examined geology, uranium deposits, and related ground-water 
characteristics in the Shirley Basin area. Borchert (1977) con-
structed a preliminary ground-water flow model for the Sweet-
water River Basin. Freudenthal (1979) presented ground-
water-quality data for the Hanna and Carbon Basins. Larson 
(1984, p. 22-23) summarized dissolved-solids concentrations 
of historical ground-water-quality samples in Carbon County. 
Lenfest (1986) examined ground-water levels in relation to 
irrigation withdrawals in the Saratoga Valley area. Borchert 
(1987) constructed a potentiometric map of the shallow 
ground-water flow system in the Sweetwater River Basin. Lar-
son (1988) presented coal-spoil and ground-water-quality data 
for a coal mine in the Hanna Basin. Crist (1990) described 
the shallow ground-water flow system along the North Platte 
River, including the Saratoga Valley area. Huntoon and 
others (1993) examined the effects of reduced streamflows 
on ground-water recharge and discharge in the Little Snake 
River drainage basin. Johnson and Huntoon (1994) examined 
ground-water movement and permeability characteristics in 
aquifers located in the northern Hanna Basin.

In addition, numerous reports have been produced in rela-
tion to development of water supplies for various communities 
in Carbon County. Selected results of some of these studies are 
discussed later in this report.
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Description of Study Area
Physiography (physical geography), climate, and geol-

ogy are directly related to the availability and quality of water 
resources within Carbon County. Physiography affects the 
movement of both surface water and ground water in the 
county, whereas climate affects the water budget. The complex 
geologic history of the county that has resulted in the accumu-
lation of abundant natural resources such as coal, oil, natural 
gas, uranium, and precious minerals also influences the move-
ment and quality of surface water and ground water.

Physiography

Carbon County is located in the Wyoming Basin Phys-
iographic Province of the Rocky Mountain Region (Raisz, 
1972). The physiography of an area is determined by physical 
features of the landscape such as landforms, topography, soils, 
and water bodies. Topographic features such as mountains and 
basins often coincide with structural uplifts and basins, which 
are formed by faulting and folding of the earth’s crust. In some 
cases, erosion of a structural uplift or filling in of a structural 
basin can subdue or even reverse the topographic expression 
of a structural feature. In Carbon County, structural uplifts and 
basins generally coincide with the topography of the county, 
although the surface expression of the Rawlins Uplift has been 
reduced by erosion, and much of the Shirley Basin is higher in 
altitude than adjacent areas because of erosion of Bates Hole 
to the north and the erosion in the Muddy Creek drainage to 
the south (fig. 2).

Carbon County is topographically dominated by the Med-
icine Bow Mountains and Sierra Madre in the southern part of 
the county; however, the remaining areas of the county have 
substantial local relief because of smaller mountains such as 
the Ferris, Seminoe, and Shirley Mountains, as well as numer-
ous ridges and scarps (fig. 2). The county includes part or all 
of several topographic and structural basins, including all of 
the Saratoga Valley, the Kindt, Hanna, and Shirley Basins as 
well as parts of the Laramie and Great Divide Basins.

The altitude of the highest point in Carbon County is 
11,920 feet (ft) on mountain slopes near Medicine Bow peak, 
which lies just across the county line in Albany County. The 
lowest point in the county is in the underwater channel in 
Pathfinder Reservoir; the surface altitude of the reservoir is 
approximately 5,850 ft. The areas outside the mountain ranges 
are topographically varied, with several landforms commonly 
occurring in Carbon County including sand dunes, both vege-
tated and active; playas (salt flats); ridges formed by sedimen-
tary rock outcrops; river valleys with associated floodplains; 
and land surfaces dissected by erosion, ranging from branch-
ing stream erosion patterns to intensely eroded badlands.

Carbon County watersheds drain in three distinct direc-
tions (fig. 2). The North Platte River is the largest stream 
in Carbon County, carrying more water and having a larger 
watershed than any other stream in the county. The Medicine 
Bow River, a tributary of the North Platte River, forms the 
second largest stream by discharge and by watershed size. The 
Continental Divide crosses Carbon County along the crest of 
the Sierra Madre, and splits north of the Sierra Madre to form 
the Great Divide Basin. The Washakie Basin and the part of 
the Sierra Madre west of the divide drain into the Little Snake 
River and eventually to the Colorado River. The Great Divide 
Basin has no external drainage; the single perennial stream 
within the basin is the upper part of Separation Creek, which 
flows from its headwaters along the Atlantic Rim in west-
central Carbon County (Bureau of Land Management, 2002, 
p. 34).
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Figure 3.  General climate classifications for Carbon County 
(modified from Martner, 1986).

Climate and Vegetation

The climate of Carbon County has been broadly classi-
fied by Martner (1986) (fig. 3). Most of the county is classi-
fied as steppe with smaller areas classified as desert, alpine, 
and alpine tundra. This report follows Martner’s terminology 
for the use of the terms “alpine” and “alpine tundra”; how-
ever, in most vegetation glossaries, Martner’s “alpine” would 
correspond to “subalpine”, and Martner’s “alpine tundra” 
would correspond to “alpine”. In the central and western parts 
of the county, areas identified as steppe generally are domi-
nated by one of two subspecies of big sagebrush, Wyoming 
big sagebrush (Artemisia tridentata ssp. wyomingensis) or 
Mountain big sagebrush (Artemisia tridentata ssp. vaseyana), 
although in the northeastern part of the county areas classi-
fied as steppe support mixed-grass prairie (Merrill and others, 
1996). Small amounts of land classified as desert occur in the 
county, corresponding roughly to the area of the Great Divide 
Basin. Areas identified as desert generally receive less than 
10 inches (in.) of precipitation annually (Martner, 1986, p. 6) 
and are characterized by dryland vegetation such as saltbush, 
greasewood, and desert shrub. The predominance of sagebrush 
and desert shrub vegetation is due to low summer precipitation 
and low annual precipitation. Driese and others (1997) report a 
shift from grassland to shrub-dominated communities such as 
Wyoming big sagebrush as summer (May-October) precipi-
tation decreases to less than 11.1 in. For the large areas of 
rangeland in the county, climatic conditions alternate annually 
between cold winter temperatures, which prevent substantial 
plant growth, and summer water deficits (fig. 4). The alpine 
tundra occurs in high parts of the Medicine Bow Mountains 
above the treeline and is characterized by cold temperatures, a 
short growing season, and often strong winds. Alpine areas are 
dominated by coniferous forests, in particular lodgepole pine 
forests (Pinus contorta), which occur in the Ferris, Seminoe, 
and Shirley Mountains and cover large expanses of the Sierra 
Madre and Medicine Bow Mountains. Smaller amounts of 
spruce and fir forest occur in alpine areas of the Sierra Madre 
and Medicine Bow Mountains, as well as aspen forests, which 
cover large areas of the west slope of the Sierra Madre and 
occur in smaller patches elsewhere. These alpine areas are 
the only areas in the county that receive enough precipitation 
to support closed-canopy forests, although in river valleys 
and along streams, shallow ground water and streamflow can 
support closed-canopy riparian forests, often called gallery 
forests. Except for streamsides and mountains, most of Carbon 
County is treeless, although scattered trees form woodlands on 
ridges in several areas.

The Rawlins weather station has an annual mean 106-day 
frost-free period, 1951-2004, and monthly station records of 
precipitation and temperature over the period of record (1951-
2004) indicate water stress through much of the frost-free 
period when the mean daily maximum temperature is greater 
than the mean monthly precipitation (fig. 4). Mean annual pre-
cipitation in the county ranges from about 7.3 in. in the south-
ern parts of the Great Divide Basin to about 56 in. in the Sierra 

Madre (fig. 5). Mean annual precipitation data came from a 
gridded geodataset in which precipitation was estimated using 
spatial regression methods that incorporated precipitation data 
from traditional weather stations and high-altitude meteorolog-
ical sites (Daly and others, 1994). The weather station record-
ing the highest average precipitation in the county is the Old 
Battle station in the Sierra Madre, which is part of the Natural 
Resources Conservation Service SNOwpack TELemetry 
(SNOTEL) network (Natural Resources Conservation Service, 
2005). The 30-year (1971-2000) mean annual precipitation for 
the Old Battle station was 51.51 in. Precipitation also varies 
temporally in the county (fig. 6). At the Rawlins Airport sta-
tion, the lowest annual precipitation recorded was 4.90 in. in 
1954, whereas the highest annual precipitation was 12.63 in. in 
1998, and the mean annual precipitation based on the 51 years 
of complete data was 9.19 in.

Geologic Setting

As described previously in the Physiography section, 
Carbon County is dominated by six geologic structural basins 
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Figure 4.  Modified Walter-Lieth diagram showing monthly means of precipitation and mean daily minimum, maximum, and mean 
temperatures for Rawlins (National Weather Service Station No. 487533) for 1951-2004. The temperature and precipitation axes are 
scaled to show periods of water stress when the mean daily maximum temperature line falls above the mean monthly precipitation 
line (blue) during the frost-free period (Walter and Leith, 1967). The mean days of last spring frost and first autumn frost are shown as 
black circles, with light blue background marking the mean 106-day frost-free period for 1951-2004. Data from Western Regional Climate 
Center, 2005a.
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(Hanna, Great Divide, Washakie, Kindt, Laramie, and Shirley 
Basins) and by five major uplifts (Rawlins Uplift, Sweetwater 
Arch (including the Ferris and Seminoe Mountains), Shirley-
Freezeout Mountains, Medicine Bow Mountains, and Sierra 
Madre) (fig. 2). The structural configuration on top of base-
ment rocks of Precambrian age is shown in figure 7. Depres-
sions that constitute the basins in the county are clearly visible 
on this map, as are the uplifts. Stratigraphic nomenclature 
charts for the major structural features are shown in figures 8, 
9, and 10.

All of the Hanna Basin lies within Carbon County, and 
is separated from the Laramie Basin by the Carbon Basin 
(fig. 2). According to Blackstone (1993a), the top of the Pre-

cambrian rocks in the deepest part of the Hanna Basin is about 
30,000 ft below National Geodetic Vertical Datum of 1929 
(NGVD 29). Based on Precambrian structure contours (fig. 7) 
and the present altitude of the land surface in the basin, the 
thickest sequence of sedimentary rocks in the Hanna Basin is 
estimated to be about 35,000 ft.

Most of the Great Divide Basin lies within Sweetwater 
County, with a sliver of its eastern edge occurring in Carbon 
County. It is separated from the Washakie Basin by the Wam-
sutter Arch and from the Hanna Basin by the Rawlins Uplift 
(fig. 2). According to Blackstone (1993a), the top of the Pre-
cambrian rocks in the deepest part of the Great Divide Basin 
within Sweetwater County is about 20,000 ft below NGVD 29, 
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Figure 5.  Mean annual precipitation, 1961-1990, and location of selected weather stations, Carbon County, Wyoming. Mean 
annual precipitation for Carbon County was estimated using spatial regression methods that incorporated precipitation data 
from traditional weather stations and high-altitude meteorological sites (Daly and others, 1994).
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Figure 6.  Annual precipitation for Rawlins, Wyoming (modified from Western Regional Climate Center, 2005b).
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which is just across the county line in the southeastern part of 
the basin. Using the Precambrian structure contours (fig. 7) 
and the present altitude of the land surface in the basin, the 
thickest sequence of sedimentary rocks in the Great Divide 
Basin is estimated to be about 27,000 ft.

The Washakie Basin also lies mostly within Sweetwater 
County, with a small part of the basin occurring in southwest-
ern Carbon County. As stated above, the Wamsutter Arch 
separates the Washakie Basin from the Great Divide Basin. 
According to Blackstone (1993a), the top of the Precambrian 
rocks in the Washakie Basin is not as deep as in the Great 
Divide Basin. Using Precambrian structure contours (fig. 7) 
and the present altitude of the land surface in the basin, the 
thickest sequence of sedimentary rocks in the Washakie Basin 
is estimated to be about 22,000 ft, which is just across the 
county line in the central part of the basin.

All of Kindt Basin lies within Carbon County, and is 
separated from the Hanna Basin by the Rawlins Uplift and the 
Haystack Hills (fig. 2). The Kindt Basin is small and no longer 
has a Tertiary fill. The youngest bedrock formation exposed is 
the Upper Cretaceous-age Lewis Shale. According to Black-
stone (1993a), the top of the Precambrian rocks in the deepest 

part of the Kindt Basin is about 5,000 ft below NGVD 29. 
Using the Precambrian structure contours in figure 7 and the 
present altitude of the land surface in the basin, the thickest 
sequence of sedimentary rocks in the Kindt Basin is estimated 
to be about 11,500 ft.

Part of the Laramie Basin (Cooper Lake Basin of Black-
stone, 1993b) lies within Carbon County. It is separated from 
the Hanna Basin by the Carbon Basin and from the Shirley 
Basin by a series of anticlines (see Como Bluff, Flat Top, and 
Freezeout Mountains area on fig. 2). According to Blackstone 
(1993a), the top of the Precambrian rocks in the deepest part 
of the Laramie Basin within the county is about 2,000 ft below 
NGVD 29. Using the Precambrian structure contours in fig-
ure 7 and the present altitude of the land surface in the basin, 
the thickest sequence of sedimentary rocks in the Laramie 
Basin is estimated to be about 9,500 ft.

Most of the Shirley Basin lies within Carbon County. It 
is separated from the Laramie Basin by a series of anticlines 
(see Como Bluff, Flat Top, and Freezeout Mountains area on 
fig. 2). According to Blackstone (1993a), the top of the  
Precambrian rocks in the deepest part of the Shirley Basin 
within the county is about mean sea level (NGVD 29 in this 
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Figure 7.  Structural configuration of the Precambrian-basement rock in Carbon County, Wyoming (modified from Blackstone, 1989).
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report). Using the Precambrian structure contours in figure 7 
and the present altitude of the land surface in the basin, the 
thickest sequence of sedimentary rocks is estimated to be 
about 7,200 ft.

The Rawlins Uplift is a north-south trending thrust-
faulted anticline (Berry, 1960) (fig. 2). The uplift is somewhat 
asymmetric, with the western flank (thrust fault side) steeper 
than the eastern flank. The core of the uplift has been eroded 
to Precambrian basement rocks (fig. 7).

The Sweetwater Arch or Uplift is an east-west trending 
anticline that extends eastward for about 75 miles (mi) from 
the southern end of the Wind River Range (Keefer and Van 
Lieu, 1966). The core of the uplift, the Granite Mountains, has 
eroded to Precambrian basement rocks and subsequently has 
dropped 2,000 ft by normal faulting due to crustal extension 
(Blackstone, 1991). The southern boundary of the Sweetwater 
Arch is marked by the Ferris, Seminoe, and Shirley Mountains 
where they have been thrust southward over rocks of Creta-
ceous age and some lower Tertiary rocks of the Hanna Basin 
(Love, 1963). The cores of the uplifts have been eroded to 
Precambrian basement rocks (figs. 2 and 7).

The Medicine Bow Mountains consist of a large north-
south trending asymmetrical anticline bounded on the east by 
westward dipping thrust faults (Houston and others, 1968). 
The northern part of the mountains is split into two anticlinal 
arms that are separated by a synclinal valley (Houston and 
others, 1968). The Sierra Madre is a large northwest-southeast 
trending anticline separated from the Medicine Bow Moun-
tains by the Saratoga Valley. The cores of the uplifts have 
been eroded to Precambrian basement rocks (figs. 2 and 7). 
The Precambrian rocks are divided by the southwest-northeast 
trending Cheyenne Belt (formerly Mullen Creek-Nash Fork 
shear zone), with older Precambrian (Archean) rocks north of 
the belt and younger Precambrian (Proterozoic) rocks south of 
the belt (Houston and others, 1968; Snoke, 1993).

The Precambrian history of Wyoming is poorly under-
stood. According to Hoffman (1988), the Wyoming province is 
one of seven Archean provinces that presently form the North 
American craton. The Medicine Bow Mountains and Sierra 
Madre expose the suture zone where the Early Proterozoic 
Colorado Province was accreted to where the rifted Archean 
Wyoming craton had been covered by passive margin depos-
its in the Early Proterozoic Era (Snoke, 1993). During the 
Middle Proterozoic Era, Wyoming was marked by widespread 
magmatism, but its cause is unknown (Snoke, 1993, p. 11). 
Precambrian rocks are exposed in all of the major uplifts of 
Carbon County.

The Precambrian basement rocks in Wyoming had low 
relief during the early to middle Paleozoic Era, allowing a thin 
accumulation of sedimentary rocks (Snoke, 1993, p. 13). Dur-
ing the late Paleozoic Era, southeastern Wyoming was affected 
by the uplift of the ancestral Rocky Mountains, specifically the 
Pathfinder Uplift and the ancestral Front Range (Snoke, 1993, 
p. 15). The Pathfinder Uplift is defined by the lack of deposi-
tion of the Mississippian- and Pennsylvanian-age Amsden 
Formation (Mallory, 1963). The Precambrian cores of both the 

southern Pathfinder Uplift and the ancestral Front Range were 
exposed (Mallory, 1963). Paleozoic sediment in the county 
was deposited mainly in shallow seas on a stable Wyoming 
shelf; however, in the late Paleozoic Era, there was enough 
relief in the southeastern part of the county from the ancestral 
Rocky Mountains for formation of arkosic deposits (Mal-
lory, 1967). Changes in sea level or tectonic activity periodi-
cally left some areas above sea level, resulting in erosion and 
unconformities.

As during the Paleozoic Era, marine sediment was 
deposited in shallow seas between periods of land emergence 
during much of the Mesozoic Era in Wyoming. The stable 
depositional and structural conditions during the Paleozoic Era 
apparently continued during the Mesozoic Era until the Late 
Cretaceous Period (Krueger, 1960, p. 199). During the Triassic 
Period, land emergence again resulted largely in erosion and 
unconformities. Periodic emergence of the land during the 
Jurassic Period resulted in the deposition of the non-marine 
Nugget Sandstone and Morrison Formation (Snoke, 1993, 
p. 16-17). In Wyoming, the Cretaceous Period was dominated 
by an epicontinental sea. Erosion of highlands to the west 
of the sea resulted in thick accumulations of sediment in the 
marine basin. These deposits are major sources of oil, gas, and 
coal in the Rocky Mountain region (Snoke, 1993, p. 17). In 
Wyoming, the Late Cretaceous Period was marked by tectonic 
activity. The Sevier orogeny created a fold and thrust belt in 
the western part of the State, while the Laramide orogeny 
deformed much of the rest of Wyoming. In Carbon County, 
most basins (Hanna, Laramie, Shirley, Great Divide, and 
Washakie Basins), uplifts (Rawlins and Sweetwater Uplifts) 
and mountain ranges (Medicine Bow Mountains and Sierra 
Madre) were formed during the Laramide orogeny (Snoke, 
1993).

The most notable development during the Tertiary Period 
in southwestern Wyoming was the formation of Lake Gosiute 
during the middle Eocene Epoch. The maximum extent of 
the lake covered nearly all of Sweetwater County (Bradley, 
1964, p. A36). Lacustrine sediment deposited in the lake 
formed what now is known as the Green River Formation. 
The lake formed in an intermontane basin that continued to 
subside throughout much of the middle Eocene Epoch. Dur-
ing the period of Lake Gosiute, fluvial sediment accumulated 
around the lake margin in a belt that narrowed when the lake 
expanded and widened when the lake contracted (Bradley, 
1964, p. A18). This continual shift of the shoreline resulted in 
a complicated intertonguing of lacustrine sediment belonging 
to the Green River Formation and fluvial sediment belong-
ing to the Wasatch and Bridger Formations. Formation of 
Lake Gosiute may have been caused by a reversal of drainage 
when east-flowing streams of the Paleocene and early Eocene 
Epochs changed direction in response to westward tilting of 
the Wyoming foreland (Love and others, 1963). Lake Gosiute 
was infilled with sediment during the middle Eocene Epoch 
(Hansen, 1986, p. 24).

In the late Eocene and early Oligocene Epochs, fluvial 
sediment and tephra were deposited in the region, marking the 
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end of intensive erosion that affected most of Wyoming late 
in the Eocene (Snoke, 1993, p. 34-35). A broad aggradational 
plain was formed that stretched across the Rocky Mountains 
and onto the Great Plains, filling the basins and in some 
cases completely burying the mountains (Snoke, 1993, p. 36). 
Regional uplift occurred in two pulses between the late Oli-
gocene and late Pleistocene Epochs (Flanagan and Montagne, 
1993, p. 600). In the late Miocene Epoch, large river systems 
began to develop and erode older sediment from Wyoming 
basins (Flanagan and Montagne, 1993, p. 597). This develop-
ment initiated a degradational regime in Wyoming that contin-
ues to the present, and was the beginning of modern drainage 
systems throughout the State (Flanagan and Montagne, 1993, 
p. 597).

A unique feature of many of Wyoming’s mountain ranges 
is a high-level erosion surface, such as the Libby Flats surface 
of the Medicine Bow Mountains. The age of these surfaces 
is unknown; they may be late Eocene or late Tertiary (Snoke, 
1993, p. 38-39).

Glaciers during the Pleistocene Epoch occurred on the 
high-level erosional surfaces of the Medicine Bow Mountains 
and in some of the valleys of the Sierra Madre. Glaciation in 
the Medicine Bow Mountains in Wyoming extended from the 
high peaks of the Snowy Range, across the flats of the erosion 
surface, and down the valleys of Libby, Brush, French, Pass, 
and Rock Creeks, and the Medicine Bow River (Atwood, 
1937; Ray, 1940; Mears, 1953, 2001) (not all shown in fig. 2). 
The Sierra Madre had valley glaciers around the summit 
upland near Bridger Peak in the drainages of Cow, Battle, 

Haggerty, Jack, North and South Spring, Smith, and East 
Fork and West Fork of Hasking Creeks (Mears, 2001) (not all 
shown in fig. 2). In the southern Sierra Madre, Hog Park has 
some glacial deposits that originated in the higher peaks of the 
Park Range in Colorado (Mears, 2001). The higher altitudes 
have many features indicative of intensive frost action, such as 
felsenmeer (or block fields with jumbles of large angular frost-
shattered rock) and patterned ground (or stone nets that exhibit 
a polygonal appearance from a border of stones surrounding 
a finer material). Mears (2001) reported that patterned ground 
is only from the colder Pleistocene Epoch, whereas the block 
fields are still somewhat active at the present time.

During the Quaternary Period, headward erosion by 
streams continued in the county. Sediment was eroded from 
basin and uplift areas and conveyed, through fluvial transport, 
to the Gulfs of California and Mexico. Headward erosion 
continues today, but the sediment is trapped in man-made 
reservoirs.

Quaternary sand dunes are found in parts of Carbon 
County (Love and Christiansen, 1985). Some of these dune 
fields have been intermittently active for at least the last 
10,000 years and provide a record of climatic fluctuations 
associated with the stades and interstades of glaciation (Gay-
lord, 1982, 1989). Pleistocene playa lake and other lacustrine 
deposits in the county occur north of Rawlins (Case and 
others, 1998). A geology map of Carbon County and a sepa-
rate shaded relief map overlaid with geology and structural 
features are combined and shown in figure 2.
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Surface Water
The North Platte River and Pathfinder and Seminoe 

Reservoirs are the dominant perennial surface-water features 
in Carbon County (figs. 1, 2, and 11). The North Platte River 
flows into the southeast corner of the county from its headwa-
ters in the mountains of northern Colorado. The river flows out 
the northern edge of the county through Pathfinder Reservoir. 
It continues through Natrona, Converse, Platte, and Goshen 
Counties before flowing into Nebraska (fig. 1). It is eventually 
joined by the South Platte River near the city of North Platte, 
Nebraska (not shown on a figure). At the confluence, the two 
rivers combine to form the Platte River, a major tributary to 
the Missouri River. The river has had an important part in the 
settlement and development of Carbon County and the State of 
Wyoming. In the early part of the 19th century, fur traders in 
search of beaver were attracted to the North Platte Valley. By 
the end of the 19th century, ranchers and farmers had moved 
into the area to utilize water from the North Platte River for 
livestock and crops. The river remains an important surface-
water resource for the region today, providing water for irri
gation, industry, municipal, and hydroelectric uses.

The largest use of water from the North Platte River is 
for irrigation. Irrigation along the North Platte probably began 
with crude ditches used to irrigate irregular patches of land on 
the flood plain (Eschner and others, 1983, p. A2). By 1889, 
extensive development of the North Platte had taken place and 
by 1901, summer flows in the upper North Platte and its tribu-
taries had been overappropriated (Eschner and others, 1983, 
p. A7). To help mitigate this problem, reclamation projects 
were constructed over the next several decades. The two most 
notable of these affecting Carbon County are the North Platte 
and Kendrick Reclamation Projects.

Pathfinder Dam was constructed between 1905 and 
1909 as part of the North Platte Reclamation Project. The 
dam is located in Natrona County, but much of the reservoir 
that formed behind the dam lies in Carbon County (figs. 2 
and 11). The water stored in Pathfinder Reservoir is used to 
help irrigate about 226,000 acres in an 111-mile stretch along 
the North Platte River from Guernsey, Wyoming (fig. 1), to 
Bridgeport, Nebraska (not shown on a figure) (Bureau of Rec-
lamation, 2005a). Seminoe Dam was constructed in the north-
central part of the county between 1936 and 1939 (fig. 2) as 
part of the Kendrick Reclamation Project. Water stored in 
Seminoe Reservoir is used to help irrigate about 24,000 acres 
west of Casper, Wyoming (Bureau of Reclamation, 2005b). 
Seminoe Dam also has a powerplant capable of producing 
45,000 kilowatts of power. Between 1946 and 1951, Kortes 
Dam was constructed between Seminoe and Pathfinder Reser-
voirs to generate power from water flowing between the two 
reservoirs (fig. 2). The powerplant at Kortes Dam is capable 
of producing 36,000 kilowatts of power (Bureau of Reclama-
tion, 2005c). Although development of water resources from 
the North Platte River and its tributaries has helped to make 
the region productive economically, it also has substantially 

changed streamflow characteristics causing a deterioration of 
riverine habitat (Eschner and others, 1983, p. A34-A35).

Flow characteristics of streams in Carbon County vary 
and are influenced by the diverse physiography and climate 
of south central Wyoming, as well as anthropogenic factors. 
Moderate to large flows in major perennial streams are a result 
of runoff from snowmelt in mountainous areas in the southern 
part of the county and mountainous areas of northern Colo-
rado. Reservoirs and diversions substantially alter flow char-
acteristics of most of the major perennial streams. Low flow, 
where present, in most streams is the result of ground-water 
discharge, irrigation return flow, and reservoir releases. Water-
quality characteristics of streams in the county also vary as a 
result of streamflow, geologic, and land-cover characteristics. 
Anthropogenic factors also influence water-quality character-
istics to varying degrees.

Streamflow

Stream types in Carbon County include perennial, 
ephemeral, and intermittent. Major perennial streams either 
have headwaters in the Sierra Madre or Medicine Bow Moun-
tains in the southern part of the county or flow into the county 
from mountainous areas in northern Colorado. The North 
Platte River is an example of a perennial stream in the county 
(figs. 1, 2, and 11). Many of the smaller streams in the county 
that have headwaters in lowland areas are ephemeral, and flow 
only as a result of local snowmelt and rainfall runoff. Stream-
flows in intermittent streams vary depending on reach char-
acteristics. Snowmelt runoff, ground-water inflows, and(or) 
springs maintain streamflows throughout most years in some 
perennial reaches, whereas ephemeral reaches exist where 
streamflows are less than the losses to seepage, evaporation, 
and(or) diversions.

Streamflow data from selected sites and periods are 
summarized to describe annual, monthly, low, and peak-flow 
characteristics and flow duration of streams in and near Car-
bon County (table 1, appendixes 1-4). Sites with 10 or more 
complete water years (water years begin on October 1 and end 
on September 30 of the following year) of data were used to 
describe flow characteristics. The complete period of record 
was used for each site unless specified otherwise.

Streamflow data, statistics, and analyses described in this 
report should be considered in the context of the lengths of the 
streamflow records prior to using this information for plan-
ning purposes. The longest annual streamflow record included 
in this report is 88 years (site 1); the average record length is 
45 years (median is 46 years; records shorter than 10 years 
were not used in this report). Streamflows in some basins may 
include periods of substantially wetter or drier conditions; 
as such, statistics and analyses of those data might not be 
considered representative of long-term conditions. In addition, 
streamflows in most basins have been altered as a result of 
diversions and impoundments. The first irrigation ditches were 
constructed in the Upper North Platte River Basin more than 
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Figure 11.  Location of hydrologic regions and active (2004) and discontinued streamflow-gaging stations, active (2004) and 
discontinued surface-water-quality stations, and peak-flow-gaging stations in and around Carbon County, Wyoming. Station 
information provided in Table 1.
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100 years prior to the most recent data included in this report. 
Thus, representative conditions often are difficult to determine 
with existing data. Additional research in streamflow record 
reconstruction is needed to enable water users and planners to 
better interpret recent streamflow data.

Additional streamflow information is available from the 
USGS. Methods for streamflow data collection are described 

by Rantz and others (1982). Streamflow data used in this 
report for computing streamflow statistics can be retrieved 
from the World Wide Web (internet) at http://waterdata.usgs.
gov/nwis/. USGS computer programs and supporting docu-
mentation used to compute streamflow statistics also can be 
retrieved from the internet at http://water.usgs.gov/software/.

Table 1.  Characteristics of selected streamflow, peak-flow, and water-quality sites in and near Carbon County, Wyoming.

[NGVD 29, National Geodetic Vertical Datum of 1929; --, not determined]

Site 
number  
(fig. 11)

Station 
number Station name

Latitude, in 
degrees-
minutes-
seconds

Longitude, 
in degrees-

minutes-
seconds

Gage 
altitude, in 
feet above 
NGVD 29

Hydrologic 
unit code

Drainage 
area, in 
square 
miles

1 06620000 N PLATTE R NR NORTHGATE CO 405615 1062016 7,810.39 10180001 1,431

2 06620400 DOUGLAS CR AB KEYSTONE WY 411100 1061610 9,280 10180002 22.1

3 06621000 DOUGLAS CR NR FOXPARK WY 410452 1061825 8,200 10180002 120

4 06622500 FRENCH CR NR FRENCH WY 411230 1063100 7,500 10180002 59.6

5 06622700 N BRUSH CR NR SARATOGA WY 412213 1063112 8,020 10180002 37.4

6 06622900 S BRUSH CR NR SARATOGA WY 412038 1063133 8,100 10180002 22.8

7 06623800 ENCAMPMENT R AB HOG PARK CR 
NR ENCAMPMENT WY

410125 1064927 8,270 10180002 72.7

8 06624500 ENCAMPMENT R AT ENCAMP-
MENT WY

411250 1064640 7,141.53 10180002 211

9 06625000 ENCAMPMENT R AT MOUTH NR 
ENCAMPMENT WY

411812 1064253 6,970 10180002 265

10 06627000 N PLATTE R AT SARATOGA WY 412718 1064816 6,772.69 10180002 2,840

11 06628800 SAGE CR NR SARATOGA WY 413453 1065917 6,650 10180002 263

12 06628900 PASS CR NR ELK MOUNTAIN WY 413510 1063637 7,230 10180002 91.5

13 06629150 COAL BANK DRAW TRIB NR WAL-
COTT WY

414405 1064318 7,100 10180002 3.65

14 06629200 COAL BANK DRAW TRIB NO 2 NR 
WALCOTT WY

414419 1064336 7,140 10180002 2.41

15 06629700 ST MARY CR TRIB NR SINCLAIR 
WY

414433 1065157 -- 10180002 0.46

16 06629800 COAL CR NR RAWLINS WY 414544 1071607 7,400 10180002 7.32

17 06630000 N PLATTE R AB SEMINOE RES NR 
SINCLAIR WY

415220 1070325 6,400.75 10180002 4,175

18 06630200 BIG DITCH TRIB NR HANNA WY 415145 1063135 7,030 10180003 7.42

19 06630800 BEAR CR NR ELK MOUNTAIN WY 413911 1062041 7,800 10180004 8.93

20 06631100 WAGONHOUND CR NR ELK MOUN-
TAIN WY

413824 1061817 8,500 10180004 25.6

21 06631150 THIRD SAND CR NR MEDICINE 
BOW WY

414500 1061900 7,200 10180004 10.8

22 06632400 ROCK CR AB KING CANYON CA-
NAL NR ARLINGTON WY

413507 1061320 7,790 10180004 62.9

23 06632500 ROCK CR AT ARLINGTON WY 413512 1061316 7,780 10180004 64.5

24 06632600 THREEMILE CR NR ARLINGTON 
WY

413318 1061019 8,980 10180004 6.31

25 06632700 ONEMILE CR NR ARLINGTON WY 413508 1061126 8,660 10180004 3.59

26 06634200 SHEEP CR NR MARSHALL WY 421648 1055306 8,000 10180005 61
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Site 
number  
(fig. 11)

Station 
number Station name

Latitude, in 
degrees-
minutes-
seconds

Longitude, 
in degrees-

minutes-
seconds

Gage 
altitude, in 
feet above 
NGVD 29

Hydrologic 
unit code

Drainage 
area, in 
square 
miles

27 06634300 SHEEP CR NR MEDICINE BOW WY 420748 1060019 7,500 10180005 174

28 06634600 LITTLE MEDICINE BOW R NR 
MEDICINE BOW WY

415712 1060938 6,600 10180005 963

29 06634620 LITTLE MEDICINE BOW R AT 
BOLES SPRING NR MEDICINE 
BOW WY

415740 1061231 6,570 10180005 969

30 06634910 MEDICINE BOW R TRIB NR HANNA 
WY

420032 1062932 6,800 10180004 3.01

31 06634990 HANNA DRAW NR HANNA WY 420022 1063030 -- 10180004 21.6

32 06635000 MEDICINE BOW R AB SEMINOE 
RES NR HANNA WY

420035 1063045 6,415.4 10180004 2,338

33 06636000 N PLATTE R AB PATHFINDER RES 
WY

421042 1065233 5,929.51 10180003 7,241

34 06636500 SAGE CR AB PATHFINDER RES WY 421450 1065300 5,870 10180003 190

35 06638350 COAL CR NR MUDDY GAP WY 422023 1072802 6,810 10180006 6.08

36 06639000 SWEETWATER R NR ALCOVA WY 422924 1070800 5,920 10180006 2327

37 06641000 N PLATTE R BEL PATHFINDER RES 
WY

422754 1065047 5,670 10180003 14,661

38 06641400 BEAR SPRINGS CR NR ALCOVA WY 423157 1064156 6,430 10180007 9.33

39 06642000 N PLATTE R AT ALCOVA WY 423427 1064131 5,299.4 10180007 10,812

40 06642700 LAWN CR NR ALCOVA WY 422921 1062728 6,870 10180007 11.5

41 06642730 STINKING CR TRIB NR ALCOVA 
WY

423147 1062738 6,170 10180007 1.34

42 06642760 STINKING CR NR ALCOVA WY 423231 1062732 6,800 10180007 117

43 06661000 LITTLE LARAMIE R NR FILMORE 
WY

411742 1060203 7,600 10180010 157

44 06661580 SEVENMILE CR NR CENTENNIAL 
WY

412729 1060036 8,790 10180010 11.2

45 09216527 SEPARATION CR NR RINER WY 413938 1073328 -- 14040200 53.3

46 09216537 DELANEY DRAW NR RED DESERT 
WY

413822 1080743 7,040 14040200 32.8

47 09251800 N FK LITTLE SNAKE R NR EN-
CAMPMENT WY

410233 1065726 8,250 14050003 9.64

48 09253000 LITTLE SNAKE R NR SLATER CO 405958 1070834 6,831 14050003 285

49 09253400 BATTLE CR NR ENCAMPMENT WY 410756 1070409 8,375 14050003 13

50 09254500 SLATER FORK AT BAXTER RANCH 
NR SLATER CO

405322 1071948 7,070 14050003 80

51 09255000 SLATER FORK NR SLATER CO 405857 1072256 6,600 14050003 161

52 09255500 SAVERY CR AT UPPER STATION NR 
SAVERY WY

411305 1072218 7,000 14050003 200

53 09256000 SAVERY CR NR SAVERY WY 410552 1072255 6,680 14050003 330

54 09257000 LITTLE SNAKE R NR DIXON WY 410142 1073255 6,331.22 14050003 988

55 09258000 WILLOW CR NR DIXON WY 405456 1073116 6,700 10180001 24

56 09258200 DRY COW CR NR BAGGS WY 412024 1074014 6,530 14050004 49.7

57 09258900 MUDDY CR AB BAGGS WY 410755 1073845 6,320 14050004 1,178

58 09259050 LITTLE SNAKE R BEL BAGGS WY 410143 1074114 -- 14050003 --

Table 1.  Characteristics of selected streamflow, peak-flow, and water-quality sites in and near Carbon County, Wyoming.—Continued
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Annual and Monthly Flows
Annual and monthly statistics of streamflow data are 

useful in describing the distribution and timing of flows in 
streams. Annual and monthly streamflow statistics were 
determined from daily streamflow data for selected stations in 
and near Carbon County with more than 10 years of stream-
flow record (appendix 1). Daily mean streamflow data for the 
period of record through water year 2003 were retrieved for 
complete months for selected stations from the USGS National 
Water Information System (NWIS) database. Statistics were 
calculated for each month. Annual statistics were calculated 
using complete water years only. For site 9 (Encampment 
River at mouth near Encampment, Wyoming), annual and 
monthly flow statistics were determined for the periods before 
and after an upstream diversion structure was emplaced.

Mean annual flows for the periods of record at selected 
sites in and near Carbon County varied, ranging from 
10.3 cubic feet per second (ft3/s) at site 55 on Willow Creek 
to 1,624 ft3/s at site 33 on the North Platte River (appendix 1). 
Mean monthly flows for the periods of record at selected sites 
in and near Carbon County varied, ranging from 1.34 ft3/s 
for January at site 28 to 6,596 ft3/s for June at site 33 (appen-
dix 1). For most streams in the region, the smallest flows gen-
erally were observed during the fall and early winter months 
and represent base flow from ground-water discharge. Mean 
runoff during individual fall or early winter months represents 
less than 1 percent of the mean annual runoff in many streams 
in the region (appendix 1). Because of low temperatures dur-
ing these months, precipitation generally occurs as snow, and 
substantial surface-runoff events are infrequent. There are 
many ephemeral streams in Carbon County although none are 
listed in appendix 1. Extended periods of no flow are com-
mon for ephemeral streams in the region. For most streams 
in the region, the largest flows generally are observed during 
the spring and early summer months as a result of runoff from 
melting low-altitude and mountain snowpacks. Mean runoff 
during individual spring or early summer months represents 
more than 40 percent of the mean annual runoff for some 
streams in the region (appendix 1).

Mean monthly flows often are affected by reservoir stor-
age in stream reaches with upstream reservoirs. A comparison 
of mean monthly flows from site 33 (North Platte River above 
Pathfinder Reservoir) and site 36 (Sweetwater River near 
Alcova, Wyoming) with those of site 37 (North Platte River 
below Pathfinder Reservoir) provides an example. Sites 33 
and 36 represent major inflows into Pathfinder Reservoir, and 
site 37 represents streamflow out of the reservoir. The three 
sites were in simultaneous operation for a 10-year period 
between 1914 and 1924. During this period, the combined 
mean monthly inflow to Pathfinder Reservoir from sites 33 
and 36 for April was 2,878 ft3/s, whereas the mean monthly 
flow at site 37 (below the reservoir) for April was 722 ft3/s. 
Conversely, the combined mean monthly inflow to Pathfinder 
Reservoir from sites 33 and 36 for August was 756 ft3/s, 
whereas the mean monthly flow at site 37 (below the reser-

voir) for August was 4,131 ft3/s. This is a qualitative compari-
son and ignores streamflow gains between the sites, such as 
ground-water discharge and overland runoff from rain storms 
or snowmelt. It also ignores losses between sites, such as seep-
age and evaporation. However, these gains and losses are prob-
ably minor when compared to the mean monthly streamflows 
measured at the sites.

Peak Flows
Peak-flow characteristics of streams are used by engi-

neers and other professionals in various water-resources 
investigations including flood studies, bridge design, and 
reservoir operations. Peak-flow characteristics at any given 
site generally are based on annual peak flows. Annual peak 
flow is the maximum instantaneous discharge measured at a 
site during the water year. For a series of annual peak flows at 
a site, a statistical relation can be defined describing the mean 
annual probability of those flows being equaled or exceeded. 
Expressed in percentages, a peak flow with an exceedance 
probability of 0.01, for example, has a 1 percent chance on 
average of being equaled or exceeded in any given year. The 
reciprocal of the exceedance probability is the recurrence 
interval (expressed in years); for example, a peak flow with an 
exceedance probability of 1 percent has a recurrence interval 
of 100 years.

Annual peak flows for most streams in Carbon County 
generally are the result of runoff from regional-scale rainfall 
and snowmelt. Peak-flow characteristics were determined by 
Miller (2003) for 42 streamflow-gaging stations in Carbon 
County and the surrounding areas (appendix 2). Because 
reservoir operations, irrigation diversions, and other anthropo-
genic activities can alter peak flows substantially, only stations 
in basins with minimal or no anthropogenic effects were used. 
Additionally, only stations with at least 10 annual peaks were 
analyzed. Additional information describing the methods used 
to determine peak-flow characteristics are summarized by 
Miller (2003).

Regression equations for estimating peak-flow charac-
teristics for ungaged streams in Wyoming were developed for 
hydrologic regions with similar peak-flow and basin charac-
teristics (Miller, 2003). The reasons for developing hydrologic 
regions were to ensure that the equations were reasonable 
from a hydrologic perspective and to reduce the uncertainty 
in estimates calculated with the equations. Carbon County 
includes parts of three different hydrologic regions: the Rocky 
Mountains, Eastern Basins and Eastern Plains, and High 
Desert (Regions 1, 3, and 6, respectively; Miller, 2003). The 
equations also can be used in combination with gaging-sta-
tion frequency analyses to estimate more accurate peak-flow 
characteristics at both ungaged and gaged sites.

Equations for estimating peak-flow characteristics for 
unregulated streams with basins located entirely within the 
Rocky Mountains Region are listed in table 2-1, Eastern 
Basins and Eastern Plains Region are listed in table 2-2, or 
High Desert Region are listed in table 2-3. For streams in 
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basins that cross region boundaries, peak-flow characteristics 
can be estimated using a weighting procedure (Miller, 2003, 
p. 31-32) and equations from the individual regions. Descrip-
tions of the other regional equations and example applications 
of other scenarios are described in Miller (2003).

Applications of the regional equations are limited by the 
hydrologic conditions and basin characteristics of the gaging 
stations used to define them. Anthropogenic developments—
such as diversions for irrigation, regulation by reservoirs, and 
urbanization—alter natural hydrologic conditions and change 

the characteristics of annual peak flows. Applications of the 
equations are limited to drainages with little or no develop-
ment. Because the set of basins used to define the relations is 
a relatively small sample of a larger population, the set likely 
does not define the entire range in values of that population. 
Thus, the regional relations only are defined for the range of 
values sampled. Additional information on the limitations of 
the regional equations is presented in Miller (2003, p. 26-30).

Table 2-1.  Equations for estimating peak-flow characteristics, Rocky Mountains Region, Wyoming (Region 1).

[SE
E
, average standard error of estimate; SE

P
, average standard error of prediction; Q

T
, estimated peak flow, in cubic feet per second for recurrence interval of  

T years; AREA, total drainage area, in square miles; ELEV, mean basin elevation, in feet; LNG, longitude of basin outlet location, in decimal degrees]

Equation
SEE  

(percent)
SEP  

(percent)

Average 
equivalent 

years  
of record

95-percent prediction  
interval factor

Lower limit Upper limit

55 56 1.0 0.354 2.82

49 50 1.2 .396 2.53

46 47 1.3 414 2.42

38 39 2.4 .476 2.10

35 36 3.8 .503 1.99

34 35 5.4 .509 1.96

35 36 6.3 .500 2.00

37 38 6.9 .486 2.06

39 40 7.2 .467 2.14

42 43 7.3 .440 2.28
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Table 2-2.  Equations for estimating peak-flow characteristics, Eastern Basins and Eastern Plains Region, Wyoming (Region 3).

[SE
E
, average standard error of estimate; SE

P
, average standard error of prediction; Q

T
, estimated peak flow, in cubic feet per second for recurrence interval of  

T years; AREA, total drainage area, in square miles; SOIL, mean basin soils hydrologic index, unitless]

Equation
SEE  

(percent)
SEP  

(percent)

Average 
equivalent 

years  
of record

95-percent prediction  
interval factor

Lower limit Upper limit

122 127 2.0 0.140 7.12

94 98 2.6 .193 5.18

85 89 3.1 .218 4.58

58 61 7.7 .324 3.08

48 51 14.4 .384 2.61

43 46 23.6 .413 2.42

44 48 28.0 .405 2.47

47 51 29.5 .382 2.62

52 56 28.9 .350 2.86

60 66 26.6 .302 3.31

Low Flows
Low-flow characteristics are used by regulators in permit-

ting wastewater discharges and by scientists in investigating 
surface-and ground-water interactions. Traditional low-flow 
characteristics also have been used in determining minimum 
streamflows for aquatic life; however, these characteristics 
alone are not appropriate for this use (National Research 
Council, 1999; Annear and others, 2002). Low-flow statistics 
for selected periods of consecutive days (n-day low flows) 
are described in this section. The annual n-day low flow is 

the lowest daily mean streamflow that is not exceeded for n 
consecutive days during a year.

Annual low flows in streams in Carbon County vary 
substantially by stream type and anthropogenic effects. Annual 
low flows in ephemeral streams are zero by definition. Annual 
low flows in perennial streams are sustained by ground-water 
inflows, reservoir releases, and irrigation returns. Annual low 
flows in intermittent streams vary between reaches depend-
ing on local geology, land use, and other basin characteristics. 
For example, annual low flows can be sustained by perennial 
springs in the upstream reaches of a stream. Downstream 
reaches of the same stream, however, can be ephemeral 
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Table 2-3.  Equations for estimating peak-flow characteristics, High Desert Region, Wyoming (Region 6).

[SE
E
, average standard error of estimate; SE

P
, average standard error of prediction; Q

T
, estimated peak flow, in cubic feet per second of recur-

rence interval for T years; AREA, total drainage area, in square miles; LAT, latitude of basin outlet location, in decimal degrees]

Equation
SEE  

(percent)
SEP  

(percent)

Average 
equivalent 

years of 
record

95-percent prediction  
interval factor

Lower limit Upper limit

66 72 3.2 0.266 3.76

60 66 3.2 .292 3.43

59 64 3.3 .301 3.32

53 59 4.7 .328 3.05

52 57 6.4 .336 2.98

52 58 8.5 .331 3.02

53 60 9.7 .320 3.13

56 63 10.4 .304 3.29

59 67 10.9 .286 3.49

64 73 11.1 .261 3.83

because annual low flows are less than total losses to seepage, 
diversions, and evaporation.

Annual n-day low flows were determined from daily 
streamflow data for selected streamflow-gaging stations in and 
near Carbon County with more than 10 years of streamflow 
record. Daily mean streamflow data for the period of record 
through water year 2003 were retrieved for selected stations 
from the USGS NWIS database and compiled in a watershed 
data management (WDM) file using the USGS computer 
program IOWDM (Lumb and others, 1990). Because the 
water year usually divides the annual low-flow period, annual 
n-day low-flow characteristics generally are determined for the 

climate year (from April 1 through March 31 of the following 
year) (Searcy, 1959). Annual n-day low flows were compiled 
using the USGS computer program SWSTAT (Wilbert Tho
mas, Jr., U.S. Geological Survey, written commun., 1997) for 
3-, 7-, 10-, 30-, 60-, and 90-day periods.

Annual low-flow statistics were determined from fre-
quency analyses of the n-day series for the selected stream-
flow-gaging stations (appendix 3). Similar to peak flows, for a 
series of annual n-day low flows at a site, a statistical relation 
can be defined describing the mean annual non-exceedance 
probability of a given flow during n consecutive days. The 
Pearson Type III probability distribution was fit to the loga-
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rithms (base 10) of the n-day series using SWSTAT. For n-day 
series that included values of zero flow, SWSTAT incorpo-
rates a conditional probability adjustment (Wilbert Thomas, 
Jr., U.S. Geological Survey, written commun., 1997). Non-
exceedance probabilities can be expressed in percent chance; 
alternatively, the reciprocal of the non-exceedance probability 
is the recurrence interval (expressed in years). For example, 
for a 7-day low-flow value with a non-exceedance probability 
of 0.10 (commonly referred to as the 7-day, 10-year flow and 
abbreviated as 7Q10), there is a 10 percent chance that the 
maximum of the seven lowest consecutive daily mean stream-
flows will be less than that value in any given year. Values 
of annual n-day low flows were determined for the 1.01-, 
1.11-, 1.25-, 2-, 5-, 10-, and 20-year recurrence intervals. 
For stations with more than 25 years of streamflow record, 
values of annual n-day low flows also were determined for the 
50-year recurrence interval. For site 9, low-flow statistics were 
determined for the periods before and after construction of an 
upstream diversion structure.

Flow Duration
Flow duration is the time during which a given discharge 

is recorded at a site. For all discharges at a site during the 
period of record or interest, flow duration can be summarized 
as the cumulative exceedance probability (in percent) for each 
discharge. The result is a statistical measure of streamflow 
variability expressed as the percentage of time during which 
a range of flows were equaled or exceeded without consider-
ation for the chronology of the individual flows. Flow-dura-
tion statistics are useful for evaluating spatial and temporal 
differences in streamflow variability resulting from natural 
and anthropogenic factors as well as for estimating streamflow 
distributions for water-quality assessments (Searcy, 1959).

Flow-duration statistics were determined from daily 
streamflow data for selected streamflow-gaging stations in and 
near Carbon County with more than 10 complete water years 
of streamflow record (appendix 4). Daily mean streamflow 
data for the period of record through water year 2003 were 
retrieved for selected stations from the USGS NWIS data-
base and compiled in a WDM file using the USGS computer 
program IOWDM (Lumb and others, 1990). Flow-duration 
statistics were computed using the USGS computer program 
SWSTAT (Wilbert Thomas, Jr., written commun., 1997). The 
program counts occurrences of daily mean streamflow within 
logarithmically uniform intervals. Thirty-five intervals were 
calculated based on unique minimum and maximum daily 
values for each station. To compute streamflows for discrete 
exceedances, the program linearly interpolates between the 
streamflow intervals (Kathleen Flynn, U.S. Geological Survey, 
written commun., 2004). For site 9, flow-duration statistics 
were computed for the periods before and after completion of 
an upstream diversion structure because operations of diver-
sion structures alter downstream flow durations.

Water Quality

Periodic water-quality data were retrieved from the 
USGS NWIS database for selected sites and periods, and sum-
marized to describe the status and occurrence of major ions, 
nutrients, suspended sediment, and bacteria in streams in and 
near Carbon County. Concentrations of many stream water-
quality constituents are dependent on basin and streamflow 
characteristics. Because basin and streamflow characteristics 
can vary non-uniformly with time, concentrations of stream 
water-quality constituents from different sites collected dur-
ing non-concurrent time periods might not be comparable for 
describing regional characteristics. Additionally, streamflow 
characteristics at any given site can vary substantially within 
and between years. Thus, common time periods were selected 
where frequent water-quality analyses were available at 
several sites for multiple concurrent years. In Carbon County, 
frequent analyses of major ions and suspended sediment at 
several sites for multiple years occurred during the common 
period of water years 1966 through 1986 and frequent analy-
ses for nutrients occurred during the common period 1974 
through 1986.

Data in this report are summarized using parametric and 
nonparametric statistics. Descriptive summary statistics were 
computed using standard methods. Some constituent concen-
trations were less than laboratory reporting levels (censored 
data). Statistics of constituent concentrations that included 
censored data were estimated using robust methods (Helsel 
and Cohn, 1988; Helsel and Hirsch, 1992). Robust methods 
use distributions fit to data that are greater than the reporting 
level(s) to estimate summary statistics. In this report, sum-
mary statistics for most data sets with censored values were 
estimated using log-probability regression. In some cases, 
data were censored to a consistent reporting level in order to 
compare data through time or between constituents. Summary 
statistics are shown using boxplots for some constituents. 
The highest minimum reporting level shown with the box in 
figure 12 indicates the highest minimum reporting level used 
among the laboratories that analyzed samples in the data set.

Dissolved Solids
Dissolved solids is an operational definition that 

refers to water-quality constituents that will pass through a 
0.45-micrometer filter. In most surface waters, the major ions 
calcium, magnesium, sodium, potassium, bicarbonate, chlo-
ride, and sulfate compose the majority of dissolved solids.

Major Ions
Dissolved solids in water samples from streams in and 

near Carbon County include the major ions calcium, magne-
sium, sodium, potassium, bicarbonate, chloride, and sulfate. 
Silica (an uncharged species) also is present as a major 
constituent in samples from streams. Concentrations of total 
dissolved solids (TDS) and individual major ions can vary 
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substantially within and between streams. Much of the vari-
ability in TDS concentrations within streams results from the 
source and timing of flows in the streams. Streamflows result-
ing primarily from snowmelt runoff from mountainous areas 
are characterized by low TDS concentrations. Resistant geo
logic formations weather slowly and large streamflow volumes 
dilute concentrations of dissolved constituents. Streamflows 
resulting primarily from rainfall runoff from non-mountainous 
areas can have large TDS concentrations depending on local 
soil characteristics, precipitation characteristics, and land-use 
activities. Streamflows resulting from springs and seeps from 
non-mountainous areas also can have large TDS concentra-
tions depending on local geologic features and land-use activi-
ties.

Median TDS concentrations for samples collected dur-
ing water years 1966 through 1986 from selected sites in and 
near Carbon County varied, ranging from 46 milligrams per 
liter (mg/L) at site 7 at the Encampment River to 1,950 mg/L 
at site 31 at Hanna Draw (table 3; fig. 12A). Median con-
centrations for selected individual dissolved major ions also 
varied as listed in table 3 and illustrated in appendix 5. The 
smallest median major-ion concentrations mostly were for 
samples from site 7 on the Encampment River; the largest 
median major-ion concentrations mostly were for samples 
from site 31 on Hanna Draw.

Site 7 on the Encampment River (fig. 11) is located in 
the Sierra Madre (fig. 2). Because of resistant geologic units 
and mountain vegetative cover, TDS concentrations are low in 
stream samples from this site. TDS concentrations in alluvial 
aquifers that contribute to base flows also are low.

Site 31 (Hanna Draw) (fig. 11) is located on an ephemeral 
stream in the Hanna Basin (fig. 2). The sources of the ephem-
eral streamflows in the reach at site 31 probably are rainfall 
and snowmelt runoff events. Hanna Draw, like other ephem-
eral streams within arid basins in the county, likely concen-
trates salts from the land it drains. The intermittent flows in 
these streams likely are not high enough to flush salts through 
the system fast enough to prevent accumulation.

Nutrients
Nutrient concentrations in stream samples collected from 

14 selected sites during water years 1974 through 1986 were 
evaluated to describe general surface-water quality characteris-
tics of Carbon County. Nitrogen and phosphorus are essential 
nutrients for healthy plant and animal populations (Fuhrer and 
others, 1999). Excessive nutrient concentrations, however, can 
degrade or facilitate degradation of water quality. Concerns 
for nitrogen in streams include nitrate concentrations larger 
than ambient conditions resulting in human-health issues for 
drinking water and eutrophication and subsequent hypoxic 
conditions for streams and other receiving waters. Eutrophica-
tion is the primary concern for phosphorus in streams (Fuhrer 
and others, 1999). Nutrients are the third leading pollutant in 
impaired rivers and streams in the United States (U.S. Envi-
ronmental Protection Agency, 2000).

Nitrogen in solution in most streams is primarily in the 
form of nitrate. Inorganic nitrogen in solution also includes 
other compounds such as nitrite and ammonia. In most 
streams, concentrations of these reduced forms are much 
smaller than nitrate concentrations and often are near or less 
than laboratory reporting levels. Laboratory reported con-
centrations of dissolved nitrite plus nitrate are assumed to 
be mostly nitrate; for brevity, concentrations of dissolved 
nitrite plus nitrate are referred to as concentrations of dis-
solved nitrate and reported as nitrogen. Pathways of nitrogen 
to streams include atmospheric deposition, overland runoff, 
ground-water discharge, and point discharges. Sources of 
nitrogen in streams include natural biological and chemical 
reactions, plant material, and anthropogenic activities such as 
fertilizer application to crops and lawns and sewage disposal 
from urban centers.

Phosphorus in solution is primarily in the form of ortho-
phosphate. Phosphates, however, sorb strongly to soil and 
sediment particles (Fuhrer and others, 1999). Total phospho-
rus, which includes phosphates and particulate forms, is the 
only form of phosphorus evaluated in this report. Pathways 
of phosphorus to streams include overland runoff and point 
discharges. Natural sources of phosphorus in streams in the 
western United States include soil and sediment derived from 
marine sedimentary rocks. Because phosphorus is essential 
in metabolism, anthropogenic sources of phosphorus include 
animal and human waste (Hem, 1985). Phosphorus also is a 
necessary plant nutrient and sometimes is added as a fertilizer.

Various reference conditions and water-quality criteria 
are included in the evaluation of nutrient concentrations in 
stream samples. Clark and others (2000) estimated median 
flow-weighted mean nutrient concentrations for streams in 
relatively undeveloped basins of the United States. Flow-
weighted mean concentrations are analogous to the mean 
concentration of the annual mass flux. Because flow-weighted 
concentrations are not directly comparable to discrete sample 
concentrations, the estimates by Clark and others (2000) are 
included in this report only for qualitative purposes. The U.S. 
Environmental Protection Agency (USEPA) has established a 
standard (Maximum Contaminant Level, or MCL) of 10 mg/L 
for nitrate concentrations in drinking water (U.S. Environ-
mental Protection Agency, 2002a) and a recommendation of 
0.1 mg/L for total phosphorus concentrations for prevention of 
nuisance plant growth (U.S. Environmental Protection Agency, 
1986). Applicability of the USEPA standards or criteria is 
dependent on the use for which the stream has been classified 
by the State.

Nitrate
Median dissolved nitrate concentrations for samples 

collected during water years 1974 through 1986 from selected 
sites in and near Carbon County were low, ranging from 
0.028 mg/L at site 7 on the Encampment River to 0.580 mg/L 
at site 11 on Sage Creek (table 3; fig. 12B). The median of 
the median nitrate concentrations for the 14 selected sites 
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Figure 12.  Statistics of A, total dissolved-solids concentrations (water years 1966-86); B, dissolved nitrite plus nitrate concentrations 
(water years 1974-86); C, total phosphorus concentrations (water years 1974-86); and D, suspended-sediment concentrations (water 
years 1966-86) from selected sites, in or near Carbon County, Wyoming.

1 7 9 11 17 28 31 32 36 39 45 53 54 58
0.003

0.03

0.3

3

30

73 40 72 16 71 37 32 44 41 84 18 21 30 33

32 25 15 50 15 1 14 21 31 1 9 15 13

173 130 172 194 161 32 168 167 195 22 5 9 17
73A

B

10

100

1,000

10,000
1>10,000

1>10,000

TO
TA

L 
D

IS
S

O
LV

E
D

-S
O

LI
D

S
 C

O
N

C
E

N
T

R
AT

IO
N

, 
IN

 M
IL

LI
G

R
A

M
S

 P
E

R
 L

IT
E

R
 

D
IS

S
O

LV
E

D
 N

IT
R

IT
E

 P
LU

S
 N

IT
R

AT
E

 C
O

N
C

E
N

T
R

AT
IO

N
,

IN
 M

IL
LI

G
R

A
M

S
 P

E
R

 L
IT

E
R

 

SITE NUMBER 

33

13

EXPLANATION 

Number of samples 

Number of samples with
  concentrations greater  
  than the graphed 
  concentrations

90th percentile 

More than one-half the
  samples were censored

10th percentile 

Highest minimum 
  reporting level 
  and number of 
  censored samples 

75th percentile 

Median

25th percentile 

Value outside 10th 
  or 90th percentile 

26    Water Resources of Carbon County, Wyoming



Figure 12.  Statistics of A, total dissolved-solids concentrations (water years 1966-86); B, dissolved nitrite plus nitrate concentrations 
(water years 1974-86); C, total phosphorus concentrations (water years 1974-86); and D, suspended-sediment concentrations (water 
years 1966-86) from selected sites, in or near Carbon County, Wyoming.—Continued
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was 0.085 mg/L. For comparison, Clark and others (2000) 
estimated the median flow-weighted mean nitrate concentra-
tion for streams in relatively undeveloped basins of the United 
States as 0.087 mg/L. Site 11 was the only site to have a 
median nitrate value substantially higher than the Clark and 
others (2000) estimate (fig. 12B). One nitrate sample collected 
at site 11 also had a concentration that exceeded the USEPA 
MCL of 10 mg/L (U.S. Environmental Protection Agency, 
2002a). At the other 13 sites, all water-quality samples had 
nitrate concentrations less than the MCL.

Phosphorus
Median total-phosphorus concentrations for samples 

collected during water years 1974 through 1986 from selected 
sites in and near Carbon County were low, ranging from 
0.010 mg/L at site 7 on the Encampment River to 0.15 mg/L at 
site 45 on Separation Creek (table 3; fig. 12C). The median of 
the median total-phosphorus concentrations for the 14 selected 
sites was 0.030 mg/L. For comparison, Clark and others 
(2000) estimated the median flow-weighted mean phosphorus 
concentration for streams in relatively undeveloped basins 
of the United States as 0.022 mg/L. Although the median 
total-phosphorus concentrations from water-quality samples 
collected at the sites generally were higher than the Clark and 
others (2000) estimate, only water-quality samples collected 
at one site (site 45) had a median value for total-phosphorus 
concentrations that exceeded the USEPA recommendation of 
0.1 mg/L for prevention of nuisance plant growth (U.S. Envi-
ronmental Protection Agency, 1986).

Suspended Sediment
Suspended-sediment concentrations in stream samples 

collected from selected sites during water years 1966 through 
1986 were evaluated to describe general surface-water-qual-
ity characteristics of Carbon County. Sediment in streams is 
part of the natural fluvial processes of erosion, transport, and 
deposition (siltation). As with other dissolved and particulate 
constituents in streams, however, excessive sediment transport 
can be cause for concern. These concerns include degradation 
of water quality and aquatic habitat and reduction of reservoir 
capacity. For example, siltation is the leading pollutant in 
impaired rivers and streams in the United States (U.S. Envi-
ronmental Protection Agency, 2000). In addition to siltation, 
sediment in streams can facilitate the transport of other 
water-quality constituents/contaminants, including nutrients, 
bacteria, trace elements, and pesticides. Conversely, decreased 
sediment delivery also can affect aquatic habitat (Hem, 1985). 
Large reservoirs are sediment sinks; decreased velocities result 
in settling of particulates and removal of nearly all suspended 
sediment (Meade and others, 1990, p. 267). Diminished 
sediment transport—either through removal of the sediment 
source or through reduction of streamflow transporting the 
sediment—can result in channel changes including increased 
aggradation or degradation and changes in particle-size dis-

tribution, all of which are detrimental to endemic fish popula-
tions (Muth and others, 2000).

Median suspended-sediment concentrations in samples 
collected during water years 1966 through 1986 from selected 
sites in and near Carbon County varied, ranging from 4 mg/L 
at site 7 on the Encampment River to 212 mg/L at site 45 on 
Separation Creek (table 3; fig. 12D). Analyses for suspended 
sediment were available for 11 of the 14 selected sites. The 
median of the median suspended-sediment concentrations for 
the 11 selected sites was 57 mg/L. Site 7 (fig. 11) is located in 
a high mountain stream with a bedrock channel, in a densely 
vegetated basin, where there is little fine-grained sediment 
readily available for transport. In contrast, site 45 (fig. 11) is 
located on an ephemeral stream in the arid Great Divide Basin 
(fig. 2), with sparse vegetation; fine-grained sediment is read-
ily available for transport when runoff occurs.

Suspended-sediment characteristics observed in streams 
in Carbon County probably were the result of both natural and 
anthropogenic factors. On average, the largest suspended-sedi-
ment yields� occur naturally in regions where precipitation is 
sufficient for producing runoff but insufficient for sustaining 
dense vegetation—a concept referred to as the “Langbein-
Schumm rule” (Langbein and Schumm, 1958; also, Schumm 
and Hadley, 1961; Wilson, 1973). According to Martner 
(1986), most of Carbon County can be classified as either hav-
ing a steppe or alpine climate (fig. 3). In most of the county 
classified as steppe, mean annual precipitation ranges from 
about 8 to 22 in. (figs. 3 and 5). Larger suspended-sediment 
yields might be expected from these areas of the county. In 
most of the county classified as alpine, mean annual precipita-
tion ranges from about 32 to greater than 44 in. (figs. 3 and 5). 
Smaller suspended-sediment yields might be expected from 
these areas of the county. Human activities such as agriculture, 
logging, road construction, urbanization, and channelization 
of stream reaches often contribute to suspended-sediment 
concentrations in streams.

Bacteria
Bacteria concentrations in stream samples collected from 

selected sites during water years 1966 through 1986 were 
evaluated to describe historical concentrations of bacteria in 
surface water of Carbon County. Bacteria are from natural and 
anthropogenic sources. Excessive concentrations of bacteria 
in streams, however, are a human-health concern because bac-
teria have been correlated with the presence of disease-caus-
ing organisms (pathogens). Because sampling for pathogens 
is problematic, bacteria are used as indicators of the possible 
presence of pathogens in streams (Hem, 1985). Pathogens are 
the second leading pollutant in impaired rivers and streams 
in the United States (U.S. Environmental Protection Agency, 
2000).

�Yield is equal to the product of streamflow and concentration, per unit 
drainage area and unit conversion factor.
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Historical monitoring of pathogen indicators in streams in 
and near Carbon County included sampling for fecal coliform 
bacteria. The primary sources of fecal coliform are fecal waste 
from wildlife and livestock and sewage effluent from munici-
palities and septic systems. Other non-fecal sources of fecal 
coliform exist (U.S. Environmental Protection Agency, 1986); 
as such, specific bacteria are preferable as pathogen indica-
tors (Myers and Sylvester, 1997). For example, the presence 
of the fecal coliform Escherichia coli (E. coli) in water is 
direct evidence of fecal waste from warm-blooded animals 
(Dufour, 1977). In a synoptic study of three basins in Wyo-
ming, however, Clark and Gamper (2003) found that most of 
the fecal coliform in stream samples were E. coli. The finding 
demonstrates the utility of fecal coliform data in analyses of 
pathogen indicators.

The State of Wyoming fecal coliform water-quality 
criteria are based on the geometric means of multiple sam-
ples during different time periods. The State criteria values 
have changed over time, as have their implementation with 
regard to different classes of streams and times of year as 
well as proximity of sewage outfalls (Wyoming Department 
of Environmental Quality, 1976, 2001). For the purposes of 
this report, samples are compared with the USEPA recom-
mended criterion of 400 colonies per 100 milliliter (mL) for 
single samples (U.S. Environmental Protection Agency, 1976). 
USEPA studies determined that contact-associated gastrointes
tinal illnesses were statistically significant when fecal coliform 
counts were greater than 400 colonies per 100 mL.

Analyses for fecal coliform were available for 8 of the 
14 selected sites in and near Carbon County during water 
years 1966 through 1986 (table 3). Median fecal coliform 
counts in samples were low, ranging from 1 colony per 
100 mL at site 7 on the Encampment River to 62 colonies per 
100 mL at site 58 on the Little Snake River. The median of the 
median fecal coliform counts for the 8 sites was 20 colonies 
per 100 ml. At all 8 sites, at least 75 percent of the water-qual-
ity samples analyzed for fecal coliform bacteria had fecal 
coliform counts less than the USEPA recommended criterion 
of 400 colonies per 100 mL, and at sites 7, 36, and 39, all fecal 
coliform counts were less than the criterion.

Ground Water
The terms aquifer and hydrogeologic unit are used in this 

report to describe saturated geologic units. In this report, the 
term aquifer refers to bodies of rock or sediment that yield 
economic quantities of water to wells or springs. Saturated 
geologic formations can consist of several types of hydrogeo-
logic units, including aquifers. The term hydrogeologic unit is 
more general and refers to all bodies of rock or sediment that 
are hydrologically important, including aquifers, semi-confin-
ing units, and confining units. Most of the saturated geologic 
formations in Carbon County are heterogeneous, consisting 
of aquifers, semi-confining units, and confining units. For this 

reason the term hydrogeologic unit (figs. 8-10) is used when 
discussing characteristics of several geologic units as a whole. 
However, the term aquifer is used when discussing characteris
tics of a specific water-bearing unit or units within the hydro-
geologic units listed in figures 8-10; for example, the Madison 
aquifer (Limestone) is within the Paleozoic hydrogeologic 
units. Discussions on ground water in the following sections 
are organized by hydrogeologic units.

Estimates of water used in Carbon County indicate that 
ground water only accounts for about 2 percent of the overall 
water used (Hutson and others, 2004; U.S. Geological Survey, 
2005); however, in many parts of the county it is the only 
supply of water available. Aquifers in hydrogeologic units 
of lower Tertiary age are the most widely used. Rocks that 
contain these aquifers occur at or near land surface in much 
of the county (fig. 2). Aquifers in unconsolidated deposits of 
Quaternary age can be important water supplies locally but are 
not widespread.

Ground water in the county occurs under both water-
table (unconfined) and artesian (confined) conditions. Under 
water-table conditions, permeable material extends from the 
land surface to the saturated zone, allowing vertical movement 
of water. Aquifers in Quaternary unconsolidated deposits con-
sisting of alluvium, dune sand (eolian), lacustrine, and gravel 
deposits generally are unconfined. In some locations, shallow 
aquifers in other hydrogeologic units also may be unconfined. 
Artesian aquifers are composed of permeable rock or sedi-
ment confined by relatively impermeable rocks (semi-confin-
ing or confining units). Water in an artesian aquifer is under 
hydraulic pressure and will rise above the top of the aquifer 
when the overlying confining bed is penetrated (for example, 
by a well) or fractured (for example, at a spring). If sufficient 
hydraulic pressure exists, water from a well completed in an 
artesian aquifer can flow to the land surface even though the 
aquifer is deeply buried. Most aquifers in Tertiary and deeper 
hydrogeologic units in the county contain water under artesian 
conditions (except at or near the surface, especially where 
formations are exposed).

Ground-Water Recharge

Recharge to aquifers in Carbon County occurs by infiltra-
tion of precipitation on outcrop areas, infiltration of snowmelt 
runoff from the mountains, and leakage of streamflow (Martin, 
1996, p. 25; Welder and McGreevy, 1966, p. 2; Collentine and 
others, 1981; Richter, 1981; Geldon, 2003). Fisk (1967, p. 65-
67) identified major recharge areas to aquifers in the Great 
Divide Basin as the high area in the northeast part of the basin 
(Townships (Tps.) 26 and 27 North (N.) between Ranges (Rs.) 
90 and 94 West (W.)), the southwest part of the basin where 
rocks are upturned on the Rock Springs Uplift, the Rawlins 
Uplift (fig. 1), and the high area around Creston Junction in 
Sweetwater County (not shown). Potentiometric levels in 
hydrogeologic units are higher in these areas than other parts 
of the basin, probably because the higher altitude of these fea-
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tures results in slightly higher annual precipitation. Welder and 
McGreevy (1966, p. 2) reported that most streams in the Great 
Divide Basin are losing streams.

Fisk (1967, p. 66-68) identified major recharge areas to 
aquifers in the Washakie Basin as the upturned outcrops flank-
ing the Rock Springs Uplift, the outcrop area southwest of 
Rawlins (Atlantic Rim area in Carbon County) (fig. 2), and the 
high area around Creston Junction in Sweetwater County (not 
shown). Again, these high areas probably receive more annual 
precipitation than the lower parts of the basin. Fisk (1967, p. 
66-68) also identified Muddy Creek (figs. 2 and 13) where it 
crosses the permeable Late Cretaceous-age Fox Hills Sand-
stone and Lance Formation and the Tertiary-age Fort Union 
Formation (Township 17 North (T. 17 N.), Range 91 West  
(R. 91 W.)) in Carbon County as a recharge area for the basin. 
Most streams in the Washakie Basin also are losing streams 
(Welder and McGreevy, 1966, p. 2).

Even though the Great Divide and Washakie Basins are 
separated structurally, Fisk (1967, p. 19) reported that aquifers 
are in direct hydraulic connection across the Wamsutter Arch. 
Fisk (1967, p. 69) estimated total recharge to both basins to be 
a minimum of 15 ft3/s. Using recharge and storage estimates, 
Fisk (1967, p. 73) estimated that it would take more than 
50,000 years to fill the fresh-water parts of the basins with 
ground water.

Freethey and Cordy (1991, p. C81) presented a map of 
potential recharge by direct infiltration of precipitation to 
aquifers in Mesozoic hydrogeologic units within the Upper 
Colorado River Basin. The Carbon County part of this map 
(fig. 13) shows the potential for direct infiltration of precipita-
tion to Mesozoic geologic formations in the Great Divide and 
Washakie Basins.

Johnson and Huntoon (1994, p. 4) examined ground-
water movement through aquifers of the Troublesome and 
Difficulty Creek area in the northern Hanna Basin, an area 
described by the investigators as the “southern flank of the 
Shirley Mountains in the hanging wall block of the Shirley 
thrust fault” (Difficulty Creek shown on fig. 2). As part of 
the study, recharge to aquifers in Paleozoic rocks (Tensleep 
Sandstone and Madison Limestone) in the area was exam-
ined. The investigators reported that recharge to the Tensleep 
Sandstone, the “major aquifer” in the area, was by direct 
infiltration of precipitation and snowmelt through intergranu-
lar pores, fractures, and joints in surface exposures in the 
Shirley Mountains, Freezeout Mountains, and outcrops in the 
area. Recharge to the Tensleep Sandstone also was through the 
overlying Madison Limestone exposed in the Shirley Moun-
tains. Water from precipitation and runoff (streamflow) into 
sinkholes and fractures of the Madison Limestone eventually 
moves to the underlying Tensleep Sandstone through vertical 
extensional fractures and faults along the flanks of the basin, 
allowing hydraulic connection, and recharge, between the two 
formations.

Ground-Water Discharge

Ground-water discharge in Carbon County occurs mainly 
as seepage to streams, discharge to springs and seeps, pump-
age from wells, evapotranspiration, and underflow along 
streams and in aquifers that extend out of the area (Welder 
and McGreevy, 1966; Lowry and others, 1973; Collentine and 
others, 1981; Richter, 1981; Geldon, 2003). Ground water in 
Mesozoic and Paleozoic hydrogeologic units also may leave 
the county as underflow in parts of the county (Freethey and 
Cordy, 1991, plate 5E; Geldon, 2003, p. B127 and B134).

A potentiometric surface map of the Wasatch zone of 
the Wasatch-Fort Union aquifer in Carbon County (Wasatch 
zone is composed of the Tertiary-age Wasatch and Battle 
Spring Formations) is shown in figure 14. Within Carbon 
County, most of the aquifer is located in the Wamsutter Arch 
and Washakie Basin areas. Ground-water movement in the 
Wamsutter Arch area generally is to the west. In the Washakie 
Basin area, ground-water in the aquifer appears to move 
towards a small discharge area along the Little Snake River 
drainage in the southwest part of the county. Fisk (1967, p. 69-
70) reported that some ground water in the Washakie Basin is 
lost to the westward flowing Bitter Creek and the southward 
flowing Muddy Creek, Vermillion Creek, and other tributaries 
to the Little Snake River. Fisk (1967, p. 70) also stated that 
some ground water likely flows south out of the Great Divide 
Basin over the Wamsutter Arch and into the Washakie Basin.

Figure 15 from Freethey and Cordy (1991, pl. 5E) is 
a generalized potentiometric surface map of the Mesaverde 
aquifer (Mesaverde Group or Formation), which is contained 
in Upper Cretaceous rocks in Carbon County. The map is not 
detailed enough to accurately show all of the flow directions 
out of Carbon County in the Mesaverde aquifer, but it does 
indicate that at least some of the water in the Washakie Basin 
flows across the southern county line near the Little Snake 
River. Regionwide development of ground-water resources in 
Mesozoic hydrogeologic units in the Upper Colorado River 
Basin (including Carbon County) was reported as negligible 
by Freethey (1988, p. 64). Locally, water produced from 
Mesozoic hydrogeologic units in conjunction with oil and gas 
production may be substantial.

According to Geldon (2003, p. B126), highly variable 
topography forces ground water in Paleozoic hydrogeologic 
units of the Upper Colorado River Basin to flow toward local 
and subregional outlets, rather than to regional discharge 
areas. Geldon (2003, p. B141) reported that water produced 
in conjunction with oil and gas production is the largest 
withdrawal from Paleozoic hydrogeologic units in the Upper 
Colorado River Basin. Production of water in this way prob-
ably is responsible for local declines in water levels within 
the basin. The potentiometric-surface map (fig. 16) of the 
Tensleep aquifer (Sandstone), which is contained in upper 
Paleozoic rocks, indicates that a 1,000-ft ground-water cone 
of depression occurs around the Lost Soldier-Wertz-Mahoney 
oil fields in and near the northwest corner of Carbon County. 
Geldon (2003, p. B134) reported that most of the ground water 
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Figure 14.  Potentiometric surface and inferred flow paths for the Wasatch zone of the Wasatch-Fort Union aquifer, Carbon County 
and surrounding area (from Naftz, 1996, fig. 22).
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in upper Paleozoic hydrogeologic units north of the Uinta-Park 
Divide (fig. 16) that is not pumped from wells or discharged 
to springs, probably rises into Mesozoic or Tertiary hydro-
geologic units or flows into the Hanna Basin through a gap 
between the Rawlins Uplift and the Sierra Madre.

Figure 17 shows the potentiometric surface of the Madi-
son aquifer (Limestone), which is contained in middle Paleo-

zoic rocks, in Carbon County. Like upper Paleozoic hydrogeo-
logic units, ground water in middle Paleozoic hydrogeologic 
units north of the Uinta-Park Divide (fig. 17) could flow 
toward a gap between the Rawlins Uplift and the Sierra Madre 
(fig. 2). Some of the water in these hydrogeologic units also 
is lost to water wells and oil and gas field pumpage (Geldon, 
2003, p. B127). 
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Ground-Water-Quality and other Hydrogeologic 
Characteristics

Ground-water quality data included in this report came 
from the USGS NWIS database, the USGS Produced Waters 
Database (PWD), the Wyoming Oil and Gas Conservation 
Commission (WOGCC), and the University of Wyoming 
Water Resources Data System (WRDS) database. Detailed 
methods used to “screen” data are described for each data 
source. However, the overall objective for all data sources was 
to find and remove samples that (1) were duplicates;  
(2) were not assigned to hydrogeologic units or were assigned 
to hydrogeologic units that contradicted local geologic infor-
mation, particularly for shallow wells; (3) had inconsistent 
water-chemistry information such as poor ion balances or 
substantially different values between total dissolved solids 
and the sum of major ions; or (4) were unlikely to represent 
the water quality of a hydrogeologic unit because of known 
anthropogenic effects such as samples from wells monitoring 
known or potential point-source contamination sites or mining 
spoils sites.

Many Carbon County ground-water sites were sampled 
more than once; however, only one ground-water sample from 
a given site was included in this study to avoid biasing the 
results towards multiple-sample sites. An exception to this rule 
was the case of some PWD samples that had been collected 
from the same well, but came from different depths and dif-
ferent hydrogeologic units. For the PWD samples, a single 
sample per well per hydrogeologic unit (well-hydrogeologic 
unit) was included. When choosing between multiple samples 
from a site or well-hydrogeologic unit, either the most recent 
sample or the sample with the most complete analysis was 
retained in the final data set.

Data in this report are summarized using different statisti-
cal methods. Descriptive summary statistics for constituents 
and hydrogeologic units were computed using standard 
methods. Summary statistics are shown using boxplots for 
some constituents and hydrogeologic units. Some constitu-
ent concentrations were smaller than method detection limits 
of the measurement instrument. In those cases, the values 
were reported as less than the laboratory reporting level 
(for example, <0.01 mg/L), and are referred to as “censored 
values.” Statistics of data sets that included censored data 
were estimated using robust methods (Helsel and Cohn, 1988; 
Helsel and Hirsch, 1992). Robust methods use distributions 
that are fit to data greater than reporting level(s) to estimate 
summary statistics less than reporting level(s). In this report, 
summary statistics for ground-water quality data sets with cen-
sored values were estimated using log-probability regression. 
Kendall’s Tau values (a correlation coefficient based on the 
ranks of values within the data set) were calculated using data 
censored to the highest reporting level for each hydrogeologic 
unit-constituent group, except in the case where the highest 
reporting level matched the value of an uncensored value, in 
which case the data were censored to a level 0.001 below the 
highest reporting level.

A total of 329 ground-water-quality samples from the 
NWIS database are included in this report, of which 45 sam-
ples were collected specifically for this study to improve 
understanding of ground-water quality in Carbon County. The 
NWIS database included 348 ground-water sites with water-
quality analyses within Carbon County; however, 13 sites were 
excluded from this study because no hydrogeologic informa-
tion was available, and an additional 6 sites were excluded 
because of their proximity to potential contamination sources.

The hydrogeologic unit was determined for each of the 
45 wells from which new samples were collected. This was 
determined by first obtaining the latitude and longitude of 
the sampling site using a global positioning system (GPS) 
and plotting the site using a geographical information system 
(GIS) on the statewide 1:500,000 geologic bedrock map (Love 
and Christiansen, 1985) or other available geologic maps. If 
the sampling site was a spring, the geologic formation that the 
spring plotted in was assumed to be the source of the sampled 
water. For shallow wells, drilling logs and well-completion 
information from the Wyoming State Engineer’s Office well 
permits were reviewed, when available, to ensure that the well 
was completed in bedrock and not in unconsolidated surficial 
deposits. These steps also were taken for deep wells, but in 
addition, available geologic formation thickness data were 
reviewed to determine if the well was screened in the forma-
tion that occurred at the land surface or if it was screened in 
a deeper formation. The remaining sample locations were 
reviewed using a GIS, the statewide 1:500,000 geologic bed-
rock map, or other geologic maps to check for proper assign-
ment of the hydrogeologic unit.

A total of 212 ground-water-quality samples from the 
USGS PWD are included in this report. The PWD is available 
online at http://energy.cr.usgs.gov/prov/prodwat/data.htm. The 
PWD included 575 samples within Carbon County; how-
ever, not all samples were suitable for inclusion in this study 
because some methods of sample collection are less likely 
to provide samples that reflect aquifer water chemistry. Only 
those PWD samples collected from the wellhead or from a 
drill stem test were included. This limited the resulting dataset 
to 439 samples, 12 of which were removed because no hydro-
geologic information was available. The PWD samples were 
then screened to retain a single sample per well-hydrogeologic 
unit combination, resulting in 215 samples. Finally, three 
samples were removed because their water chemistry was 
identical to that of other samples, indicating probable duplica-
tion of sample records. PWD documentation indicated that 
samples were screened to remove samples with ion balances 
greater than 15 percent. The PWD contains chemical analyses 
for major ions and TDS. According to PWD documentation, 
some sample analyses may have reported the sum of sodium 
and potassium concentrations as sodium concentration alone. 
There were no potassium values for 112 samples used in this 
report, so those sample analyses may be reporting combined 
sodium and potassium concentrations. A few samples reported 
trace quantities of a constituent. To calculate statistical sum-
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maries for these samples, the value of “trace” was changed to 
<1 mg/L.

A total of 92 ground-water-quality samples were included 
from the WOGCC database. The WOGCC database included 
222 samples from Carbon County; however, not all samples 
were suitable for inclusion in this study. Thirty-one samples 
were removed because ion balances were greater than 10 per-
cent. Seventy-eight samples were removed because one or 
more major-ion analyses were missing, preventing calcula-
tion of ion balances. Eleven samples were removed to retain 
a single sample for each well-hydrogeologic unit combina-
tion. Five sample-pairs had identical water chemistry, so 
one sample from each pair was removed. Four samples were 
removed because they either had missing or unidentifiable 
hydrogeologic codes. One sample was removed because its 
location description plotted outside of Carbon County.

A total of 30 ground-water-quality samples were included 
from the WRDS database. The WRDS database included 
846 non-USGS ground-water or spring samples from 611 sites 
in Carbon County. Of the 611 sites, 162 had hydrogeologic 
unit assignments. Of the 162 sites, 56 were sites monitored by 
the Wyoming Department of Environmental Quality (WDEQ). 
WDEQ monitoring wells generally are located at sites of 
known or potential ground-water contamination. Because 
the objective of this report is to describe general ground-
water quality based on conditions such as geologic formation 
and well depth, it was determined that WDEQ monitoring 
sites would not meet that objective and those samples were 
removed from the data set. At this stage, ion balances were 
checked for the remaining 235 samples from 106 sites. Sam-
ples with ion balances greater than 10 percent were removed 
from the data set. To calculate ion balances, concentrations 
for all major ions must be available. One-hundred thirty-five 
samples had sufficient major-ion data to calculate ion bal-
ances, and of these, 23 had poor ion balances. Because poor 
ion balance was relatively common, samples were excluded 
from the data set if there were not enough major-ion analyses 
to calculate an ion balance. An exception was made to include 
some sites from the Wyoming State Laboratory that had nutri-
ent, bacteria, and TDS data and little or no major-ion data. 
This resulted in 55 sites remaining. Site names were checked 
for the remaining 55 sites, and 18 sites were discarded because 
the site name indicated that the well was associated with a 
coal mine, and without additional information, it could not be 
determined if the sample came from an active coal mine where 
ground-water quality may have been affected by mining. The 
remaining 37 sites were plotted on a 1:500,000 scale geologic 
map, and hydrogeologic unit assignments were compared with 
information on the map. Seven sites were discarded because 
the hydrogeologic unit designation did not match where the 
site plotted on the map.

The methods described in the USGS National Field 
Manual for the Collection of Water-Quality Data (U.S. Geo-
logical Survey, 1997 to 2003) were used for the collection of 
the 45 new samples used in the study described in this report. 

A field blank and a replicate sample were collected as quality-
assurance samples.

All 45 samples were analyzed for physical characteris-
tics, major ions and related characteristics, nutrients, and trace 
elements. In addition, some of these samples were analyzed 
for selected radionuclides including 42 samples analyzed for 
radon-222; 2 samples analyzed for radium-224; 6 samples 
analyzed for radium-226, radium-228, gross-alpha activity, 
and gross-beta activity; and 4 samples analyzed for tritium. All 
samples were analyzed by the USGS National Water Quality 
Laboratory in Denver, Colorado. Methods for the major-ion 
analyses are described in Fishman and Friedman (1989), 
Fishman (1993), and American Public Health Association 
(1998). Methods for the nutrient analyses are described in 
Fishman (1993). Methods for the trace-element analyses are 
described in Garbarino (1999), Faires (1993), McLain (1993), 
and Fishman and Friedman (1989). Methods for the radon-222 
analyses are described in American Society for Testing and 
Materials (1996). Methods for the radium isotopes, and gross-
alpha and gross-beta activity analyses are described in U.S. 
Environmental Protection Agency (1980) method 900.0 with 
modification�. Results from analyses for all 45 new ground-
water-quality samples collected during this study are tabulated 
in appendix 6.

The methods used to collect the 42 radon-222 samples 
were designed to prevent degassing of the sample. However, 
not all aspects of sample collection could be controlled. Spe-
cifically, cascading water in some wells, and some degassing 
from springs, may have occurred. Springs were sampled only 
when upwelling of ground water was visible and the water 
temperature and dissolved oxygen content indicated that the 
water was not stagnant. Spring samples were collected from 
below the water surface directly in plumes of upwelling. 
Because it is possible that some degassing of radon-222 could 
have taken place in these samples, all radon-222 concentra-
tions should be considered minimum values.

In the following discussion of characteristics of aquifers, 
comparisons are made between water-quality-sample results 
and various water-quality standards. Water-quality standards 
used for comparisons will be explained here rather than in 
each of the individual sections that follow.

For water-quality comparisons, three types of USEPA 
standards are used: MCL, Secondary Maximum Contaminant 
Level (SMCL), and Lifetime Health Advisory Level (HAL). 
The USEPA MCLs (U.S. Environmental Protection Agency, 
2002a) are legally enforceable standards that apply to public 
water systems, which provide water for human consumption 
through at least 15 service connections, or regularly serve at 
least 25 individuals. The purpose of MCLs is to protect public 
health by limiting the levels of contaminants in drinking 

� Modifications to U.S. Environmental Protection Agency method 900.0 
included sample preparation and counting within 72 hours of sample col-
lection and recounting after 30 days. In addition, gross-alpha activities were 
based on a thorium-230 curve and gross-beta activities were based on a 
cesium-137 curve (Ann Mullin, U.S. Geological Survey, written commun., 
2004)
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water. MCLs do not apply to ground water used for livestock, 
irrigation, or self-supplied domestic use. They are, however, 
a valuable reference when assessing the suitability of water 
for these uses. USEPA SMCLs (U.S. Environmental Protec-
tion Agency, 2002a) are non-enforceable guidelines regulating 
contaminants that may cause cosmetic effects (such as skin or 
tooth discoloration) or aesthetic effects (such as taste, odor, or 
color) in drinking water. HALs are based on the concentration 
of a chemical in drinking water that is expected to cause any 
adverse noncarcinogenic effects resulting from a lifetime of 
exposure (U.S. Environmental Protection Agency, 2002a).

Quality standards for Wyoming class II and class III 
ground water (Wyoming Department of Environmental 
Quality, 1993) also are used for comparisons in this report. 
Class II ground water is water that is suitable for agricultural 
(irrigation) use where soil conditions and other factors are 
adequate. Class III ground water is water that is suitable for 
livestock. These Wyoming standards are designed to protect 
ground water that meets the criteria of a given class from 
being degraded by anthropogenic activity. They are not meant 
to prevent ground water that does not meet the standards from 
being used for a particular use. Like the USEPA standards, 
they serve only as a reference in this report to help assess the 
suitability of ground water for various uses.

In this report, results from the 663 ground-water-quality 
samples used in this study are discussed in terms of the water’s 
suitability for domestic, irrigation, and livestock use based on 
the USEPA and WDEQ standards. When discussing the suit-
ability for domestic use, USEPA health-based MCL and HAL 
standards were used, even though they are not legally enforce-
able for any of the sampling sites used in this study. USEPA 
SMCL aesthetic standards for domestic use and WDEQ 
ground-water class II standards for agriculture and class III 
standards for livestock use only were used as a guide. The 
663 samples used in this study were not analyzed for every 
constituent for which a standard exists. When water from a 
sampling site is reported as suitable for a given use, it is based 
only on the constituents that were analyzed. It is possible that 
the concentration of some other constituent not analyzed could 
make the water unsuitable for the given use.

Ground-water quality in Carbon County is highly vari-
able, even within a single hydrogeologic unit. Water quality in 
any given hydrogeologic unit tends to be better near outcrop 
areas where recharge occurs and deteriorates as the distance 
from these areas increases (and residence time increases). 
The water quality of a given hydrogeologic unit also usually 
deteriorates with depth.

Many of the water-quality samples collected from Qua-
ternary and Tertiary hydrogeologic units used in this study 
came from wells and springs that were being used to supply 
water for livestock and wildlife. Wells that do not produce 
usable water are usually abandoned, and springs that do not 
produce usable water typically are not developed. In addition, 
where hydrogeologic units are deeply buried, they usually are 
not used for a water supply when a shallower supply is avail-
able. For these reasons the ground-water-quality samples from 

the Quaternary, Tertiary, and some Cretaceous hydrogeologic 
units used in this study are most likely biased toward better 
water quality, and do not represent a random sampling of the 
units. Although the possible bias of these data likely does not 
allow for a complete characterization of the water quality of 
these hydrogeologic units as a whole, it probably allows for a 
more accurate characterization of the units in areas where they 
are shallow enough to be economically used.

Many of the ground-water quality samples used in this 
study to characterize Mesozoic and Paleozoic hydrogeo-
logic units were co-produced oil and gas water samples from 
the USGS PWD and WOGCC databases. Although these 
samples were collected only where oil and gas production has 
occurred, they probably have less bias in representing ambi-
ent ground-water quality than samples used to characterize 
Quaternary and Tertiary hydrogeologic units.

Ground-water quality from various hydrogeologic units 
that occur within the county is discussed in the sections that 
follow. For the most part, comparisons are not made between 
the ground-water quality within the different structural fea-
tures in the county such as the Hanna, Shirley, Great Divide, 
and Washakie Basins or the Rawlins Uplift. In general, not 
enough ground-water-quality data were available to make 
accurate comparisons between the structural features given the 
large variation in water quality within the features. Given the 
proximity of the structural features to each other, it is likely 
that the differences in ground-water quality due to the distance 
from recharge areas or depth are more important factors than 
the structural features themselves.

TDS concentrations in ground water within the county 
tend to be marginally high to high in comparison with the 
USEPA SMCL in most areas, even in shallow wells. This is 
not surprising given the arid climate and limited recharge that 
occurs within the county. Even though there is no USEPA 
MCL for TDS, this constituent can adversely affect the taste 
and odor of drinking water (U.S. Environmental Protection 
Agency, 2003), and high TDS concentrations in irrigation 
water have a negative effect on crop production. High TDS 
concentrations also can cause scale build up in pipes and boil-
ers. The USEPA SMCL for TDS is 500 mg/L (U.S. Environ-
mental Protection Agency, 2002a). The TDS concentration 
commonly is called salinity. TDS concentrations in ground-
water samples in this report are classified according to the 
USGS salinity classification (Heath, 1983) as follows: fresh, 
0-1,000 mg/L; slightly saline, 1,000-3,000 mg/L; moderately 
saline, 3,000-10,000 mg/L; very saline, 10,000-35,000 mg/L; 
and briny, more than 35,000 mg/L.

The sodium-adsorption ratio (SAR) is used to predict the 
degree to which irrigation water enters into cation-exchange 
reactions in the soil. High SARs are typical of water produced 
from some hydrogeologic units within the county, making the 
water unsuitable for irrigation. High SAR values can result in 
sodium replacing adsorbed calcium and magnesium in soil, 
causing damaged soil structure and reduced permeability of 
the soil to water infiltration (Hem, 1985). However, the SAR 
should be used in conjunction with information about the 
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soil characteristics and irrigation practices in the area being 
examined.

Many ground-water quality samples reviewed for this 
study also contained relatively high concentrations of sul-
fate, chloride, fluoride, boron, iron, and manganese, when 
compared to USEPA and WDEQ water-quality standards. As 
expected, co-produced oil and gas water commonly exceeded 
many USEPA and WDEQ standards. Sulfate can adversely 
affect the taste and odor of drinking water, and the ingestion 
of water containing high concentrations of sulfate may cause 
diarrhea (U.S. Environmental Protection Agency, 2003). The 
USEPA SMCL for sulfate is 250 mg/L (U.S. Environmental 
Protection Agency, 2002a). Large chloride concentrations 
can adversely affect the taste of drinking water, increase the 
corrosiveness of water, and damage salt-sensitive crops. The 
USEPA SMCL for chloride is 250 mg/L (U.S. Environmental 
Protection Agency, 2002a), the WDEQ agricultural standard 
is 100 mg/L, and the WDEQ livestock standard is 2,000 mg/L. 
Many, but not all of the exceedances, were in co-produced 
oil and gas water samples. High chloride concentrations 
commonly are associated with co-produced water from deep 
hydrogeologic units in sedimentary structural basins. Small 
concentrations of fluoride in diets have been shown to promote 
dental health, but higher doses can cause health problems 
including dental fluorosis, a discoloring and pitting of the 
teeth (U.S. Environmental Protection Agency, 2003). A diet 
high in fluoride also can lead to bone disease (U.S. Environ-
mental Protection Agency, 2003). The USEPA SMCL for 
fluoride is 2.0 mg/L, and the MCL is 4.0 mg/L. The human 
health effects of boron are not fully understood. Mastromatteo 
and Sullivan (2003) report that some dietary studies indicate 
that boron in small doses may be essential for humans. They 
also reported that several toxicity studies on animals have 
shown that higher doses of boron cause testicular cell damage 
and atrophy in male test animals. The USEPA has proposed 
an HAL of 600 micrograms per liter (µg/L) for boron (U.S. 
Environmental Protection Agency, 2002a). According to 
Hem (1985, p. 129), small amounts of boron are essential to 
plant growth, but greater concentrations in soil and irrigation 
water are harmful. For some plants, the toxic concentration 
is as low as 1 mg/L. Both iron and manganese can adversely 
affect the taste and odor of drinking water and cause staining. 
The USEPA has established SMCLs for iron (300 µg/L) and 
manganese (50 µg/L) (U.S. Environmental Protection Agency, 
2002a). High concentrations of iron and manganese in irriga-
tion water also can have a detrimental effect on crop produc-
tion.

Ground-Water Resources

In this section of the report, the geologic, hydrogeologic, 
and water-quality characteristics of each hydrogeologic unit 
in Carbon County are described. Water-quality characteristics 
are described in the text, figures, and appendixes. Analytical 
results for the 45 new ground-water-quality samples collected 
for this study are presented in appendix 6. The reader can 
examine broad comparisons of selected water-quality constitu-
ents among all hydrogeologic units, and groups of hydro-
geologic units, in boxplots and plotting of individual values 
presented in appendixes 7-1 to 7-4; however, the reader should 
note that selected constituents are only plotted for samples 
from hydrogeologic units with three or more values. In some 
cases where less than three values were available for a given 
hydrogeologic unit-constituent combination, the values were 
grouped with other hydrogeologic units for plotting purposes.

Quaternary Hydrogeologic Units
Quaternary unconsolidated deposits that contain hydro-

geologic units in the county include alluvium and colluvium 
sediment, landslide deposits, dune sand (eolian), lacustrine 
sediments, glacial deposits, and terrace gravels (Welder and 
McGreevy, 1966, sheet 3; Lowry and others, 1973, sheet 3; 
Love and Christiansen, 1985). Quaternary unconsolidated 
deposits in Carbon County generally are less than 70 ft thick 
and occur only in about 16 percent of the land area of the 
county (fig. 18). In the rest of the county, bedrock is exposed 
at the surface (for example, mountain uplifts and basin mar-
gins) or is buried by a thin veneer of soil (for example, central 
basin areas). Locations of samples collected from aquifers in 
Quaternary hydrogeologic units are shown on figure 18.

Alluvium and colluvium
Alluvium and colluvium can be found in major drain-

ages of the county, such as the North Platte River, Little Snake 
River, Medicine Bow River, and Rock Creek. This sediment 
also is found in minor drainages, such as Brush Creek, Sage 
Creek, Muddy Creek, Savery Creek, and many others (fig. 18) 
(Love and Christiansen, 1985). These surficial deposits consist 
of silt, sand, and gravel, with coarser materials and cobbles 
occurring near the mountains (Berry, 1960; Harshman, 1972; 
Lowry and others, 1973). Lowry and others (1973, sheet 3) 
indicated that alluvium and colluvium generally are 10 to 20 ft 
thick in the Hanna and Shirley Basins and surrounding areas, 
with a maximum reported thickness of 100 ft along Rock 
Creek. Welder and McGreevy (1966, sheet 3) indicated that 
alluvium and colluvium range in thickness from 0 to 50 ft in 
the Great Divide and Washakie Basins. Alluvium and col-
luvium may be a source of sand and gravel for construction 
materials (Harris and Meyer, 1986; Harris, 1996).

Alluvium in Carbon County can contain alluvial aqui-
fers where saturated. In Carbon County, alluvial aquifers are 
local, unconfined aquifers that have a small areal extent along 
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streams. Alluvial aquifers generally are in hydraulic connec-
tion with streams. Huntoon and others (1993) indicated that 
alluvium along the Little Snake River is in direct connection 
with the stream. Many wells are installed in the alluvium 
of the Little Snake River Valley and Richter (1981, p. 48) 
reported that yields for wells completed in alluvial aquifers 
commonly range from 25 to 50 gallons per minute (gal/min). 
Well yields are directly related to the size and sorting of mate-
rials comprising the deposits, as well as the saturated thickness 
of the deposits. Recharge to alluvial aquifers is from direct 
precipitation on the deposits and streamflow. Ground-water 
flow in most alluvial aquifers is towards streams or in the 
direction of streamflow.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. Eleven 
measurements of well yields for pumped wells ranged from 1 
to 800 gal/min with a median yield of 5 gal/min. Three mea-
sured discharges for springs ranged from 1 to 30 gal/min, with 
a median discharge of 15 gal/min.

The chemical composition of ground water in alluvial 
aquifers in Carbon County was characterized and the quality 
evaluated on the basis of new and historical samples collected 
from wells and springs. TDS concentrations for all samples 
were fresh except for one well completed in the alluvial 
aquifers, which was classified as moderately saline (fig. 19A). 
Calcium was the predominant cation in most samples, and 
bicarbonate was the predominant anion in most samples. The 
water that was classified as moderately saline was a sodium-
sulfate type. Hardness ranged from soft to very hard, although 
most water was classified as very hard.

Concentrations of some characteristics and constituents 
in alluvial aquifers approached or exceeded applicable USEPA 
or State of Wyoming water-quality standards and could limit 
the suitability of waters for some intended uses. Compared to 
health-based standards, all waters were suitable for domestic 
use with the exception of concentrations of one constituent in 
five samples: radon (proposed 300-picocuries per liter (pCi/L) 
MCL exceeded in 5 of 6 samples) (appendixes 7-1 to 7-4). 
Some aesthetic standards for domestic use were exceeded 
by concentrations of some characteristics and constituents, 
including TDS (SMCL exceeded in 13 of 25 samples), sulfate 
(SMCL exceeded in 5 of 25 samples), and iron and manganese 
(SMCLs exceeded in 1 of 3 samples).

In relation to suitability for agricultural and livestock 
use, values of three measured characteristics and constitu-
ents exceeded State of Wyoming agricultural and livestock-
use standards (appendixes 7-1 to 7-4). Many characteristics 
and constituents were measured at concentrations greater 
than agricultural-use standards and included TDS (standard 
exceeded in 4 of 25 samples); SAR (standard exceeded in 1 of 
17 samples); sulfate (standard exceeded in 10 of 25 samples); 
chloride (standard exceeded in 1 of 24 samples); iron and 
manganese (standards exceeded in 1 of 3 samples). Water 
from some of the alluvial aquifers was unsuitable for livestock 
use and one characteristic and one constituent were measured 

at concentrations greater than livestock standards: TDS and 
sulfate (standards exceeded in 3 of 25 samples).

Landslide deposits
Landslide deposits throughout the county have been 

mapped (Case and others, 1998). Because of mapped scale 
and limited areal extent, the deposits can not be seen in figure 
18. Composition, size, and distribution of the material pres-
ent depends on the source formation. Berry (1960) indicated 
a thickness range of 0 to 200 ft in the Rawlins area. He also 
indicated that while the deposits do not yield water to wells, 
small springs commonly occur at the base of the deposits.

No wells are known to be completed in landslide deposits 
in Carbon County. One spring was inventoried in the USGS 
NWIS database and the measured discharge was 5 gal/min.

The chemical composition of ground water in landslide 
deposits in Carbon County was characterized and the quality 
evaluated on the basis of only one water sample from a spring. 
Based on the TDS concentration, the water was classified as 
fresh (fig. 19B). The sample was a calcium-bicarbonate type 
water (fig. 19B). Hardness was very hard. Based on the few 
analyses available for this spring, the water generally was suit-
able for domestic, agricultural, and livestock use.

Dune sand (eolian) deposits
Eolian sand and loess deposits (dune sand) are found 

in northwestern and southern parts of the county (Love 
and Christiansen, 1985) (fig. 18). The largest area of dunes 
consists of the Ferris and Seminoe dune fields in the north-
western part of the county near Lamont and Ferris (fig. 2). 
The Sand Hills occur north of Baggs in the southwestern 
part of the county. Dune composition can range from clay to 
coarse sand, but is primarily well sorted fine-grained sand 
in the large dunes (Lowry and others, 1973; Gaylord, 1982, 
1989). The primary source for the Ferris and Seminoe dunes 
is the Eocene-age Battle Spring Formation to the west, with a 
secondary source being the Killpecker dune field that is west 
of the Battle Spring Basin in Sweetwater County (Gaylord, 
1982, 1989). The Cretaceous and Paleocene rocks exposed 
along the Lost Soldier divide also contributed a minor amount 
of material to the dunes (Gaylord, 1982). The dunes develop 
in regions characterized by cool annual temperatures, low pre-
cipitation, and persistent strong winds (Gaylord, 1989). These 
deposits range in thickness from 0 to about 140 ft in the Ferris 
and Seminoe dune fields (Rioux and Staatz, 1974; Gaylord, 
1989, p. 270). Dune sand deposits may be a source of sand for 
construction materials (Harris and Meyer, 1986; Harris, 1996).

Dune sand deposits are not widely used as a source of 
water in Carbon County and few wells are completed in the 
deposits. Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. Two 
measurements of well yields for pumped wells were 2 and 3 
gal/min. Two measured discharges for springs were 1 and 20 
gal/min. Richter (1981) reported well and spring yields rang-
ing from 1 to 20 gal/min for dune sand deposits south of the 
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Ferris Mountains (assumed to be Ferris and Seminoe Dune 
Fields) and Green Mountains.

The chemical composition of ground water in dune sand 
deposits in Carbon County was characterized and the quality 
evaluated on the basis of historical samples collected from 
two wells and three springs. TDS concentrations indicated 
that water was either fresh or slightly saline (fig. 19C). The 
samples that were classified as fresh were mixed cation-bicar-
bonate water types. The water classified as slightly saline was 
sodium-bicarbonate type. Hardness ranged from hard to very 
hard. Based on the few analyses available, most water gener-
ally was suitable for domestic, agricultural, and livestock use.

Playa lake and other lacustrine deposits
Playa lake and other lacustrine deposits in Carbon County 

are found mainly in the Great Divide and Washakie Basins, 
but a few deposits occur north and east of the Rawlins Uplift 
in the Lost Soldier-Separation Flats area (Gaylord, 1982; 
Case and others, 1998). Welder and McGreevy (1966, sheet 
3) described the lacustrine deposits in the Great Divide Basin 
as being clay, silt, and sand that is less than about 25 ft thick 
and unlikely to yield usable ground water in most areas. The 
deposits in the Separation Flats area (Ferris-Seminoe dune 
field) may be a source of sodium salt evaporites (Harris and 
others, 1985).

Because of limited areal extent and thickness, and lack of 
hydrogeologic and water-quality data, the playa lake and other 
lacustrine deposits in Carbon County were not assessed as a 
part of this study.

Glacial deposits
Glacial deposits (fig. 18) can be found in the Sierra 

Madre and Medicine Bow Mountains (fig. 2) (Love and Chris-
tiansen, 1985). Lowry and others (1973, sheet 3) described 
these materials as poorly sorted silt, sand, gravel, and boul-
ders. These deposits may be a source of sand and gravel con-
struction materials (Harris and Meyer, 1986; Harris, 1996).

Few wells are completed in glacial deposits in Carbon 
County. Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study, but no 
measurements were available for glacial deposits in Carbon 
County.

The chemical composition of ground water in glacial 
deposits in Carbon County was characterized and the quality 
evaluated on the basis of only one historical water sample. 
Based on the dissolved-solids concentration, the water was 
classified as fresh (fig. 19D). The sample was a calcium-bicar-
bonate type water (fig. 19D). Hardness was soft. Based on the 
few analyses available for this well, the water generally was 
suitable for domestic, agricultural, and livestock use.

Terrace gravels
Terrace deposits can be found along uplands border-

ing principal streams of the county (Love and Christiansen, 
1985). Because of mapped scale and limited areal extent, the 
deposits can not be seen in figure 18. They are composed of 
sand, gravel, cobbles, and some boulders derived from older 
sedimentary and crystalline rocks (Dobbin, Bowen, and Hoots, 
1929; Dobbin, Hoots, and others, 1929; Lowry and others, 
1973). Lowry and others (1973, sheet 3) indicated that the 
deposits generally are less than 20 ft thick in the Hanna and 
Shirley Basins and surrounding areas. They noted that thick-
nesses greater than 100 ft are known. These deposits may be 
a source of sand and gravel construction materials (Harris 
and Meyer, 1986; Harris, 1996). Some of these deposits are 
saturated and can produce enough water locally for stock or 
domestic use.

Terrace gravel in Carbon County generally is unsaturated 
“except in areas of recharge from irrigation water” (Lowry 
and others, 1973, sheet 3). Because of limited areal extent and 
thickness, lack of saturation, and lack of hydrogeologic and 
water-quality data, terrace gravels in Carbon County could not 
be assessed as a part of this study.

Quaternary-Tertiary conglomerate
Quaternary-Tertiary conglomerate (“Giant conglomerate” 

on fig. 10) is located in two locations in the Medicine Bow 
Mountains of Carbon County. One is on Kennaday Peak and 
the other is in secs. 14 and 23, T. 17 N., R. 78 W. (fig. 18). 
Love and Christensen (1985) described the deposits as giant 
granite boulders in an arkose matrix. These deposits may be a 
source of gravel for construction materials (Harris and Meyer, 
1986; Harris, 1996).

Because of limited areal extent and thickness, and lack of 
hydrogeologic and water-quality data, the Quaternary-Tertiary 
conglomerate in Carbon County was not assessed as a part of 
this study.

Tertiary Hydrogeologic Units
Tertiary hydrogeologic units (fig. 18) composed of 

sedimentary rock contain the most abundant and widely used 
shallow aquifers in Carbon County. They occur in almost 
40 percent of the land area of the county. Water quality in 
these aquifers is highly variable, in part reflecting the complex 
geology of the Tertiary hydrogeologic units in the county.

Tertiary hydrogeologic units in the western part of 
Carbon County comprising the eastern boundary of the Great 
Divide and Washakie Basins are part of a large, regional, 
multiaquifer system known as the Upper Colorado Regional 
Aquifer System. Many of these formations receive recharge in 
Carbon County. Locations of samples from aquifers in Tertiary 
hydrogeologic units are shown on figure 18.

42    Water Resources of Carbon County, Wyoming



Muddy

Cre e
k

Cr

Cre ek

Creek

C
re

ek

San
d

C
re

ek

St
on

e

Hurt

C
re

ek
 

C
re

 ek

C
or

ra
lDeweese

Cre e
k

C
re

 ek

C
re

ek

D
it

ch

M
ed

ic
in

e
Bo

w
R

iv
er

River Bow

L
it

tl
e

Med

ici
ne

N
or

th

M
id

dl
e

D
it

ch

D
it

ch

Big

Cre e
k

S
ay

lo
r

A
us

tin

Lo
st

Sa
ge

Cre
ek

C
re

ek
 

C
re

ek
 

C
re

ek

Cre ek

Cr

Sa
nd

C
r

Cre
ek

Little

Bow

M
ed

ici
ne

R
S

pr
in

g

Dry

Muddy

Muddy

Difficu
lty

C
re

ek
 Cr

Sl
ed

ge

Stinking

C
o

an
y

n

Arkan

sa
s

Cree
k

Pete

Cherry

Whiskey
S

ep
ar

at
io

n
L

ak
e

C
re

ek

S
a

ep
ar

tio
n

Cre
ek

 
M

ar
ys

Creek 

Cr
e e

k
Cr

ee
k 

Cr

C
r

D
ry D
ee

r
La

ke

C
ed

ar
C

re
 ek

C
re

 ek

Fr
en

ch

Brush

Pass

Pa
ss

C
re

 ek

C
re

ek
 

Creek

Rock

Nor
th

SoFk Fk

Foote

Creek

Mule

D
ra

w
Ta

yl
or

Sain
t

North

Pl
at

te

Plat
te

Nor
th

Rive
r

R
iv

er

Su
ga

r

Fi
llm

or
e

Sp
rin

gs

Dra
w

C
re

ek

Dee
p

C
re

 ek
Cre e

k

Red

L
itt

le

Snak
e

R
iv

er

BarrelC
W

oa
l

n
B

a
k

as
h

C
re

ek
 

Se
pa

ra
tio

n
Cre

 ek

Cre e
k

M
cK

in
n

ey

Cre e
k

C
r C

re
ek

 

C
re

ek
 

Roaring

Fo
rk

River

Encampment

N
or

th
Fo

rk

Battle

Cree
k 

Saver
y

Sa
nd

st
on

e

Sa
nd

st
on

e
Bi

g L
it

tl
e

Save
ry

Little

Cr
ee

k 

C
re

ek

Cr
ee

k 

Cr

Cow

C
ow

C
re

 ek
W

ild

C

he

ro
ke

e

DryM
ud

dy

Muddy

C
re

 ek

M
ill

er

Cre
ek

 Creek

Cre
 ek

Jack

C
r

C
ow

Cr
e e

k

Cre e
k

C
re

ek

Big

Sprin
g

C
re

ek
 

Cree
k

C
re

ek

Nor
th

Sp
rin

g

Sp
rin

g Ca
lf

South

Ja
ck

L
it

tl
e

Sage

R
as

m
us

se
n

C
re

 ek

D
ra

w D
ra

w
Draw

Sm
ith H

ug
us Ir
on

 
Sp

rin
gs

L
it

tl
e

S
ag

e

Draw

Sprin
gs

Cold

D
ry

 L
ak

e 

H
og

ba
ck

 L
ak

e

T
he

 L
ak

es
 

E
as

t
A

lle
n

L
ak

e

M
ed

i
i c
ne

M
ed

ici
ne Bow Rive

r

BowRiver

K
in

dt
R

es
er

vo
ir

P
ie

rc
e 

R
es

er
vo

ir

   
 B

os
le

r 
R

es
er

vo
ir

Fi
ve

-
m

ile
L

ak
e

E
ig

ht
m

ile
L

ak
e

G
ov

er
nm

en
t 

 R
es

er
vo

ir
 

Fo
rk

Fo
rk

North

E
as

t

H
og

 P
ar

k 
R

es
er

vo
ir

 S
ar

at
og

a 
L

ak
e

S
an

d
L

ak
e

Tu
rp

in
 

R
es

C
re

 ek

Cow

P
at

hf
in

de
r

R
es

er
vo

ir

S
em

in
oe

   
  R

es
er

vo
ir

 

13
0

W
Y

O
M

IN
G

C
O

LO
R

A
D

O

E
nc

am
p
m

en
t

B
ag

gs

M
ed

ic
in

e
B

ow

S
ar

at
og

a

R
aw

lin
s

S
in

cl
ai

r

H
an

na

M
ud

dy
 G

ap
 

23
0

73

13

70

78
9

48
7

77

22
0

30 28
7

Ba
se

 m
od

ifi
ed

 fr
om

 U
.S

. B
ur

ea
u 

of
 th

e 
Ce

ns
us

 d
ig

ita
l d

at
a,

 2
00

1 
Pu

bl
ic

 la
nd

 s
ur

ve
y 

sy
st

em
 fr

om
 W

yo
m

in
g 

W
at

er
 R

es
ou

rc
es

 C
en

te
r d

ig
ita

l d
at

a,
 1

99
4 

La
m

be
rt 

Co
nf

or
m

al
 C

on
ic

 p
ro

je
ct

io
n 

Hy
dr

og
ra

ph
y 

m
od

ifi
ed

 fr
om

 U
SG

S 
N

at
io

na
l H

yd
ro

gr
ap

hy
 D

at
as

et
 (N

HD
) d

ig
ita

l d
at

a,
 1

99
9 

St
an

da
rd

 p
ar

al
le

ls
 4

1°
 a

nd
 4

2°
, c

en
tra

l m
er

id
ia

n 
-1

06
°4

5 28
7

28
7

I-8
0

I-8
0

48
7

0
5

0
5

10
15

20
 M

IL
ES

 
15

10

20
 K

IL
OM

ET
ER

S 

T.
 

28 N
.

T.
 

27 N
. T.
 

26 N
. T.
 

25 N
. T.
 

24 N
. T.
 

23 N
. T.
 

22 N
. T.
 

21 N
. T.
 

20 N
. T.
 

19 N
. T.
 

18 N
. T.
 

17 N
.

R
. 7

8 
W

. 
R

. 7
9 

W
. 

R
. 8

0 
W

. 
R

. 8
1 

W
. 

R
. 8

2 
W

. 
R

. 8
3 

W
. 

R
. 8

4 
W

. 
R

. 8
5 

W
. 

R
. 8

6 
W

. 
R

. 8
7 

W
. 

R
. 8

8 
W

. 
R

. 8
9 

W
. 

R
. 9

0 
W

. 
R

. 9
1 

W
. 

R
. 9

2 
W

. 
R

. 9
3 

W
. 

T.
 

16 N
. T.
 

15 N
. T.
 

14 N
. T.
 

13 N
. T.
 

12 N
.

Ge
ol

og
y 

m
od

ifi
ed

 fr
om

 L
ov

e 
an

d 
Ch

ris
tia

ns
en

,1
98

5 

E
X

P
LA

N
A
T
IO

N
 

Te
rt

ia
ry

 s
ed

im
en

ta
ry

 a
nd

 i
gn

eo
us

 r
oc

ks
 

B
as

al
t f

lo
w

s 
an

d 
in

tr
us

iv
e 

ig
ne

ou
s 

ro
ck

s 

U
nd

iff
er

en
tia

te
d 

M
io

ce
ne

 r
oc

ks
 

B
ro

w
ns

 P
ar

k 
Fo

rm
at

io
n 

Lo
w

er
M

io
ce

ne
 r

oc
ks

 

Sa
nd

st
on

e 
an

d 
co

ng
lo

m
er

at
e 

(p
os

t-E
oc

en
e)

 

W
as

ha
ki

e 
Fo

rm
at

io
n 

W
ag

on
 B

ed
 F

or
m

at
io

n 

G
re

en
 R

iv
er

  
La

ne
y 

M
em

be
r 

Fo
rm

at
io

n-
- 

G
re

en
 R

iv
er

 F
or

m
at

io
n-

-T
ip

to
n 

Sh
al

e 
M

em
be

r 

G
re

en
 R

iv
er

 F
or

m
at

io
n-

- L
um

an
 T

on
gu

e 

W
as

at
ch

 F
or

m
at

io
n-

- M
ai

n 
B

od
y 

W
in

d 
R

iv
er

 F
or

m
at

io
n 

C
oa

lm
on

t F
or

m
at

io
n 

(E
oc

en
e 

an
d 

P
al

eo
ce

ne
) 

H
an

na
 F

or
m

at
io

n 

Fo
rt

 U
ni

on
 F

or
m

at
io

n 

W
hi

te
 R

iv
er

 F
 or

m
at

io
n 

Fe
rr

is
 F

 or
m

at
io

n 

G
ro

un
d-

w
at

er
 q

ua
lit

y 
sa

m
pl

e 
co

lle
ct

ed
 a

s 
pa

rt
 

  o
f t

hi
s 

st
ud

y 
or

 h
is

to
ric

al
 g

ro
un

d-
w

at
er

 q
ua

lit
y 

  s
am

pl
e 

fr
om

 U
.S

. G
eo

lo
gi

ca
l S

ur
ve

y 
(U

SG
S)

 
  N

at
io

na
l W

at
er

 In
fo

rm
at

io
n 

Sy
st

em
 (N

W
IS

) 
  d

at
ab

as
e 

H
is

to
ric

al
 g

ro
un

d-
w

at
er

 q
ua

lit
y 

sa
m

pl
e 

fr
om

  U
SG

S 
P

ro
du

ce
d 

W
at

er
s 

D
at

ab
as

e

H
is

to
ric

al
 g

ro
un

d-
w

at
er

 q
ua

lit
y 

sa
m

pl
e 

fr
om

  U
ni

ve
rs

ity
 o

f W
yo

m
in

g 
W

at
er

 R
es

ou
rc

es
  D

at
a 

Sy
st

em
 (W

R
D

S)
 d

at
ab

as
e

H
is

to
ric

al
 g

ro
un

d-
w

at
er

 q
ua

lit
y 

sa
m

pl
e 

fr
om

  W
yo

m
in

g 
O

il 
an

d 
G

as
 C

on
se

rv
at

io
n 

C
om

m
is

si
on

   
da

ta
ba

se

  W
hi

te
 R

iv
er

 F
or

m
at

io
n-

-u
pp

er
 c

on
gl

om
er

at
e 

  m
em

be
r 

A
llu

vi
um

 a
nd

 c
ol

lu
vi

um
 

G
ra

ve
l, 

pe
di

m
en

t, 
an

d 
fa

n 
de

po
si

ts
 

G
la

ci
al

 d
ep

os
its

 

La
nd

sl
id

e
de

po
si

ts

D
un

e 
sa

nd
 a

nd
 lo

es
s 

P
la

ya
 L

ak
e 

an
d 

ot
he

r 
la

cu
st

rin
e

de
po

si
ts

U
nd

iv
id

ed
 a

nd
 s

ur
fic

ia
l  d

ep
os

its

Q
ua

te
rn

ar
y-

Te
rt

ia
ry

 G
ia

nt
 C

on
gl

om
er

at
e

T
bpT
bf T
m

T
m

l

Tu
 

Tw
a 

Tw
b 

T
gl

T
gt

B
at

tle
 S

pr
in

g 
Fo

rm
at

io
n 

T
bs T
fu

Tw
r 

T
gl

u

T
co

Tw
m

 

T
ha

Tw
dr

 

Q
a

Q
t

Q
g

Q
ls

Q
s

Q
l

Q
u

Q
T

c

Q
ua

te
rn

ar
y 

ro
ck

s 
an

d 
un

co
ns

ol
id

at
ed

  
 d

ep
os

it
s

W
as

at
ch

 F
or

m
at

io
n-

-C
at

he
dr

al
 B

lu
ffs

 T
on

gu
e 

Tw
c 

C
on

ta
ct

G
ro

un
d-

w
at

er
 q

ua
lit

y 
sa

m
p
le

 l
oc

at
io

n 
  
 a

nd
 d

at
a 

so
ur

ce
 

T
K

f

Tw
ru

 

Tw
ru

 

Tw
ru

 

Tw
r 

Tw
r 

Tw
m

 

Tw
dr

 

Tw
c 

Tw
b 

Tw
b 

Tw
b 

Tw
a 

Tu
 

T
bp

T
bp

T
bp

T
m

l

T
bp

T
bp

T
m

T
bp

T
K

f

T
ha

T
ha

T
gt

T
gl

u

T
gl

T
fu

T
fu

T
co

T
bs

T
bf

Q
u

Q
T

c

Q
t

Q
t

Q
t

Q
t

Q
s

Q
s

Q
s

Q
ls

Q
ls

Q
l

Q
l

Q
g

Q
g

Q
g

Q
a

Q
a

Q
a

Q
a

Q
a

T
bp

Q
a

Q
a

Q
s

T
m

T
m

T
bp

T
bp

T
bp

Q
a

T
ha

T
ha

T
ha

T
ha

T
ha

Q
a

T
K

f

T
m

T
m

T
m

Q
t

Q
t

Q
s

Q
s

Q
t

Ground Water    43

Fi
gu

re
 1

8.
 

Gr
ou

nd
-w

at
er

 q
ua

lit
y 

sa
m

pl
e 

lo
ca

tio
ns

 a
nd

 C
en

oz
oi

c 
ro

ck
s 

in
 C

ar
bo

n 
Co

un
ty

, W
yo

m
in

g.



Figure 19.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in Quaternary hydrogeologic units, Carbon County, Wyoming.
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Upper Tertiary hydrogeologic units
Whitehead (1996, p. 111) reported that aquifers in upper 

Tertiary hydrogeologic units (Pliocene and Miocene age) are 
less extensive than aquifers in lower Tertiary hydrogeologic 
units (Oligocene, Eocene, and Paleocene age), but com-
monly have greater permeability and are important sources 
of water. Undifferentiated rocks and the Browns Park Forma-
tion (fig. 18) of Miocene age occur in about 20 percent of the 
count. Bradley (1964, p. A56) reported that because younger 
Tertiary rocks in southwestern Wyoming are: (1) prevail-
ingly white or very light colored; (2) generally tuffaceous and 
sandy; and (3) lacking in diagnostic fossils, a variety of opin-
ions about their identity, geologic age, and correlations exists.

Undifferentiated Miocene rocks

Different names have been applied to the upper Tertiary 
rocks (fig. 18) of northern Carbon County, leading to confu-
sion in the nomenclature of the area (fig. 8) (Snoke, 1993, 
p. 35-36). Love and Christiansen (1985) showed undifferenti-
ated Miocene rocks in the northern part of the county (fig. 18). 
McGrew (1951, p. 56) suggested that the deposits that covered 
much of Carbon County comprise the Browns Park Formation. 
He suggested that lithologic differences between the Sweetwa-
ter Arch/Granite Mountains area and southern Carbon County 
are attributable to different local sediment sources. Pipiringos 
(1955, 1961) referred to rocks of McGrew’s (1951) deposi-
tional sheet that have remnants left in the north-central part of 
the Great Divide Basin as Browns Park Formation.

In the Granite Mountains, Love (1961) named the undif-
ferentiated Miocene rocks the Moonstone (Pliocene-age) and 
the Split Rock (Miocene-age) Formations. The name Split 
Rock was discontinued by Denson (1965). Denson (1965) 
used the name Ogallala Formation (Pliocene and late Miocene-
age) to replace the Moonstone Formation and the upper part of 
the Split Rock Formation. He also used the Arikaree (middle 
and early Miocene-age) and the upper part of the White River 
(late Oligocene-age) Formations to replace the lower part of 
the Split Rock Formation. The Split Rock Formation of Love 
(1961) was mapped as Ogallala Formation by Denson and 
Harshman (1969) and by Lowry and others (1973). Whitcomb 
and Lowry (1968) mapped the unit as Moonstone and Arika-
ree Formations. Jason Lillegraven (University of Wyoming, 
written commun., 2004) noted that the use of Ogallala and 
Arikaree is unjustified because of the “hundreds of miles of 
no exposures and involving very different kinds of lithologic 
characteristics” between central Wyoming and the Nebraska 
type localities for those names. Love and others (1993) have 
assigned the age of the Arikaree Formation to early Miocene 
and late Oligocene and the age of the Ogallala Formation to 
late Miocene. Because of the disagreement in the naming con-
ventions in the area, this report refers to rocks of the Granite 
Mountains area as undifferentiated Miocene rocks.

In the Granite Mountains area, the undifferentiated 
Miocene rocks (Split Rock Formation of Love (1961, 1970); 
Ogallala Formation of Denson (1965)) are gray to white 

sandstone, siltstones, and tuff that contain white pumicite beds 
and white pumiceous limestone ledges (Denson, 1965). These 
rocks grade mountainward into sandstones, conglomerates, 
and gravels. The coarser facies includes a conglomerate con-
taining chalcedony pebbles (Love, 1961). The rocks contain a 
large percentage of volcanic ash. The formation probably was 
deposited by a combination of fluvial, lacustrine, and eolian 
processes. This unit is a potential source of agate and abrasive 
pumice (Harris and others, 1985; Harris and Meyer, 1986; 
Harris, 1996).

The undifferentiated Miocene rocks in the Shirley Basin 
area consist of tuffaceous siltstone, sandstone, conglomerate, 
and limestone (Arikaree Formation of Denson (1965); Harsh-
man, 1968, 1972; Denson and Harshman, 1969). The deposits 
were formed by a combination of fluvial, lacustrine, and eolian 
processes. Most of the deposits were removed by erosion dur-
ing the Quaternary period, but Denson (1965) estimated that 
lower and middle Miocene rocks in Central Wyoming were 
approximately 1,000 ft thick. Harshman (1972) mapped a total 
thickness of as much as 180 ft in the Shirley Basin.

The upper Tertiary rocks (fig. 18) of the Rawlins Uplift 
have not been mapped with a formal name. Berry (1960) noted 
that at one time the Browns Park Formation covered the Raw-
lins area, but he did not correlate the Browns Park Formation 
that is south of Rawlins to the Miocene and Pliocene rocks 
on the eastern part of the Rawlins Uplift. Berry (1960) and 
Welder and McGreevy (1966) considered upper Tertiary rocks 
of the Rawlins Uplift to be of Pliocene and Miocene age. Love 
and Christiansen (1985) defined the rocks as Miocene age, 
because of a change in the Miocene age definition. Love and 
others (1993) defined the rocks as the Split Rock Formation of 
Miocene age. Jason Lillegraven (University of Wyoming, writ-
ten commun., 2004) suggested that because of lithologic con-
tinuity, the name Browns Park Formation should be applied to 
these exposures. Because the name Split Rock Formation has 
been abandoned, this report refers to these units as undifferen-
tiated Miocene rocks.

According to Berry (1960), the Miocene rocks of the 
Rawlins Uplift consist of gray to brown sandstone with lenses 
and beds of conglomerates. The sandstone can be tuffaceous, 
calcareous (ranging from calcareous sandstone to sandy 
limestone), and cross-bedded. The conglomerates have chert 
and quartz pebbles, with sporadic Precambrian cobbles. The 
basal conglomerate has Precambrian, Paleozoic, and Meso-
zoic-derived pebbles, cobbles, and boulders in a matrix of 
fine-to coarse-grained yellow-brown sandstone that is calcare-
ous to partly tuffaceous. Berry (1960) also noted thin beds of 
tuffaceous light-gray limestone that had grains of chert, quartz, 
and feldspar, as well as some pebbles derived from Precam-
brian rocks. He noted a maximum thickness of approximately 
624 ft.

Berry (1960, p. 25) reported that undifferentiated Mio-
cene rocks in the Rawlins Uplift area “yield adequate water for 
domestic and stock use.” He also reported that the rocks were 
“sufficiently permeable to allow free movement of water, and, 
because the water table generally lies at a relatively shallow 
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depth, moderate to large amounts of water can be obtained 
from the thick saturated sections of the formation” (Berry, 
1960, p. 25-26).

The Wyoming Department of Economic Planning and 
Development (1982) reported the results of an aquifer test 
conducted in undifferentiated Miocene rocks (referred to as 
the Split Rock aquifer in the report, composed of the White 
River, Split Rock, and Ogallala Formations) north of the Ferris 
Mountains (T. 28 N., R. 86 W., sec. 16). The test was con-
ducted using one production well and three observation wells. 
Transmissivity at the three observation wells was estimated 
to be 12,285, 6,716, and 13,800 feet squared per day (ft2/d) 
with associated storage coefficients of 1.6x10−3, 4.4x10−3, and 
1.6x10−2, respectively. In addition, transmissivity was esti-
mated to be 10,720 ft2/d at the production well.

As part of a study of the Sweetwater River Basin, 
Borchert (1987) constructed a potentiometric map for aqui-
fers in undifferentiated Miocene rocks north of the Ferris and 
Seminoe Mountains and west of Pathfinder Reservoir. The 
potentiometric map (Borchert, 1987), reproduced in figure 20, 
shows that ground water in aquifers in the undifferentiated 
Miocene rocks generally flows to the north and northeast, 
away from the Ferris and Seminoe Mountains.

Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. Five 
measurements of well yields for pumped wells ranged from 
4 to 15 gal/min with a median yield of 6 gal/min. There were 
no measured discharges for springs from undifferentiated 
Miocene rocks.

The chemical composition of ground water in aquifers 
in the undifferentiated Miocene rocks in Carbon County was 
characterized and the quality evaluated on the basis of new 
and historical samples collected from wells and springs. TDS 
concentrations indicated that all but one water sample was 
fresh; the remaining sample was moderately saline (fig. 21A). 
Ionic compositions indicated that all but one sample were 
calcium-bicarbonate types (fig. 21A). The remaining sample, 
classified as moderately saline, was a calcium-sodium-sulfate 
water type. Hardness varied considerably and ranged from soft 
to very hard.

Concentrations of some characteristics and constituents 
in samples from aquifers in the undifferentiated Miocene rocks 
approached or exceeded applicable USEPA or State of Wyo-
ming water-quality standards and could limit the suitability 
of water for some intended uses. Most water was suitable for 
domestic use, but concentrations of two constituents exceeded 
health-based standards (appendixes 7-1 to 7-4): radon (pro-
posed 300-pCi/L MCL exceeded in both samples) and 
uranium (MCL exceeded in 1 of 2 samples). Some aesthetic 
standards for domestic use were exceeded by concentrations of 
some characteristics and constituents, including TDS (SMCL 
exceeded in 5 of 13 samples); sulfate (SMCL exceeded in 3 of 
13 samples); and chloride (SMCL exceeded in 1 of 13 sam-
ples).

In relation to suitability for agricultural and livestock 
use, concentrations of three constituents exceeded State of 

Wyoming agricultural-use standards and two exceeded State 
of Wyoming livestock standards (appendixes 7-1 to 7-4). 
Characteristics and constituents measured at concentrations 
greater than agricultural-use standards included TDS (stan-
dard exceeded in 1 of 13 samples); sulfate (standard exceeded 
in 3 of 13 samples); and chloride (standard exceeded in 1 of 
13 samples). In general, almost all water from aquifers in the 
undifferentiated Miocene rocks was suitable for livestock 
use because only one characteristic and one constituent were 
infrequently measured at concentrations greater than livestock 
standards: TDS and chloride (standards exceeded in 1 of 
13 samples).

Browns Park Formation

The Browns Park Formation occurs in the southern part 
of the county (fig. 18) (Love and others, 1993) and contains 
both fluvial and eolian deposits. Love and others (1985) 
showed the Miocene-age Browns Park Formation as well as 
the late Miocene-age North Park Formation. Vine and Prichard 
(1959) used the name “North Park (?) Formation” to describe 
the Miocene rocks of the Miller Hill area. No fossils were 
found to date the formation, and they felt it could be either 
the Browns Park Formation or the North Park Formation. 
Montagne (1991) combined the units as the Browns Park 
Formation because of the difficulty in establishing a map-
pable boundary between the two units. The hydrogeologic unit 
described herein includes the Browns Park Formation as well 
as the North Park Formation.

The Browns Park Formation of southern Carbon County, 
which includes the Browns Park aquifer, has varicolored (gray, 
green, tan, or white) calcareous to siliceous to tuffaceous silt-
stones and sandstones that contain white pumicite beds, white 
chalcedonic and algal lacustral limestone ledges, and shaly 
lacustrine rocks (Powell, 1876; Hansen, 1984; Honey and 
Izett, 1989; Montagne, 1991). Along the uplifts, there is usu-
ally a conglomerate layer (sometimes referred to as the “basal 
conglomerate”) primarily derived from Precambrian rocks in a 
cross-bedded calcareous sandy matrix (Powell, 1876; Hansen, 
1984; Honey and Izett, 1989; Montagne, 1991). The formation 
probably was deposited by a combination of fluvial, lacustrine, 
and eolian processes. The Browns Park Formation is as much 
as 2,500 ft thick in the Saratoga Valley (Montagne, 1991). 
This formation is a potential source for brick clay (there is an 
inactive quarry near Riverside) and zeolites (Harris and others, 
1985; Harris and Meyer, 1986; Harris, 1996). This formation 
is a source for uranium, with the major areas occurring at the 
Poison Basin Uranium District west of Baggs and the Ket-
chum Buttes Uranium District northeast of Baggs (Vine and 
Prichard, 1954, 1959; Harris and others, 1985; Harris, 1996).

The Browns Park aquifer is developed as a water sup-
ply for domestic, stock, and agricultural use. Sandstone and 
conglomerate units primarily yield water to wells completed 
in the aquifer. Most investigators consider the formation to 
contain one of the most important aquifers in Carbon County. 
The Browns Park aquifer in the county has been defined as a 
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Figure 21.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in upper Tertiary hydrogeologic units, Carbon County, Wyoming.
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EXPLANATION 

Total dissolved-solids concentration, in milligrams per liter,
  and U.S. Geological Survey salinity classification
  Less than 1,000; fresh
  1,000–3,000; slightly saline
  3,000–10,000; moderately saline

“major aquifer” (Kuhn and others, 1983) or “principal aquifer” 
(Richter, 1981). In the general vicinity of the Laramie, Shirley, 
and Hanna Basins (including Carbon County), Richter (1981) 
grouped the Browns Park Formation with other Tertiary-age 
formations into a single hydrogeologic unit defined as the 
“Tertiary aquifer.” The USGS also defined the aquifer as a 
“principal aquifer” (Whitehead, 1996) and referred to the 
aquifer as part of the “Wyoming Tertiary aquifers” category on 
the national Principal Aquifers map (U.S. Geological Survey, 
2003).

Variable spring discharges, well yields, and specific 
capacity have been reported or measured for the Browns Park 
aquifer. Visher (1952) reported discharges of 100, 500, and 
1,300 gal/min for three springs discharging in the Pass Creek 
Flats area (figs. 2 and 18); the high spring discharges were 
attributed to faults. Richter (1981) referred to the spring dis-
charging 1,300 gal/min as the “Lake Creek Spring” and noted 
that the spring has been developed by the Wyoming Game and 
Fish Department to supply water to the Saratoga Fish Hatch-
ery. Lowry and others (1973, sheet 3) reported yields of 500 to 
1,000 gal/min for wells completed in Tertiary hydrogeologic 

units in the Laramie, Shirley, and Hanna Basins, including 
the Browns Park Formation in Carbon County. In addition 
to interstitial permeability, Lowry and others (1973, sheet 3) 
noted that high yields reported for some wells and springs 
were likely attributable to development of secondary perme-
ability. Richter (1981) reported well yields ranging from 1 to 
300 gal/min, and Collentine and others (1981) reported well 
yields ranging from 2.5 to 30 gal/min. In the Saratoga Valley 
area (figs. 2, 18, and 22), wells yielding hundreds of gallons 
of water per minute are used for agriculture to supplement 
surface-water irrigation (Lenfest, 1986; Crist, 1990). Lowry 
and others (1973, sheet 3) attributed the high yields to the 
large saturated thickness of the formation in the area. Spring-
discharge and well-yield measurements from the USGS NWIS 
database were reviewed for this study. Fifty measurements of 
well yields for pumped wells ranged from 2 to 1,480 gal/min 
with a median yield of 25 gal/min. The yield for one flowing 
well was 16 gal/min. Fifteen measured discharges for springs 
ranged from 0 to 1,300 gal/min with a median discharge of 
40 gal/min.
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In the vicinity of the Miller Hill and upper Sage Creek 
areas south of Rawlins (figs. 2 and 18), medium to large 
springs supplied much of the water supply for the city of 
Rawlins. Consequently, Berry (1960, p.24) reported that “the 
Browns Park Formation is one of the best aquifers in the 
Rawlins area.” He noted that one spring flowed at a rate as 
high as 343 gal/min. Berry (1960, p. 24) attributed all spring 
flows to the “basal conglomerate” of the formation and noted 
that the springs “maintain the base (low) flow of streams in the 
southern part of the area.” Berry (1960, p. 24-25) speculated 
that the “basal conglomerate” of the Browns Park Formation 
in the area had much water production potential and noted 
that the upper part of the Browns Park Formation in the same 
area had the potential to “yield moderate to large supplies of 
water.” Subsequent investigation of the “basal conglomerate” 
in the same area has noted little potential for development 
of the unit in the same Miller Hill/upper Sage Creek area. 
Exploratory drilling indicated that the basal conglomerate was 
a poorer aquifer than the overlying upper part of the Browns 
Park Formation in the area, as low fluid losses and lithologies 
encountered during drilling indicated low permeability and 
poor yield for development as a public water supply (James M. 
Montgomery, Consulting Engineers, 1983, p. 3-11). In addi-
tion, upon review of earlier work by Vine and Prichard (1959), 
the investigators believed the springs actually discharge from 
the upper part of the Browns Park Formation, not the basal 
conglomerate as reported by Berry (1960). These springs are 
still an important part of the water supply for Rawlins, but 
wells have been drilled into other formations in the Rawlins 
Uplift area to provide additional water for the city (James M. 
Montgomery, Consulting Engineers, 1983, 1986, and refer-
ences therein).

Aquifer tests for wells completed in the Browns Park 
aquifer have been reported by several previous investigators. 
Lowry and others (1973, sheet 3) reported transmissivity of 
5,000 ft2/d from two aquifer tests and an estimate of 4,000 ft2/d 
based on “surface-and ground-water relations in the reach of 
the Encampment River between Encampment and Baggot 
Rocks.” Richter (1981) reported transmissivity from four aqui-
fer tests in the Saratoga Valley area. Transmissivity estimated 
from one test was 2,278 ft2/d, whereas both transmissivity 
and storage coefficients were estimated for the other three 
tests—reported transmissivity values were 1,742, 1,876, and 
1,206 ft2/d with associated storage coefficients of 0.01, 0.0015, 
and 0.001, respectively. Specific capacity from the four aquifer 
tests reported by Richter (1981) ranged from 7.2 to 11 gallons 
per minute per foot (gal/min/ft) of drawdown. Transmissiv-
ity values for the Browns Park aquifer west of the Saratoga 
Valley (west of R. 86 W.) appear to be lower than transmissiv-
ity values in the Saratoga Valley area (Collentine and others, 
1981). The investigators reported that transmissivity values 
ranged from about 13 to 201 ft2/d for 12 aquifer tests in the 
area (Collentine and others, 1981, appendix C, p. C-3). Spe-
cific capacity values calculated from these tests were low and 
ranged from 0.03 to 6.25 gal/min/ft of drawdown, although 10 
of 12 tests had less than 1 gal/min/ft of drawdown. Simons, Li, 

and Associates (1982) estimated transmissivity from aquifer 
tests conducted in wells in and near the town of Riverside, 
which is near Encampment (figs. 2 and 22). Transmissivity 
estimates for five wells ranged from 5 to 400 ft2/d, and associ-
ated storage coefficients ranged from 0.004 to 0.07. Howard, 
Needles, Tammen, and Bergendoff (1984) reported the results 
from one aquifer test in Encampment; transmissivity for this 
test was estimated to range from 56 to 100 ft2/d with an associ-
ated storage coefficient of 0.0006. Both Simons, Li, and Asso-
ciates (1982) and Howard, Needles, Tammen, and Bergendoff 
(1984) noted that the tests indicated that the aquifers were 
confined or semi-confined.

The direction of ground-water flow in the Browns Park 
Formation in the Saratoga Valley area is shown on poten-
tiometric maps by Lenfest (1986, plate 2) and Crist (1990, 
plate 2). Simons, Li, and Associates (1982) constructed a 
potentiometric map for part of the area mapped by Lenfest 
(1986) and Crist (1990), including the area near Encampment 
and Riverside. The interpreted direction of ground-water flow 
is similar in all three maps. The potentiometric map from 
Crist (1990) is reproduced in figure 22. Ground-water flow is 
assumed to be perpendicular to the water-level contours and 
the direction of “movement generally is from the edges of the 
valley toward the North Platte River” (Crist, 1990, p. 9). All 
investigators noted that aquifers in Quaternary unconsolidated 
deposits along streams were in hydraulic connection with the 
Browns Park aquifer, so they mapped both units as a single 
aquifer in the Saratoga Valley area.

Vine and Prichard (1959) collected samples from 
25 springs discharging from the Browns Park Formation 
(referred to as North Park Formation in the report) in the 
Miller Hill area. The investigators were evaluating the uranium 
potential of the formation in the area, so all samples were 
analyzed for uranium. Reported uranium concentrations for 
the 25 springs ranged from 2 to 14 μg/L.

The chemical composition of ground water in the 
Browns Park aquifer in Carbon County was characterized 
and the quality evaluated on the basis of new and historical 
samples collected from wells and springs. TDS concentra-
tions indicated that most water was fresh, although some water 
was slightly saline and one sample was moderately saline 
(fig. 21B). Ionic compositions indicated that although many 
different water types were represented, calcium and bicarbon-
ate were the most common ions (fig. 21B). In general, calcium 
and bicarbonate were the predominant ions in fresh water, 
whereas sodium and sulfate were predominant in slightly 
saline and moderately saline water. TDS and concentra-
tions of most ions (sodium, potassium, sulfate, chloride, and 
fluoride) significantly increased with increasing well depth 
(appendix 8). Hardness varied considerably and ranged from 
soft to very hard, although slightly more than one-half of 
samples were classified as very hard.

Concentrations of some characteristics and constituents 
in the Browns Park aquifer approached or exceeded applicable 
USEPA or State of Wyoming water-quality standards and 
could limit the suitability of water for some intended uses. 
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Most water was suitable for domestic use but concentrations of 
four constituents exceeded health-based standards (appendixes 
7-1 to 7-4): fluoride (MCL exceeded in 2 of 48 samples), arse-
nic (MCL exceeded in 2 of 7 samples), boron (proposed HAL 
exceeded in 1 of 42 samples), and radon (proposed 300‑pCi/L 
MCL exceeded in all seven samples). Aesthetic standards 
for domestic use were exceeded by more characteristics and 
constituents and more frequently and included pH (less than 
the SMCL lower limit in 1 of 22 samples); TDS (SMCL 
exceeded in 25 of 64 samples); sulfate (SMCL exceeded in 17 
of 65 samples); fluoride (SMCL exceeded in 4 of 48 samples); 
and manganese (SMCL exceeded in 4 of 17 samples).

In relation to suitability for agricultural and livestock 
use, concentrations of five characteristics and constituents 
exceeded State of Wyoming agricultural-use standards (appen-
dixes 7-1 to 7-4) and included TDS (standard exceeded in 3 of 
64 samples), SAR (standard exceeded in 2 of 50 samples), 
sulfate (standard exceeded in 20 of 65 samples), chloride 
(standard exceeded in 4 of 51 samples), and boron (standard 
exceeded in 1 of 42 samples). In general, almost all water from 
the Browns Park aquifer is suitable for livestock use because 
only two characteristics were infrequently measured at con-
centrations greater than livestock standards: pH (less than the 
lower limit standard in 1 of 22 samples) and TDS (standard 
exceeded in 1 of 64 samples).

Basalt flows and intrusive igneous rocks

There are only a few outcrops of basalt flows and 
intrusive igneous rocks in the county (Love and Christiansen, 
1985). All of the outcrops are east of Savery Creek (fig. 18). 
Water-supply potential for these rocks is limited, so basalt 
flows and intrusive igneous rocks in Carbon County were not 
assessed as a part of this study.

Lower Tertiary hydrogeologic units
Lower Tertiary hydrogeologic units occur at the surface 

(fig. 18) in almost 20 percent of the county. Lower Tertiary 
hydrogeologic units include the Oligocene-age White River 
Formation; the Eocene-age Washakie, Wagon Bed, Green 
River, Battle Spring, and Wasatch Formations; the Eocene- 
and Paleocene-age Coalmont Formation; the Paleocene-age 
Fort Union and Hanna Formations; and the Paleocene- and late 
Cretaceous-age Ferris Formation.

The stratigraphy of lower Tertiary rocks in the southwest-
ern part of the county is complicated where the rocks associ-
ated with Eocene Lake Gosiute (Green River and Wasatch For-
mations) are located. Lake-level oscillations through the early 
and middle Eocene Epoch led to a complicated intertonguing 
of lacustrine deposits with fluvial sediment. These oscillations 
also ultimately had an effect on the present day ground-water 
quality within the lacustrine deposits. During low lake levels, 
salts such as trona, nahcolite, shortite, dawsonite, and halite 
were deposited within the lacustrine sediment. The later dis-
solution of these salts into the ground water adversely affected 
its quality. During high lake stands, when a flow-through lake 

system existed, salts were not concentrated nor deposited in 
the lacustrine sediments.

White River Formation

The White River Formation, which contains the White 
River aquifer, occurs only in the northeastern part of Car-
bon County including the Shirley Basin (fig. 18) (Love and 
Christiansen, 1985). Harshman (1968, 1972) and Denson and 
Harshman (1969) showed the upper part of the formation to be 
interbedded light-tan to light-brown tuffaceous siltstone, sand-
stone, and conglomerate, and the lower part of the formation 
as light-pink to light-tan tuffaceous siltstone and claystone. 
Harshman (1968, 1972) noted that the basal layer in some 
areas is a red, brown, or green claystone and in other areas the 
layer is a tuff and sandstone. The upper part is of fluvial origin 
and the lower part is of fluvial and lacustrine origin. The upper 
and lower parts are separated by a short interval of non-depo-
sition (Harshman, 1968, 1972). The formation is as much as 
850 ft thick.

The White River Formation contains an important aquifer 
in the Shirley Basin, and Richter (1981, p. 54) defined the 
formation, along with the Wind River Formation, as a “prin-
cipal water-bearing unit in the Shirley Basin.” Richter (1981) 
also considered the formation to contain a “principal aquifer” 
and grouped the White River Formation with other formations 
of Tertiary age in the Laramie, Shirley, and Hanna Basins into 
a single hydrogeologic unit defined as the “Tertiary aquifer.” 
The USGS also defined the White River aquifer as a “princi-
pal aquifer” (Whitehead, 1996) and referred to the aquifer as 
part of the “Lower Tertiary aquifers” category on the national 
Principal Aquifers map (U.S. Geological Survey, 2003).

Harshman (1972) examined the ground-water hydrology 
and quality of aquifers in the White River, Wind River, and 
Wagon Bed Formations in the Shirley Basin because of the 
discovery of uranium in the Wind River Formation. As part of 
the study, potentiometric contours were constructed showing 
ground-water flow in the aquifers (reproduced with modifica-
tions in fig. 23). Aquifers in all three formations were mapped 
as a single aquifer in the area, inferring hydraulic connection 
among the formations in the area. Harshman noted that ground 
water in the White River aquifer, and in aquifers in the other 
formations, was unconfined and that shallow ground water in 
the White River aquifer was perched (fig. 23). He also stated 
that Spring Creek “is fed from and flows on a perched body 
of water” and that “it is a gaining stream with respect to the 
perched water, but it may be a losing stream with respect to 
the main body of ground water” (Harshman, 1972, p. 37). 
Harshman collected ground-water samples from eight springs 
discharging from the formation and all but three were in Car-
bon County; the remaining three samples were just outside the 
county but are included in the subsequent discussion because 
they are close to the county boundary and help to further char-
acterize waters from the aquifer in the area. TDS ranged from 
178 to 235 mg/L, and water was classified into two groups. 
Ground-water samples from the first group (group 1) were 
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collected near the base of the upper member of the formation 
and samples from the second group (group 2) were collected 
near the base of the lower member. Although ionic composi-
tion was similar in both groups, and bicarbonate was the pre-
dominant anion in both groups, Harshman (1972, p. 41) noted 
that water from the lower member (group 2) “contains more 
sodium, sulfate, and uranium and somewhat less phosphate 
than does that from the upper member.” Total radium concen-
trations ranged from less than 0.1 to 3.5±0.7 pCi/L, and ura-
nium concentrations ranged from 7.8±0.8 to 52±5 μg/L. One 
reported uranium concentration exceeded the USEPA uranium 
MCL (30 μg/L), although several other reported concentra-
tions approached but did not exceed the standard.

Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. 
Three measured discharges for springs ranged from 32 to 
440 gal/min, with a median discharge of 220 gal/min. The well 
yield for one pumped well was 50 gal/min.

The chemical composition of ground water in the White 
River aquifer in Carbon County was characterized and the 
quality evaluated on the basis of historical samples collected 
from wells and springs. TDS concentrations indicated that all 
samples were fresh water (fig. 24A). Ionic compositions indi-
cated that the water was calcium-bicarbonate type (fig. 24A). 
Hardness varied considerably and ranged from soft to very 
hard, although one-half of samples were classified as moder-
ately hard.

Based on the few characteristics and constituents ana-
lyzed, the quality of water from the White River aquifer was 
better than that from other Tertiary hydrogeologic units in 
Carbon County, assuming areas with known elevated concen-
trations of radionuclides are eliminated from the comparison 
(as described previously from Harshman (1972)). When this 
is done, no characteristics or constituents in the White River 
aquifer approached or exceeded applicable USEPA or State 
of Wyoming domestic, agriculture, or livestock water-quality 
standards (appendixes 7-1 to 7-4).

Washakie Formation

Only a small (approximately one-quarter mi2) outcrop 
of the Washakie Formation is present in southwestern Car-
bon County (T. 14 N., R. 93 W., section (sec.) 6 and T. 15 N., 
R. 93 W., sec. 31) (fig. 18) (Love and Christiansen, 1985). The 
Washakie Formation is composed of fluvial, middle and upper 
Eocene rocks in the Washakie Basin. According to Roehler 
(1973, p. 12), “the Washakie Formation is exposed in an area 
of about 680 mi2 in the central part of the Washakie Basin, 
where it has a maximum thickness of about 3,200 ft. The 
formation is principally a sequence of irregularly interbedded 
gray and green mudstone; gray, green, or brown tuffaceous 
and arkosic sandstone; and minor thin beds of tuff, limestone, 
conglomerate, shale, and siltstone.” Roehler (1973) divided the 
Washakie Formation into two members. He named the upper 
part (approximately 2,300 ft thick) the Adobe Town Member, 
and named the lower part (approximately 900 ft thick) the 

Kinney Rim Member. The two members are separated by a 
basin-wide unconformity, as well as by minor lithological dif-
ferences.

Because of limited areal extent and lack of hydrogeologic 
and water-quality data, the Washakie Formation in Carbon 
County was not assessed as a part of this study.

Wagon Bed Formation

The Wagon Bed Formation occurs only in the north-
eastern part of Carbon County (Love and Christiansen, 1985) 
and contains the Wagon Bed aquifer. Harshman (1968, 1972) 
and Denson and Harshman (1969) described the formation 
as light-tan to light-gray, very coarse-grained sandstone that 
is well cemented with a clay binder, and pale-green silicified 
claystone. Thin-bedded freshwater limestone is present in 
the lower part of the formation (Harshman, 1968, 1972). Van 
Houten (1964) reported that the formation was deposited on 
warm, humid, poorly drained lowlands, floodplains, and lakes 
of the middle and late Eocene Epoch. The formation is as 
much as 160 ft thick in the county.

Harshman (1972) examined the ground-water hydrology 
and quality of aquifers in the White River, Wind River, and 
Wagon Bed Formations in the Shirley Basin because of the 
discovery of uranium in the Wind River Formation. As part of 
the study, potentiometric contours were constructed showing 
ground-water flow in the aquifers (reproduced with modifica-
tions in fig. 23). Aquifers in all three formations were mapped 
as a single aquifer in the area, inferring hydraulic connection 
among the formations in the area. The potentiometric contours 
constructed near the Little Medicine Bow River show that the 
stream gains flow from the Wagon Bed Formation in the area 
(fig. 23). Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study, but 
no measurements were available for the Wagon Bed aquifer in 
Carbon County.

The chemical composition of ground water in the Wagon 
Bed aquifer in Carbon County was characterized and the qual-
ity evaluated on the basis of only three historical water-quality 
samples collected from springs. Dissolved-solids concen-
trations indicated that all water was fresh (fig. 24B). Ionic 
compositions indicated that all waters were calcium-bicarbon-
ate types (fig. 24B). Hardness ranged from moderately hard to 
very hard.

Based on the few characteristics and constituents ana-
lyzed, the quality of water from the Wagon Bed aquifer 
generally was better than that from aquifers in most Tertiary 
hydrogeologic units in Carbon County; however, water-qual-
ity samples were only available for three springs because of 
the limited areal extent of the formation in the county, and it is 
unknown how representative these three samples were of the 
aquifer. No characteristics or constituents in the Wagon Bed 
aquifer approached or exceeded applicable USEPA or State 
of Wyoming domestic, agricultural, or livestock water-quality 
standards (appendixes 7-1 to 7-4).
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Figure 24.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in lower Tertiary hydrogeologic units, Carbon County, Wyoming.
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Figure 24.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in lower Tertiary hydrogeologic units, Carbon County, Wyoming.—Continued
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EXPLANATION

Total dissolved-solids concentration, in milligrams per
   liter, and U.S. Geological Survey salinity classification
  Less than 1,000; fresh
  1,000–3,000; slightly saline
  3,000–10,000; moderately saline
  10,000–35,000; very saline
  More than 35,000; briny

Figure 24.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in lower Tertiary hydrogeologic units, Carbon County, Wyoming.—Continued
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Green River Formation

The Green River Formation was named by Ferdinand 
Vandiveer Hayden (1869, p. 90) for exposures along the Green 
River west of Rock Springs. The formation was deposited 
during the Eocene Epoch when Lake Gosiute was present in 
southwestern Wyoming. At its maximum extent, Lake Gosiute 
covered nearly all of Sweetwater County (Bradley, 1964, 
p. A36). Bradley (1964, p. A18) described the Green River 
Formation as “a huge lens of fine-grained generally calcare-
ous sedimentary rock embedded in a thick body of somewhat 
sandy mudstone that fills a large intermontane basin.” Roehler 
(1992, p. E45) reported that the depositional environments and 
composition of stratigraphic units in the basins of Lake Gos-
iute appear to be directly related to regional Eocene climate 
changes. The Green River Formation has been subdivided into 
five members and one tongue: the Laney, Godiva Rim, Wilkins 
Peak, Tipton Shale, and Farson Sandstone Members, and 
the Luman Tongue (Love and others, 1993). Roehler (1992, 
p. E45) reported that the Laney Member was deposited during 
a wet and hot climate, the Wilkins Peak Member was depos-
ited during a dry and hot climate, the Tipton Shale Member 
was deposited during a moist and warm and moist and hot 
climate, and the Luman Tongue was deposited during a moist 
and warm climate. The Farson Sandstone Member was depos-
ited at the same time as the Tipton Shale Member, but the 
member is present in the Green River Basin outside Carbon 
County (Love and others, 1993). The Laney Member, Tipton 
Shale Member, and Luman Tongue have exposures in Carbon 
County (Love and Christianson, 1985).

The Laney Member, which contains the Laney aquifer, 
was named by Schultz (1920, p. 27-28) from exposures along 
the Laney Rim (now called DeLaney Rim) in the Washakie 
Basin. The Laney Member occurs at or near the land sur-
face in the southwestern part of the county in a band around 
the margin of the Washakie Basin (fig. 18). Bradley (1961) 
described the Laney Member as a “massive to thinly laminated 
buff, gray, and brown, marlstone, shale, and muddy sandstone; 
white to brown tuff and tuffaceous sandstone; low grade to 
rich beds of oil shale and, in shore facies, algal deposits and 
oolite beds.” The Laney Member was deposited during a 
humid climate when Lake Gosiute was a freshwater lake with 
an outlet (Bradley, 1964, p. A2). The thickness ranges from 0 
to about 1,900 ft (Bradley, 1961).

In the county, the Tipton Shale Member occurs at or 
near the land surface in a thin band around the Washakie 
Basin (fig. 18). Bradley (1961) described the Tipton Shale 
Member as “soft brown to buff shale and organic marlstone 
in lower half-upper half chippy to flaky, light bluish gray 
organic marlstone in upper half; algal layers of great lateral 
extent are characteristic of middle part and shore facies.” The 
Tipton Shale Member was deposited when Lake Gosiute was 
a large fresh water lake with an outlet (Bradley 1964, p. A1) 
and the climate was either moist and warm or moist and hot 
(Roehler, 1992, p. E45). Welder (1968, sheet 2) and Welder 

and McGreevy (1966, sheet 3) reported that the Tipton Shale 
Member ranges in thickness from 0 to about 400 ft.

The Luman Tongue of the Green River Formation occurs 
at or near the land surface in a thin band around the north-
ern margin of the Washakie Basin (fig. 18). Bradley (1961) 
described the Luman Tongue as a “series of brown, flaky 
shale, oil shale, marlstone, carbonaceous shale, and limy 
sandstone beds that locally contain a few thin beds of coal.” 
According to Roehler (1992, p. E28-E29), the Luman Tongue 
was deposited mostly in a freshwater lake that occupied a 
trough on the north side of the Uinta Mountains. The lake was 
only 13 to 40 mi wide (north-south) just north of the Uinta 
Mountains, but it expanded eastward across the Rock Springs 
Uplift area, and was more than 60 mi wide in the Great Divide 
and Washakie Basins (Roehler, 1992, p. E29). The thickness 
of the tongue ranges from 0 to more than 400 ft, with a maxi-
mum recorded thickness of 455 ft having been measured in the 
southwestern Washakie Basin (T. 13 N., R. 100 W.) (Roehler, 
1992, p. E29).

As described previously, three members of the Green 
River Formation are present in Carbon County (the Laney, 
Tipton Shale, and Luman Tongue) and crop out in a small area 
in the Washakie Basin in the southwestern part of the county 
(fig. 18). Of the three members in Carbon County, the Laney is 
the only member considered an aquifer (Collentine and others, 
1981; Naftz, 1996); the Tipton Shale and Luman Tongue typi-
cally are defined as confining units. Few wells are completed 
in the formation in the county, so with the exception of a brief 
summary of yields of wells present in the county, hydrogeo-
logic characteristics will not be described herein because 
most information describing the formation is from outside the 
county. However, reports by previous investigators describe 
the hydrogeologic characteristics of the formation in areas 
outside the county in the Great Divide and Washakie Basins, 
so the reader is referred to Welder and McGreevy (1966), 
Collentine and others (1981), Taylor and others (1986), Naftz 
(1996), and Mason and Miller (2005).

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. The mea-
surement of well yield for one pumped well in the Green River 
Formation was 16 gal/min. The measured discharge for one 
spring discharging from the Laney aquifer was 1 gal/min.

The chemical composition of ground water in the Green 
River Formation in Carbon County was characterized and the 
quality evaluated on the basis of only one historical spring 
water-quality sample from the Laney Member and one new 
well water-quality sample from the Tipton Shale Member 
(appendix 6). Dissolved-solids concentrations indicated that 
both samples were moderately saline (figs. 24C and 24D). 
Ionic compositions indicated that both samples were sodium-
sulfate type (figs. 24C and 24D). Hardness for both samples 
was very hard. Based on the few analyses available for this 
spring, the water from the Laney aquifer generally was unsuit-
able for domestic, agricultural, and livestock use. Based on 
the analyses available for this well, the water from the Tipton 
Shale Member generally was suitable for livestock use.
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Wasatch Formation

The Wasatch Formation, which contains the Wasatch 
aquifer, is composed of fluvial sediment that was deposited at 
the same time as the Green River Formation. In the early and 
middle Eocene Epoch, Lake Gosiute repeatedly expanded and 
contracted. Fluvial sediments of the Wasatch Formation were 
deposited around the margins of the lake basin in a belt that 
narrowed when the lake expanded and widened when the lake 
contracted (Bradley, 1964, p. A18). The Wasatch Formation 
has been subdivided into several units within the region that 
includes Carbon County. The Cathedral Bluffs Tongue and 
main body have large areal extents within the southwestern 
part of the county. The Niland Tongue, Alkali Creek Tongue, 
and Chappo Member are absent in the county.

The Cathedral Bluffs Tongue of the Wasatch Forma-
tion occurs in Carbon County at or near land surface in a 
band around the margin of the Washakie Basin (fig. 18). 
The Cathedral Bluffs Tongue intertongues to a lesser extent 
with other rocks in the region (Roehler, 1992, p. E37-E38). 
Roehler (1992, p. E37) described the Cathedral Bluffs Tongue 
as “composed of variegated (mostly red) fluvial rocks that 
intertongue with and are replaced from the margins toward 
the center of the greater Green River basin by rocks of mostly 
lacustrine origin that constitute the Wilkins Peak Member” 
(of the Green River Formation). Bradley (1961) described the 
rocks of the tongue as being composed of “gray and greenish-
gray sandy mudstone banded with pink and red layers; con-
tains massive lenses and beds of brown to yellowish muddy 
sandstone; makes badland slopes.” Roehler (1992, p. E38) 
reported that the thickness of the Cathedral Bluffs Tongue 
ranges from 0 to more than 2,000 ft.

The main body of the Wasatch Formation occurs at or 
near land surface around the perimeter of the Washakie Basin 
(fig. 18). Masursky (1962, p. 10-11) believed that the Battle 
Spring Formation mapped by Pipiringos (1955, 1961) was 
really just a mountainward fluvial facies of the main body of 
the Wasatch Formation. Love (1970, p. C33-C34) supported 
this assessment. The Battle Spring Formation occurs at or 
near land surface in much of the eastern part of the Great 
Divide Basin (fig. 18). The upper parts of the main body of 
the Wasatch Formation intertongue with tongues and members 
of the Green River Formation. The lower part of the main 
body of the Wasatch Formation predates Lake Gosiute, and 
underlies the Green River Formation, rather than intertonguing 
with it. Love and Christiansen (1985) described the main body 
of the Wasatch Formation in southwest Wyoming as “drab 
sandstone, drab to variegated claystone and siltstone; locally 
derived conglomerate around basin margins.” Like the rest of 
the Wasatch Formation in the county, the main body of the 
Wasatch Formation is composed of fluvial sediment depos-
ited in the same basin occupied by Lake Gosiute. The main 
body of the Wasatch Formation is more than 4,000 ft thick in 
parts of the Green River and Washakie Basins (Roehler, 1992, 
p. E26-E27).

The Wasatch Formation is a source for natural gas, by 
both conventional and coalbed methane extraction methods, in 
the southwestern corner of the state (De Bruin, 2002; Wyo-
ming Oil and Gas Conservation Commission, 2004).

The Wasatch Formation contains an important aquifer 
in the Great Divide and Washakie Basins. Collentine and 
others (1981, fig. III-6, p. 28) combined the Wasatch and 
Battle Spring Formations into a single hydrogeologic unit 
and defined the combined unit as a “principal aquifer” in the 
Great Divide and Washakie Basins. Similarly, Naftz (1996) 
and Glover and others (1998) also combined the Wasatch and 
Battle Spring Formations into a single hydrogeologic unit, but 
also included the Fort Union Formation; this unit was defined 
as the “Wasatch-Fort Union aquifer” and the Wasatch and 
Battle Spring Formations were combined and defined as a 
subaquifer defined as the “Wasatch zone” of the Wasatch-Fort 
Union aquifer. The USGS also define the Wasatch aquifer as 
a “principal aquifer” (Whitehead, 1996) and combined the 
aquifer with many others that comprise the “Colorado Plateaus 
aquifers” category on the national Principal Aquifers map 
(U.S. Geological Survey, 2003).

Individual discontinuous sandstone beds or lenses 
compose the Wasatch aquifer (Welder and McGreevy, 1966; 
Collentine and others, 1981). Welder and McGreevy (1966) 
reported that well yields for 90 wells in the Great Divide 
and Washakie Basins and surrounding areas ranged from 5 
to 250 gal/min. The investigators also noted that “the maxi-
mum yield of a favorably located well might be as much as 
500 gal/min” (Welder and McGreevy, 1966, sheet 3). They 
also noted that artesian conditions occur in many sandstone 
lenses in the lower part of the formation, especially in the 
northwestern Great Divide Basin.

Collentine and others (1981, table V-1, p. 44) summa-
rized hydrogeologic characteristics of the Wasatch aquifer 
throughout the Great Divide and Washakie Basins, includ-
ing the eastern perimeters of the basins in Carbon County. 
Reported well yields ranged from 5 to 250 gal/min, but most 
yields ranged from 30 to 50 gal/min. Transmissivity values 
for 9 aquifer tests ranged from about 20 to 1,340 ft2/day, and 
associated specific capacity ranged from 0.17 to greater than 
10 (gal/min)/ft.

A potentiometric surface map of the Wasatch zone of 
the Wasatch-Fort Union aquifer constructed by Naftz (1996) 
shows the direction of ground-water flow for the entire aqui-
fer, including the eastern perimeter in western Carbon County 
(fig. 14). Based on this map, Naftz (1996) reported:

“recharge occurs in upland areas, and outcrop areas 
adjacent to mountain ranges, and discharge occurs along major 
streams and rivers of the study area. Springs in the northern 
part of the Great Divide-Washakie-Sand Wash Basins aquifer 
system serve as major discharge points; to a lesser degree, 
springs associated with faulting near the Little Snake River in 
the southern part of the basin act as discharge points.”

Naftz (1996) also examined major-ion geochemistry to 
identify areas of recharge, discharge, and interaquifer leakage 
in the Wasatch zone of the Wasatch-Fort Union aquifer. He 
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noted that recharge areas were characterized by small dis-
solved-solids concentrations, positive log (([Ca]+[Mg])/[Na])2 
values, and small sodium and fluoride concentrations. Sulfate 
concentrations generally increased along projected ground-
water flowpaths, and water with dissolved-solids concentra-
tions greater than 1,500 mg/L was predominant in sodium and 
chloride. Examining calcium-to-chloride ratios, he concluded 
that ratios that exceed the local precipitation ratio are indica-
tive of recharge areas, and ratios less than the local precipita-
tion ratio are indicative of discharge areas.

Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. Five 
measurements of well yields for pumped wells ranged from 4 
to 30 gal/min with a median yield of 20 gal/min. Three mea-
surements of well yield for flowing wells ranged from 0.5 to 
4.5 gal/min with a median yield of 1.5 gal/min. The measured 
discharge for one spring was 5 gal/min.

The chemical composition of ground water in the 
Wasatch aquifer in Carbon County was characterized and the 
quality evaluated on the basis of new and historical samples 
collected from wells and one spring. TDS concentrations were 
highly variable and indicated that water was fresh, slightly 
saline, or moderately saline (fig. 24E). Ionic compositions 
indicated that water was either calcium-sulfate type, sodium-
sulfate type, or sodium-bicarbonate type (fig. 24E). No 
relation was apparent between water type and salinity. Sulfate 
concentrations significantly decreased with increasing well 
depth (appendix 8). Hardness varied considerably and ranged 
from soft to very hard.

Concentrations of some characteristics and constituents 
in the Wasatch aquifer approached or exceeded applicable 
USEPA or State of Wyoming water-quality standards and 
could limit the suitability of water for some intended uses. 
Most water was suitable for domestic use, but concentra-
tions of two constituents exceeded health-based standards 
(appendixes 7-1 to 7-4): fluoride (MCL exceeded in 1 of 
8 samples), and radon (proposed 300-pCi/L MCL exceeded 
in both samples). Aesthetic standards for domestic use were 
exceeded by more characteristics and constituents and more 
frequently and included pH (SMCL upper limit exceeded in 
4 of 7 samples), TDS (SMCL exceeded in all 11 samples), 
sulfate (SMCL exceeded in 7 of 11 samples), chloride (SMCL 
exceeded in 4 of 11 samples), fluoride (SMCL exceeded in 2 
of 8 samples), iron (SMCL exceeded in 2 of 5 samples), and 
manganese (SMCL exceeded in 1 of 5 samples).

In relation to suitability for agricultural and livestock 
use, concentrations of five characteristics and constituents 
exceeded State of Wyoming agricultural-use standards and 
concentrations of one characteristic exceeded State of Wyo-
ming livestock standards (appendixes 7-1 to 7-4). Characteris-
tics and constituents measured at concentrations greater than 
agricultural-use standards included pH (upper limit standard 
exceeded in 1 of 7 samples), TDS (standard exceeded in 6 
of 11 samples), SAR (standard exceeded in 5 of 7 samples), 
sulfate (standard exceeded in 7 of 11 samples), and chloride 
(standard exceeded in 4 of 11 samples). In general, water from 

the Wasatch aquifer is suitable for livestock use, but some 
measured pH values were greater than livestock standards: 
(upper limit standard exceeded in 4 of 7 samples).

Battle Spring Formation

The Battle Spring Formation, which contains the Battle 
Spring aquifer, occurs at or near land surface in parts of the 
eastern part of the Great Divide Basin in Carbon County 
(fig. 18). Bradley (1961) described the Battle Spring For-
mation as being composed of “light gray to brown, coarse-
grained to pebbly arkosic sandstone with a lesser amount 
of greenish gray sandy clay and mudstone; locally contains 
large spheroidal concretions; interfingers with the Wasatch 
and Green River Formations.” Pipiringos (1961, p. A34-A35) 
suggested that the sediments composing the Battle Spring For-
mation were deposited in deltaic sheets associated with one of 
the ancient Green River lakes, and that the source of the sedi-
ment was the Granite Mountains. However, Masursky (1962, 
p. 10-11) and Love (1970, p. C33-C34) believed that the Battle 
Spring Formation mapped by Pipiringos (1955, 1961) was a 
mountainward fluvial facies of the main body of the Wasatch 
Formation and should not be considered a separate formation. 
Welder and McGreevy (1966, sheet 3) reported that the Battle 
Spring Formation ranges in thickness from “1,000(?) to about 
4,500 ft.”

The Battle Spring Formation contains an important 
aquifer in the Great Divide Basin, although its extent is limited 
in Carbon County. As noted previously in the description of 
the Wasatch Formation section of the report, Collentine and 
others (1981, fig. III-6, p. 28) combined the Wasatch and 
Battle Spring Formations into a single hydrogeologic unit 
and defined the combined unit as a “principal aquifer” in the 
Great Divide and Washakie Basins. Similarly, Naftz (1996) 
and Glover and others (1998) also combined the Wasatch and 
Battle Spring Formations into a single hydrogeologic unit, but 
also included the Fort Union Formation; this unit was defined 
as the “Wasatch-Fort Union aquifer,” and the Wasatch and 
Battle Spring Formations were combined and defined as a 
subaquifer defined as the “Wasatch zone” of the Wasatch-Fort 
Union aquifer. The USGS also defined the Battle Spring aqui-
fer as a “principal aquifer” (Whitehead, 1996) and combined 
the aquifer with many others that comprise the “Colorado 
Plateaus aquifers” category on the national Principal Aquifers 
map (U.S. Geological Survey, 2003).

Welder and McGreevy (1966) and Collentine and others 
(1981) described the hydrogeologic characteristics of the Bat-
tle Spring aquifer throughout the Great Divide Basin. Welder 
and McGreevy (1966, sheet 3) reported good development 
possibilities in the northeast part of the Great Divide Basin and 
noted “maximum yields of wells penetrating the entire forma-
tion might exceed 1,000 gal/min.” Collentine and others (1981, 
p. 52) reported that the aquifer is “capable of yielding at least 
150 gal/min to water wells, though most yields generally range 
from 30 to 40 gal/min.” Transmissivity values for 26 water 
wells were reported to range from about 4 to about 423 ft2/day, 
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and the storage coefficient was estimated to be about 1x10-3 
(Collentine and others, 1981).

Additional information describing hydrogeologic char-
acteristics of the Battle Spring aquifer as part of the Wasatch 
zone of the Wasatch-Fort Union aquifer was presented earlier 
in the Wasatch Formation discussion. The reader is referred to 
that section of the report for additional information about the 
Battle Spring aquifer.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. Three 
measurements of well yields for pumped wells ranged from 
10 to 20 gal/min with a median yield of 10 gal/min. There 
were no measured flows for springs discharging from the 
Battle Spring Formation in Carbon County.

The chemical composition of ground water in the Battle 
Spring aquifer in Carbon County was characterized and the 
quality evaluated on the basis of only one new water-quality 
sample (appendix 6). The TDS concentration indicated that the 
water was slightly saline (fig. 24F). The sample was a sodium-
sulfate type water (fig. 24F). Hardness was very hard. Based 
on the few analyses available for this well, the water generally 
was suitable for livestock use.

Wind River Formation

The Wind River Formation, which contains the Wind 
River aquifer, occurs primarily in the Shirley Basin, with a 
smaller extent in the northern part of the Medicine Bow Moun-
tains (fig. 18). The formation consists of green or green-gray 
and locally red claystone and siltstone, gray medium to very 
coarse-grained arkosic sandstone, and pebble conglomerate 
(Van Houten, 1964; Harshman, 1968, 1972; and Denson and 
Harshman, 1969). Harshman (1968, 1972) noted that a basal 
conglomerate in some areas contains boulders of Precambrian 
material as much as 25 ft in diameter. He also stated that the 
claystone and siltstone contain carbonaceous material or are 
interbedded with lignite. Van Houten (1964) noted that the for-
mation was deposited in a humid, warm-temperate to subtropi-
cal environment. In the Shirley Basin (fig. 2), the formation 
is as much as 550 ft thick. The Wind River Formation is the 
host formation for the Shirley Basin Uranium District, which 
had several large open pit mines and uranium processing mills 
(Harris and others, 1985; Harris, 1996).

Harshman (1972) examined the ground-water hydrology 
and quality of aquifers in the White River, Wind River, and 
Wagon Bed Formations in the Shirley Basin because of the 
discovery of uranium in the Wind River Formation. As part of 
the study, potentiometric contours were constructed showing 
ground-water flow in the aquifers (reproduced with modifica-
tions in fig. 23). Aquifers in all three formations were mapped 
as a single aquifer in the area, inferring hydraulic connection 
among the formations in the area. Harshman noted that ground 
water in the Wind River aquifer, and in aquifers in the other 
formations, was unconfined. Potentiometric contours show 
“that the Little Medicine Bow River and the lower reach of 
Sand Creek have cut below the main ground-water body, and 

they are gaining streams” (Harshman, 1972, p. 37). Harshman 
also noted that individual upper and lower sandstone layers 
and lenticular beds in the formation were in hydraulic connec-
tion. He also reported that ground water in the area generally 
was moving south with a hydraulic gradient of 20 feet per 
mile. Ground-water samples were collected from 1 flowing 
well, 15 pumped wells, 1 spring, and 14 drill holes in Carbon 
County. In an approach similar to that presented previously in 
the discussion of the White River Formation, Harshman clas-
sified the water from the Wind River aquifer into two groups. 
Ground-water samples from group 1 were “collected from 
the ore-bearing sandstone in the vicinity of large ore bodies 
and from 200-300 feet below the water table;” he noted that 
the water was “similar in composition and contains calcium, 
sodium, bicarbonate, and sulfate as the principal constituents” 
and noted “average uranium content is the same as that in the 
water samples from the lower part of the White River Forma-
tion, but the radium content is greater by almost two orders of 
magnitude” (Harshman, 1972, p. 41). Group 2 samples were 
collected “from exploratory drill holes in the western part of 
the Shirley Basin, where uranium ore lies near the base of the 
Wind River Formation and at or slightly below the ground-
water table;” constituents in water from group 2 were similar 
to group 1 but Harshman reported that the “amounts pres-
ent ranged widely” (Harshman, 1972, p. 41). Although ionic 
composition was similar in both groups, and bicarbonate was 
the predominant anion in both groups, Harshman (1972, p. 41) 
noted that water from the lower member (group 2) “contains 
more sodium, sulfate, and uranium and somewhat less phos-
phate than does that from the upper member.” Total radium 
concentrations for all ground-water samples ranged from less 
than 0.1 to 3.5±0.7 pCi/L and uranium concentrations ranged 
from 7.8±0.8 to 52±5 µg/L. Total radium concentrations 
in more than one-half (16 of 31) the ground-water samples 
exceeded the current summed radium-226 and radium-228 
MCL of 5 pCi/L. Eight reported uranium concentrations 
exceeded the current USEPA uranium MCL of 30 µg/L.

Richter (1981, table IV-3, p. 55) reported transmissivity 
values from three aquifer tests in the Wind River aquifer in the 
Shirley Basin area. Based upon well locations, it appears that 
the investigator incorrectly assigned the wells to the White 
River aquifer in the report. Reported transmissivity values 
were 1,742, 2,948, and 1,876 ft2/d, and associated specific 
capacity values were 6.7, 11.1, and 6.8 (gal/min)/ft of draw-
down, respectively.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. Seventeen 
measurements of well yields for pumped wells ranged from 
2 to 610 gal/min, with a median yield of 65 gal/min. The mea-
sured discharge for one spring was 4 gal/min.

The chemical composition of ground water in the Wind 
River aquifer in Carbon County was characterized and the 
quality evaluated on the basis of historical samples collected 
from wells and springs. TDS concentrations indicated that all 
samples were fresh with the exception of one sample, which 
was slightly saline (fig. 24G). Ionic compositions indicated 
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that although many different water types were represented, 
calcium and bicarbonate or sodium and sulfate were the most 
common ions (fig. 24G). Concentrations of sodium signifi-
cantly increased with increasing well depth (appendix 8). 
Hardness varied considerably and ranged from soft to very 
hard.

Based on the few characteristics and constituents ana-
lyzed, the concentrations of some constituents in the Wind 
River aquifer approached or exceeded applicable USEPA or 
State of Wyoming water-quality standards and could limit the 
suitability of water for some intended uses. Excluding samples 
in Carbon County collected in areas with known elevated 
concentrations of radionuclides greater than USEPA MCLs (as 
described previously from Harshman (1972)), and compared 
to health-based standards, all water was suitable for domes-
tic use with the exception of the boron concentration in one 
sample (proposed HAL exceeded in 1 of 4 samples) (appen-
dixes 7-1 to 7-4). Only three aesthetic standards for domestic 
use were exceeded: TDS and sulfate (SMCLs exceeded in 4 
of 13 samples); and aluminum (SMCL lower and upper limits 
exceeded in the one sample).

In relation to suitability for agricultural and livestock use, 
concentrations of one constituent exceeded State of Wyoming 
agricultural-use standards and no characteristics or constitu-
ents exceeded State of Wyoming livestock standards (appen-
dixes 7-1 to 7-4). Sulfate was the only constituent measured at 
concentrations greater than agricultural-use standards (stan-
dard exceeded in 4 of 13 samples). Based on the sparse water-
quality data, water from the Wind River aquifer is suitable for 
livestock use.

Coalmont Formation

The Coalmont Formation, which contains the Coalmont 
aquifer, occurs in Carbon County in the southern Saratoga Val-
ley in T. 13 N., Rs. 81 and 82 W. (fig. 18). Montagne (1991, p. 
16) described the exposure as “brown coarse-grained arkosic 
sandstone with a waxy clay matrix.” He also stated that the 
formation can be correlated to the Hanna Formation because 
of their similar age, structural relations, and similar litholo-
gies. South of Saratoga Valley, the Coalmont Formation is at 
least 7,000 ft thick in the central part of the North Park Basin 
of Colorado (Montagne, 1991, p.17).

Little hydrogeologic information is available for the 
Coalmont aquifer in the county because of limited areal extent. 
Well-yield measurements from the USGS NWIS database 
were reviewed for this study. The measurement of well yield 
for one pumped well was 25 gal/min. There were no reported 
discharges for springs in the Coalmont Formation in Carbon 
County.

The chemical composition of ground water in the Coal-
mont aquifer in Carbon County was characterized and the 
quality evaluated on the basis of only one new water-quality 
sample collected during this study (appendix 6). The TDS 
concentration indicated that the water was fresh (fig. 24H). 
The sample was a calcium-bicarbonate type water (fig. 24H). 

Hardness was moderately hard. Based on the analyses from 
this one well sample, the water was suitable for domestic, agri-
cultural, and livestock use. The radon concentration measured 
in this sample did exceed the proposed 300-pCi/L MCL.

Hanna Formation

The Hanna Formation, which contains the Hanna aquifer, 
occurs at or near the land surface in the Hanna, Carbon, and 
Laramie Basins, and the Medicine Bow Mountains (fig. 18). 
The formation was named by Bowen (1918). Hyden and others 
(1965) replaced the name Hanna Formation with Dutton Creek 
Formation in the northern part of the Laramie Basin. Gill and 
others (1970) determined that the Dutton Creek Formation was 
one of the many coarse-grained tongues of the Hanna Forma-
tion and reinstated the name Hanna Formation.

The formation consists of alternating beds of sandstone, 
conglomerate, shale, and coal (Bowen, 1918; Dobbin, Bowen 
and Hoots, 1929; Gill and others, 1970; and Lowry and others, 
1973). Bowen (1918) and Dobbin, Bowen and Hoots (1929) 
noted that the fine-grained sandstones are brown in color, 
whereas the coarse-grained sandstones are buff to grayish 
white. The sandstones are massive to thin-bedded, with ripple 
marks and cross-bedding common. They also noted that the 
formation was highly feldspathic. The dark-gray, yellowish, 
and carbonaceous shale occur in alternating beds (Bowen, 
1918). Bowen (1918) and Dobbin, Bowen and Hoots (1929) 
noted that the conglomerates and conglomeratic sandstones 
contain pebbles of chert, granite, quartzite, sandstone, shale 
from the Mowry shale, and conglomerate from the Cloverly 
Formation. Montagne (1991) described the Hanna Formation 
on Kennaday Peak and Pass Creek Basin as a conglomerate 
of boulders, cobbles, and pebbles, with a matrix of yellow 
friable medium-grained sandstone. Dobbin, Bowen and Hoots 
(1929) also noted that there were locally massive conglomer-
ates. Love and Christiansen (1985) noted the giant quartzite 
boulders near the Medicine Bow Mountains. Houston and 
others (1968) mapped the feldspathic sandstone, arkose, 
carbonaceous shale, conglomeratic sandstone, and thick beds 
of conglomerate as Hanna and Ferris Formations undivided on 
the flanks of the Medicine Bow Mountains. Love and Chris-
tiansen (1985) mapped the unit as the Hanna Formation in the 
Medicine Bow Mountains. Gill and others (1970) believe that 
the formation could be as much as 13,500 ft thick in the deep-
est part of the Hanna Basin.

Many of the coal beds in the Hanna and Carbon Basins 
are thick enough and of good enough quality for mining (Dob-
bin, Bowen and Hoots, 1929). The area was heavily mined in 
the early twentieth century by the Union Pacific Railroad near 
the towns of Hanna and Carbon. Today the mining occurs in 
large strip mines near Hanna (Jones, 1991). The formation 
also is a source for coalbed methane in the Hanna and Carbon 
Basins (De Bruin, 2002; Wyoming Oil and Gas Conservation 
Commission, 2004), and is a potential source for lightweight 
aggregate (Harris and others, 1985; Harris and Meyer, 1986; 
Harris, 1996).
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Most wells completed in the Hanna aquifer are for stock 
use or for monitoring near coal mines. Richter (1981) defined 
the formation as a “principal aquifer” and grouped the Hanna 
Formation with other formations of Tertiary age in the Lara-
mie, Shirley, and Hanna Basins into a single hydrogeologic 
unit defined as the “Tertiary aquifer.” The USGS also defined 
the Hanna aquifer as a “principal aquifer” (Whitehead, 1996) 
and referred to the aquifer as part of the “Lower Tertiary aqui-
fers” category on the national Principal Aquifers map (U.S. 
Geological Survey, 2003).

The Hanna aquifer is composed of individual discontinu-
ous sandstone, conglomerate, and coal beds or lenses (Lowry 
and others, 1973; Richter, 1981). Permeability in the sand-
stones is intergranular, whereas permeability in the coalbeds 
is from fractures (Lowry and others, 1973; Richter, 1981). 
Richter (1981, table IV-2, p. 53) reported that yields from 
“selected pumping wells completed in channel sandstones 
and conglomerates produce from 1 to 100 gal/min, whereas 
wells completed in coal seams generally produce less than 
20 gal/min.” In addition, Richter (1981) reported that artesian 
conditions can occur locally in the Hanna aquifer with flows 
as large as 20 gal/min.

Richter (1981) summarized hydraulic properties esti-
mated from 10 aquifer tests at or near coal mines in the Hanna 
Basin. Transmissivity estimates ranged from about 54 to 
3,886 ft2/d . Reported yields associated with these tests ranged 
from 7 to 23 gal/min and specific capacity values ranged from 
0.2 to 14.3 (gal/min)/ft.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. Eight 
measurements of well yields for pumped wells ranged from 
1.3 to 45 gal/min, with a median yield of about 7 gal/min. 
There were no measured flows for springs discharging from 
the Hanna Formation in Carbon County.

Dewatering of the Hanna Formation near coal mines in 
the Hanna Basin was discussed by Kuhn and others (1983, 
p. 70-71). Examination of water levels in wells in and near 
dewatered mine pits indicated very complex hydrogeologic 
conditions. Hydraulic connection between individual per-
meable beds (sandstone and coal) was highly variable and 
unpredictable. The investigators also suggested that faulting in 
the area may provide hydraulic connection between individual 
permeable beds separated by rocks with low vertical perme-
ability.

The chemical composition of ground water in the Hanna 
aquifer in Carbon County was characterized and the quality 
evaluated on the basis of new and historical samples collected 
from wells. TDS concentrations were highly variable and 
indicated that the water was fresh, slightly saline, and moder-
ately saline (fig. 24I). Ionic compositions indicated that cation 
composition was mixed and anion composition generally was 
dominated by bicarbonate or sulfate. In general, sulfate was 
the predominant anion in water classified as moderately saline 
(fig. 24I). Hardness, TDS, and sulfate concentrations signifi-
cantly increased with increasing well depth (appendix 8). 

Hardness varied considerably and ranged from soft to very 
hard.

Concentrations of some characteristics and constituents in 
the Hanna aquifer approached or exceeded applicable USEPA 
or State of Wyoming water-quality standards and could limit 
the suitability of water for some intended uses. Constituents 
measured at concentrations greater than health-based stan-
dards included fluoride (MCL exceeded in 1 of 29 samples), 
arsenic (MCL exceeded in 1 of 22 samples), beryllium (MCL 
exceeded in 5 of 21 samples, although concentrations for an 
additional 14 samples were reported as being less than 10 µg/L 
and may or may not exceed the 4 µg/L limit), boron (proposed 
HAL exceeded in 2 of 24 samples), and radon (proposed 
300-pCi/L MCL exceeded in the one sample) (appendixes 7-1 
to 7-4). Aesthetic standards for domestic use were exceeded 
by concentrations of some characteristics and constituents, 
including pH (SMCL upper limit exceeded in 6 of 29 sam-
ples), TDS (SMCL exceeded in 30 of 39 samples), sulfate 
(SMCL exceeded in 22 of 34 samples), fluoride (SMCL 
exceeded in 5 of 29 samples), aluminum (SMCL lower limit 
exceeded in 2 of 21 samples and SMCL upper limit exceeded 
in 1 of 21 samples), iron (SMCL exceeded in 5 of 23 samples), 
and manganese (SMCL exceeded in 12 of 21 samples).

In relation to suitability for agricultural and livestock use, 
concentrations of 8 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 4 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-4). Characteristics and constituents mea-
sured at concentrations greater than agricultural-use standards 
included pH (upper limit standard exceeded in 2 of 29 sam-
ples), TDS (standard exceeded in 8 of 39 samples), SAR 
(standard exceeded in 17 of 29 samples), sulfate (standard 
exceeded in 24 of 34 samples), chloride (standard exceeded in 
2 of 30 samples), boron (standard exceeded in 1 of 24 sam-
ples), iron (standard exceeded in 1 of 23 samples), and manga-
nese (standard exceeded in 4 of 21 samples). In general, water 
from the Hanna aquifer was suitable for livestock use but four 
characteristics and constituents were measured at concentra-
tions greater than livestock standards: pH (upper limit standard 
exceeded in 6 of 29 samples), TDS (standard exceeded in 1 of 
39 samples), sulfate (standard exceeded in 1 of 34 samples), 
and chromium (standard exceeded in 1 of 22 samples).

Fort Union Formation

The Fort Union Formation, which contains the Fort 
Union aquifer, occurs at or near land surface in the northeast 
corner of the Great Divide Basin, and west of the town of 
Rawlins (fig. 18). Harshman (1972, p. 19) speculated that the 
Fort Union Formation may be present in the southern part of 
the Shirley Basin in channels eroded into the Steele Shale. 
The few remnants found are sequences of varicolored soft 
sandy siltstones that are in part carbonaceous, but no fossils 
or pollen were recovered for dating. Love and Christiansen 
(1985) described the Fort Union Formation as “brown to gray 
sandstone, gray to black shale, and thin coal beds.” The forma-
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tion was deposited during the Paleocene Epoch and Laramide 
Orogeny. During this time, mountain ranges such as the Sierra 
Madre and the Granite Mountains were rising at the same 
time structural basins were subsiding. Love (1970, p. C115) 
reported that during the Paleocene Epoch, the Great Divide 
Basin was subsiding, but because the deposition of sediment 
derived from uplift areas filled the basin at the same rate, 
the surface of the basin remained at nearly the same altitude 
throughout the epoch. The same thing was happening in and 
around other basins in Carbon County during the Paleocene 
Epoch. The climate was warm and humid, and swamps 
were common. These swamps eventually would become the 
numerous coal deposits found in the Fort Union Formation 
today. Welder and McGreevy (1966, sheet 3) reported that 
the thickness ranges from 700 to about 2,700 ft in the Great 
Divide and Washakie Basins. There have been numerous small 
coal mines and prospects, as well as some larger proposed 
coal mining operations, in the Fort Union Formation of the 
Wamsutter Arch and Washakie Basin areas (Jones, 1991). The 
formation also is a source for natural gas, by both conventional 
and coalbed-methane extraction methods, in the southwestern 
corner of the State (De Bruin, 2002; Wyoming Oil and Gas 
Conservation Commission, 2004). Uranium has been reported 
in the formation west of Rawlins (Harris and others, 1985; 
Harris, 1996).

The Fort Union Formation contains an important aquifer 
in the Great Divide and Washakie Basins. As noted previ-
ously, Naftz (1996) and Glover and others (1998) combined 
the Wasatch, Battle Spring, and Fort Union Formations into a 
single hydrogeologic unit defined as the Wasatch-Fort Union 
aquifer. The USGS also defined the Fort Union aquifer as a 
“principal aquifer” (Whitehead, 1996) and combines the for-
mation with many others that compose the “Colorado Plateaus 
aquifers” category on the national Principal Aquifers map 
(U.S. Geological Survey, 2003).

Welder and McGreevy (1966) and Collentine and others 
(1981) described the hydrogeologic characteristics of the Fort 
Union aquifer throughout the Great Divide and Washakie 
Basins. Collentine and others (1981, p. 54) noted that many 
of the individual discontinuous sandstone beds or lenses are 
hydraulically isolated, although the investigators noted that 
sandstone and conglomerate beds in the lower part of the 
formation in some locations may be hydraulically connected 
because of fractures. Welder and McGreevy (1966, sheet 3) 
reported that well yields for 11 wells ranged from 3 to 300 
gal/min and noted “a well penetrating the entire formation 
where the sandstones are thickest might yield as much as 
500 gal/min.” Collentine and others (1981) reported that well 
yields generally are less than 100 gal/min, although yields as 
high as 300 gal/min have been reported. Transmissivity gener-
ally is less than 335 ft2/day (Collentine and others, 1981).

Most published hydrogeologic and water-quality infor-
mation describing the Fort Union aquifer is from areas west 
of Carbon County, including the Great Divide, Washakie, and 
Green River Basins. The reader is referred to publications by 
Welder and McGreevy (1966), Collentine and others (1981), 

Taylor and others (1986), Naftz (1996), and Mason and Miller 
(2005) for hydrogeologic and water-quality information 
describing characteristics of the aquifer outside of Carbon 
County. Although the publications describe areas outside of 
the county, they can provide information that may be of some 
use to readers interested in broader descriptions of the aquifer.

Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. Five 
measurements of well yields for pumped wells ranged from 
3 to 60 gal/min, with a median yield of 12 gal/min. The yield 
for one flowing well was 10 gal/min. The measured discharge 
for one spring was 1 gal/min.

The chemical composition of ground water in the Fort 
Union aquifer in Carbon County was characterized and the 
quality evaluated on the basis of new and historical samples 
collected from wells and one spring. TDS concentrations were 
highly variable and indicated that water ranged from fresh to 
briny (fig. 24J). Water that was classified as either moderately 
saline or briny was co-produced oil and gas water. Ionic com-
positions indicated that water was either calcium-bicarbonate 
type, calcium-sulfate type, calcium-chloride type, or sodium-
bicarbonate type (fig. 24J). No relation was apparent between 
water type and salinity. TDS and potassium concentrations sig-
nificantly increased with increasing well depth (appendix 8). 
Hardness varied considerably and ranged from soft to very 
hard, although one-half of samples were classified as very 
hard and no samples were classified as moderately hard.

Concentrations of some characteristics and constituents 
in the Fort Union aquifer approached or exceeded applicable 
USEPA or State of Wyoming water-quality standards and 
could limit the suitability of waters for some intended uses. 
Based on a comparison of concentrations to health-based 
standards, all water was suitable for domestic use with the 
exception of a beryllium concentration (MCL exceeded in 1 of 
4 samples, although one additional concentration was reported 
as being less than 10 µg/L and may or may not exceed the 
4 µg/L MCL) and radon (proposed 300-pCi/L MCL exceeded 
in the one sample) (appendixes 7-1 to 7-4). Concentrations 
of several characteristics and constituents exceeded aesthetic 
standards for domestic use and included pH (SMCL upper 
limit exceeded in 5 of 11 samples), TDS (SMCL exceeded in 
all 12 samples), sulfate (SMCL exceeded in 3 of 12 samples), 
chloride (SMCL exceeded in 4 of 12 samples), fluoride 
(SMCL exceeded in 1 of 5 samples), and iron and manganese 
(SMCLs exceeded in 3 of 5 samples). Many characteristic and 
constituent exceedances were attributable to co-produced oil 
and gas water samples.

In relation to suitability for agricultural and livestock use, 
concentrations of 6 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 3 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-4). Characteristics and constituents 
measured at concentrations greater than agricultural-use 
standards included TDS and chloride (standards exceeded 
in 6 of 12 samples); SAR, iron and manganese (standards 
exceeded in 1 of 5 samples); and sulfate (standard exceeded 
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in 4 of 12 samples). In general, water from the Fort Union 
aquifer was suitable for livestock use, but three characteristics 
and constituents were measured at concentrations greater than 
livestock standards: pH (upper limit standard exceeded in 5 of 
11 samples), and TDS and chloride (standards exceeded in 1 
of 12 samples). Many characteristic and constituent exceed-
ances were attributable to co-produced oil and gas water 
samples.

Ferris Formation

The Ferris Formation, which contains the Ferris aquifer, 
occurs at or near the land surface around the Hanna Basin and 
on the northern margin of the Carbon Basin (fig. 18). The for-
mation is both Paleocene (Cenozoic) and Cretaceous (Meso-
zoic) in age and was named by Bowen (1918). The formation 
primarily consists of intertonguing beds of gray, brown, and 
yellow sandstone, light-colored, dark-gray and carbonaceous 
shale, and numerous thick beds of coal (Bowen, 1918; Dobbin, 
Bowen and Hoots, 1929; Gill and others, 1970; Lowry and 
others, 1973). Bowen (1918) and Dobbin, Bowen and Hoots 
(1929) noted that the basal part of the formation has a zone 
that is about 1,100 ft thick containing pockets, lenses, and thin 
beds of conglomerate in a massive buff to yellow sandstone. 
Dobbin, Bowen and Hoots (1929) noted that the pebbles 
usually are less than an inch in diameter and are composed 
of quartzite, chert, jasper, rhyolite, and porphyry. The lower 
300 ft of the formation also includes a dark shale (Dobbin, 
Bowen, and Hoots, 1929). The formation could be as much as 
6,500 ft thick.

Many of the coals in the Hanna and Carbon Basins are 
thick enough and of good enough quality for mining (Dobbin, 
Bowen and Hoots, 1929). The area was heavily mined in the 
early twentieth century by the Union Pacific Railroad near the 
towns of Hanna and Carbon. Today the mining occurs in large 
strip mines near Hanna (Jones, 1991).

Most wells completed in the Ferris aquifer are for stock 
use or for monitoring near coal mines. Richter (1981) defined 
the formation as a “principal aquifer” and grouped the Ferris 
Formation with other formations of Tertiary age in the Lara-
mie, Shirley, and Hanna Basins into a single hydrogeologic 
unit defined as the “Tertiary aquifer.” The USGS also defined 
the Ferris aquifer as a “principal aquifer” (Whitehead, 1996) 
and referred to the aquifer as part of the “Lower Tertiary aqui-
fers” category on the national Principal Aquifers map (U.S. 
Geological Survey, 2003).

The Ferris aquifer is composed of individual discontinu-
ous sandstone, conglomerate, and coal beds or lenses (Lowry 
and others, 1973; Richter, 1981). Permeability in the sand-
stones is intergranular, whereas permeability in the coalbeds 
is from fractures (Lowry and others, 1973; Richter, 1981). 
Richter (1981, table IV-2, p. 53) reported well yields ranging 
from 1 to 100 gal/min.

Richter (1981) summarized hydraulic properties esti-
mated from 10 aquifer tests at or near coal mines. Trans-
missivity estimates ranged from about 54 to 1,286 ft2/d. 

Reported yields associated with these tests ranged from 0.1 
to 40 gal/min, and specific capacity values ranged from 0.2 to 
20.5 (gal/min)/ft.

A generalized potentiometric-surface map constructed 
by the Bureau of Land Management (1975, fig. 10, p. 149) 
shows the direction of ground-water flow for the Ferris aquifer 
between Seminoe Reservoir and the outcrop of the Hanna 
Formation (area in Tps. 22 to 24 N., Rs. 83 to 84 W.). Based 
on this map, ground-water in the aquifer in this area flows to 
the west towards Seminoe Reservoir.

Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. 
Twenty-two measurements of well yields for pumped wells 
ranged from 0.14 to 300 gal/min, with a median yield of about 
4.6 gal/min. There were no measured flows for springs dis-
charging from the Ferris Formation in Carbon County.

The chemical composition of ground water in the Ferris 
aquifer in Carbon County was characterized and the quality 
was evaluated on the basis of historical samples collected from 
wells. TDS concentrations were highly variable and indi-
cated that the water was fresh, slightly saline, and moderately 
saline; however, only 2 of 31 samples were classified as fresh 
(fig. 24K). Ionic compositions indicated that cation composi-
tion was relatively mixed, and anion composition generally 
was dominated by bicarbonate or sulfate. In general, sulfate 
was the predominant anion in waters classified as moderately 
saline (fig. 24K). Hardness varied considerably and ranged 
from soft to very hard, although no samples were classified as 
hard and about 87 percent of the samples were classified as 
very hard.

Concentrations of some characteristics and constituents in 
the Ferris aquifer approached or exceeded applicable USEPA 
or State of Wyoming water-quality standards and could limit 
the suitability of water for some intended uses. Constituents 
measured at concentrations greater than health-based standards 
included arsenic (MCL exceeded in 1 of 27 samples), beryl-
lium (MCL exceeded in 7 of 26 samples, although concentra-
tions in an additional 19 samples were reported as being less 
than 10 µg/L and may or may not exceed the 4 µg/L MCL), 
boron (proposed HAL exceeded in 2 of 28 samples), selenium 
(MCL exceeded in 1 of 23 samples), and zinc (HAL exceeded 
in 1 of 27 samples) (appendixes 7-1 to 7-4). Aesthetic stan-
dards for domestic use were exceeded by concentrations of 
several characteristics and constituents including pH (less 
than the SMCL lower limit in 1 of 29 samples and greater 
than SMCL upper limit in 1 of 29 samples), TDS (SMCL 
exceeded in all 31 samples), sulfate (SMCL exceeded in 27 of 
31 samples), fluoride (SMCL exceeded in 2 of 31 samples), 
aluminum (SMCL lower limit exceeded in 2 of 27 samples, 
although concentrations in an additional 9 samples were 
reported as being less than 100 µg/L and may or may not 
exceed the 50 µg/L lower limit), iron (SMCL exceeded in 
15 of 28 samples), manganese (SMCL exceeded in 20 of 
27 samples), and zinc (SMCL exceeded in 1 of 27 samples).

In relation to suitability for agricultural and livestock use, 
concentrations of 10 characteristics and constituents exceeded 
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State of Wyoming agricultural-use standards and concentra-
tions of 5 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-4). Characteristics and constituents mea-
sured at concentrations greater than agricultural-use standards 
included TDS (standard exceeded in 22 of 31 samples), SAR 
(standard exceeded in 10 of 31 samples), sulfate (standard 
exceeded in 29 of 31 samples), chloride (standard exceeded in 
2 of 31 samples), boron (standard exceeded in 2 of 28 sam-
ples), iron (standard exceeded in 5 of 28 samples), manganese 
(standard exceeded in 11 of 27 samples), selenium (standard 
exceeded in 2 of 23 samples), vanadium (standard exceeded in 
2 of 19 samples), and zinc (standard exceeded in 1 of 27 sam-
ples). In general, water from the Ferris aquifer was suitable 
for livestock use but five characteristics and constituents were 
measured at concentrations greater than livestock standards: 
pH (less than the lower limit standard in 1 of 29 samples and 
greater than the upper limit standard in 1 of 29 samples), TDS 
and sulfate (standards exceeded in 7 of 31 samples), selenium 
(standard exceeded in 1 of 23 samples), and vanadium (stan-
dard exceeded in 2 of 19 samples).

Mesozoic Hydrogeologic Units
Mesozoic rocks of Late Cretaceous age occur at or near 

land surface throughout Carbon County (fig. 25). Mesozoic 
rock outcrops account for approximately 29 percent of the 
surface exposures in the county.

The water quality of aquifers in Mesozoic hydrogeologic 
units varies greatly throughout the county. Recharge to these 
aquifers generally occurs where the formations are exposed. 
Near recharge areas, water in these aquifers can be relatively 
fresh and may be suitable for most uses. These areas are 
where most domestic, municipal supply, or stock wells are 
completed. Elsewhere, and with increasing depth (as indi-
cated by co-produced oil and gas water samples) and as the 
water moves away from the outcrop, the water can have TDS 
concentrations several times that of seawater and is not suit-
able for most uses or is only marginally suitable for livestock 
use. Where deeply buried, only oil or gas wells are completed 
in Mesozoic hydrogeologic units. Locations of samples from 
aquifers in Mesozoic hydrogeologic units are shown on fig-
ure 25.

Medicine Bow Formation
The Medicine Bow Formation, which contains the 

Medicine Bow aquifer, occurs at or near the land surface 
around the margins of the Hanna, Carbon, and Laramie Basins 
(fig. 25). When the formation was named by Bowen (1918), 
several hundred feet of marine strata were included that have 
since been assigned to the Fox Hills Sandstone (Dorf, 1938, 
Gill and others, 1970). Hyden and others (1965) replaced the 
name Medicine Bow Formation with Foote Creek Forma-
tion in the northern part of the Laramie Basin. Gill and others 
(1970) determined that the rocks assigned to the Foote Creek 

Formation are remnants of the lower coal-bearing part of the 
Medicine Bow Formation.

The Medicine Bow Formation, as described by Bowen 
(1918) and Dobbin, Bowen and Hoots (1929), contains yellow, 
gray, and carbonaceous shale, coal, and gray to brown sand-
stone. The investigators also described some massive white 
sandstones in the main body of the formation, and a coarse-
grained, massive, friable, and easily eroded sandstone that is 
interbedded with beds of dark-gray shale at the top of the unit. 
Gill and others (1970) noted that the Medicine Bow Formation 
is a thick continental unit that was deposited after the with-
drawal of the Cretaceous sea. The unit is 400 to 6,200 ft thick. 
There have been some small coal mines and prospects in the 
Medicine Bow Formation of the Hanna Basin (Jones, 1991).

Little hydrogeologic information is available for the 
Medicine Bow aquifer in Carbon County, and few wells are 
installed in the aquifer. Regardless, Richter (1981) defined the 
formation as a “principal aquifer” and grouped the Medi-
cine Bow Formation with formations of Tertiary age in the 
Laramie, Shirley, and Hanna Basins into a single hydrogeo-
logic unit defined as the “Tertiary aquifer.” Richter (1981, 
table IV‑2, p. 53) reported that the formation “locally yields 
water to springs and shallow wells along outcrops, south flank 
of Freezeout Mountains.” The USGS also defined the Medi-
cine Bow aquifer as a “principal aquifer” (Whitehead, 1996) 
and referred to the aquifer as part of the “Upper Cretaceous 
aquifers” category on the national Principal Aquifers map 
(U.S. Geological Survey, 2003). Sandstone and coal beds 
would likely compose the aquifer in the formation.

Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. Five 
measurements of well yields for pumped wells ranged from 
4 to 50 gal/min, with a median yield of 25 gal/min. The yield 
for one flowing well was 1 gal/min. There were no measured 
discharges for springs in the Medicine Bow Formation in 
Carbon County.

The chemical composition of ground water in the Medi-
cine Bow aquifer in Carbon County was characterized and 
the quality was evaluated on the basis of only three historical 
water-quality samples collected from wells. TDS concentra-
tions indicated that two samples were fresh and one sample 
was slightly saline (fig. 26A). Ionic compositions indicated 
that the fresh water was either calcium-bicarbonate type or 
calcium-sodium-bicarbonate type, whereas the slightly saline 
water was sodium-sulfate type (fig. 26A). Hardness ranged 
from moderately hard to very hard.

The quality of water from the Medicine Bow aquifer 
generally was better than that from most Cretaceous hydro-
geologic units in Carbon County. Water-quality samples were 
only available for three wells in the limited areal extent of the 
formation in the county, and it is unknown how representative 
these three samples are of the aquifer. Concentrations of few 
characteristics and constituents exceeded standards. Based 
on only three samples, the aesthetic standards (SMCLs) for 
TDS and sulfate were exceeded in 1 of 3 samples. The State of 
Wyoming agricultural standard for sulfate was exceeded in  
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1 of 3 samples. Based on concentrations from only one sample 
that was analyzed for selected trace elements, the SMCL for 
iron, and both the SMCL and the State of Wyoming agricul-
tural-use standard for manganese were exceeded.

Lance Formation
The Lance Formation, which contains the Lance aquifer, 

occurs at or near the land surface around the margins of the 
Great Divide and Washakie Basins (fig. 25). The formation 
consists of fissile, dark-gray, brown, and carbonaceous shale; 
brown to light brown, very fine-to fine-grained, clayey, cal-
careous sandstone; coal; and lignite (Berry, 1960, Welder and 
McGreevy, 1966). It was deposited in a fluvial environment. 
The unit is as much as 4,540 ft thick (Berry, 1960). There have 
been some small coal mines, prospects, and proposed mines in 
the Lance Formation west and north of Rawlins (Jones, 1991). 
It is also a source for natural gas in the Washakie Basin area 
(De Bruin, 2002).

Collentine and others (1981) defined the Lance Forma-
tion as a “minor aquifer” and “minor water-bearing unit” and 
grouped the Late Cretaceous-age Lance and Fox Hills For-
mations with formations of Tertiary age in the Great Divide 
and Washakie Basins into a hydrogeologic unit defined as the 
“Tertiary aquifer system.” The USGS defined the aquifer as 
a “principal aquifer” (Whitehead, 1996) and referred to the 
aquifer as part of the “Upper Cretaceous aquifers” category on 
the national Principal Aquifers map (U.S. Geological Survey, 
2003).

Welder and McGreevy (1966) reported that the ground-
water development possibilities of the Lance aquifer in the 
Great Divide and Washakie Basins were largely unknown. 
They reported that yields from seven stock wells on the west 
flank of the Rawlins Uplift ranged from 5 to 30 gal/min and 
noted that “it is unlikely that maximum yields of favorably 
located wells would be as large as 300 gal/min” (Welder and 
McGreevy, 1966, sheet 3).

Collentine and others (1981) summarized hydraulic prop-
erties for the Lance aquifer throughout the Great Divide and 
Washakie Basins. The investigators noted that well yields were 
generally less than 25 gal/min, and transmissivity was low, 
generally less than 2.7 ft2/d.

Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. Two 
measurements of well yields for pumped wells were both 
6 gal/min. There were no measured discharges for springs in 
the Lance Formation in Carbon County.

The chemical composition of ground water in the Lance 
aquifer in Carbon County was characterized and the quality 
evaluated on the basis of new and historical samples collected 
from wells. One ground-water sample was collected dur-
ing this study from a stock well, but all other samples were 
historical samples from co-produced oil and gas water. TDS 
concentrations were highly variable and indicated that water 
was slightly saline, moderately saline, or very saline (fig. 
26B). The one sample that was not a co-produced oil and gas 

water was a calcium-sulfate water type. Ionic compositions 
indicated that co-produced oil and gas waters were either 
sodium-bicarbonate type or sodium-chloride type (fig. 26B). 
Hardness varied considerably and samples were classified as 
soft, moderately hard, or very hard.

Based on the few characteristics and constituents ana-
lyzed, the concentrations of some characteristics and constitu-
ents in the Lance aquifer approached or exceeded applicable 
USEPA or State of Wyoming water-quality standards and 
could limit the suitability of water for some intended uses. 
Most available water-quality analyses were from co-produced 
oil and gas water, so many characteristic and constituent 
analyses were not available and could not be compared with 
health-based, aesthetic, or State of Wyoming agricultural 
and livestock-use standards (appendixes 6, 7-1 to 7-2). The 
radon concentration in the one available sample exceeded the 
proposed 300-pCi/L MCL. Some concentrations from avail-
able characteristic and constituent analyses exceeded aes-
thetic standards for domestic use including pH (SMCL upper 
limit exceeded in 2 of 8 samples), TDS (SMCL exceeded in 
all 8 samples), sulfate (SMCL exceeded in 2 of 8 samples), 
chloride (SMCL exceeded in 6 of 8 samples), and iron and 
manganese (SMCLs exceeded in 1 sample).

For available samples, water quality was evaluated in 
relation to suitability for agricultural and livestock use. Con-
centrations of 5 characteristics and constituents exceeded State 
of Wyoming agricultural-use standards and concentrations of 
3 exceeded State of Wyoming livestock standards (appendixes 
6, 7-1 to 7-2). Characteristics and constituents measured at 
concentrations greater than agricultural-use standards included 
TDS (standard exceeded in 7 of 8 samples), sulfate (standard 
exceeded in 2 of 8 samples), chloride (standard exceeded in 
7 of 8 samples), and iron and manganese (standards exceeded 
in 1 sample). In general, water from the Lance aquifer was 
suitable for livestock use, but some concentrations of three 
characteristics and constituents were greater than livestock 
standards: pH (upper limit of standard exceeded in 2 of 
8 samples), TDS (standard exceeded in 4 of 8 samples), and 
chloride (standard exceeded in 2 of 8 samples).

Fox Hills Sandstone
The Fox Hills Sandstone, which contains the Fox Hills 

aquifer, occurs at or near the land surface throughout the 
county, although little of it has been mapped (Lowry and 
others, 1973). Several hundred feet of marine strata that had 
been assigned to the lower Medicine Bow Formation were 
renamed as the Fox Hills Sandstone (Dorf, 1938; Gill and 
others, 1970). It also has been mapped with the Lewis Shale 
(Lowry and others, 1973; Love and Christiansen, 1985). The 
Fox Hills Sandstone is pale yellowish-gray, very fine-to fine-
grained sandstone with a few beds of olive-gray to dark-gray 
sandy shale, thin carbonaceous shale, and thin impure beds 
of coal (Gill and others, 1970). It is a shallow-marine, bar-
rier-bar, and beach deposit that reflects the transition from the 
underlying marine shale (Lewis Shale) to overlying fluvial 
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(Lance and Medicine Bow Formations) units. Gill and others 
(1970) reported the thickness of the Fox Hills Sandstone as 
200-700 ft.

Richter (1981) defined the Lance Formation as a “minor 
aquifer” and grouped the Late Cretaceous-age Lance and Fox 
Hills Formations with Tertiary-age formations in the Great 
Divide and Washakie Basins into a hydrogeologic unit defined 
as the “Tertiary aquifer system.” The USGS defined the aqui-
fer as a “principal aquifer” (Whitehead, 1996) and referred to 
the aquifer as part of the “Upper Cretaceous aquifers” cat-
egory on the national Principal Aquifers map (U.S. Geological 
Survey, 2003).

Little hydrogeologic information is available for the Fox 
Hills aquifer in Carbon County. Collentine and others (1981) 
reported that transmissivity values ranged from about 1.3 to 
about 2.7 ft2/d, based on oil-field data in the Great Divide and 
Washakie Basins. Spring-discharge and well-yield measure-
ments from the USGS NWIS database were reviewed for this 
study, but no measurements were available for the Fox Hills 
aquifer in Carbon County.

The chemical composition of ground water in the Fox 
Hills aquifer in Carbon County was characterized and the 
quality was evaluated on the basis of only one co-produced oil 
and gas sample. Based on the TDS concentration, the water 
was classified as moderately saline (fig. 26C). The sample 
was a sodium-bicarbonate type water (fig. 26C). Hardness was 
soft. Based on the few analyses available for this one sample, 
the water was not suitable for domestic or agricultural use.

Lewis Shale
The Lewis Shale occurs at or near the land surface 

between the basins and uplifts of the county (fig. 25). It is a 
gradational change from the overlying Fox Hills Sandstone 
and the underlying Almond Formation (Mesaverde Group) 
(fig. 9). The middle sandy unit, called the Dad Sandstone 
Member (Gill and others, 1970), is a tongue of the Fox Hills 
Sandstone. The Lewis Shale is a dark-gray to olive-gray to 
buff, silty to sandy shale with dark-gray to brown carbo-
naceous deposits, fossiliferous limestone, siltstone concre-
tions, very fine-to medium-grained, yellowish-gray to brown 
sandstones, and yellowish-gray non-resistant siltstones (Berry, 
1960; Welder and McGreevy, 1966; Gill and others, 1970; 
Lowry and others, 1973). The Lewis Shale was deposited in 
a marine environment. The thickness is difficult to determine 
because of its gradational contact with the Fox Hills Sand-
stone, and because the two formations are sometimes mapped 
together and sometimes separately. Gill and others (1970) 
measured 2,300 ft of Lewis Shale in the northwestern part of 
the Hanna Basin and 2,600 ft in the southeastern part of the 
Carbon Basin. The formation is a source of natural gas in the 
Washakie Basin–Wamsutter Arch area and a source of oil in 
the northwestern part of the Hanna Basin (De Bruin, 2002).

Because shale is the predominant lithology in the Lewis 
Shale, and shale generally yields small quantities of water, the 
formation generally is considered to contain a poor aquifer 

in the Great Divide and Washakie Basin areas (Berry, 1960; 
Welder and McGreevy, 1966). It is usually defined as a confin-
ing unit in the Great Divide and Washakie Basins (Collentine 
and others, 1981) and in the area of the Laramie, Shirley, 
and Hanna Basins (Richter, 1981). In the Great Divide and 
Washakie Basins, Collentine and others (1981) defined the 
Lewis Shale as a regional confining layer (aquitard) between 
the underlying Mesaverde aquifer and the overlying Tertiary 
aquifer system. These previous investigators also noted that 
some sandstone lenses in the formation will yield small quan-
tities of water to wells.

Little hydrogeologic information is available for the 
Lewis Shale in Carbon County. Collentine and others (1981) 
reported transmissivity values ranging from less than 1 to 
about 6.7 ft2/d, based on oil-field data in the Great Divide and 
Washakie Basins.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. Four mea-
surements of well yields for pumped wells ranged from 1.5 to 
18 gal/min, with a median yield of about 2 gal/min. Three 
measured discharges for springs ranged from 1 to 2 gal/min 
with a median discharge of 1 gal/min.

The chemical composition of ground water in the Lewis 
Shale in Carbon County was characterized and the quality 
evaluated on the basis of new and historical samples collected 
from wells and springs. About one-half of the samples were 
co-produced oil and gas water. TDS concentrations were 
highly variable and indicated that water was fresh to briny 
(fig. 26D). Water that was classified as either very saline or 
briny was co-produced oil and gas water. Ionic compositions 
indicated that cation composition generally was dominated by 
sodium, and anion composition was highly variable (fig. 26D). 
TDS, sodium, and chloride concentrations significantly 
increased with increasing well depth (appendix 8). Hard-
ness varied considerably and ranged from soft to very hard, 
although more than one-half of samples were classified as very 
hard and no samples were classified as hard.

Concentrations of some characteristics and constituents 
in the Lewis Shale approached or exceeded applicable USEPA 
or State of Wyoming water-quality standards and could limit 
the suitability of water for some intended uses. Constituents 
measured at concentrations greater than health-based stan-
dards included fluoride (MCL exceeded in 2 of 9 samples), 
boron (proposed HAL exceeded in 4 of 9 samples), radon 
(proposed 300-pCi/L MCL exceeded in both samples), and 
uranium (MCL exceeded in 1 of 2 samples) (appendixes 6, 7-1 
to 7-4). Concentrations for some characteristics and constitu-
ents exceeded aesthetic standards for domestic use including 
pH (less than SMCL lower limit in 2 of 16 samples and greater 
than SMCL upper limit in 3 of 16 samples), TDS (SMCL 
exceeded in all 19 samples), sulfate (SMCL exceeded in 7 of 
19 samples), chloride (SMCL exceeded in 6 of 19 samples), 
fluoride (SMCL exceeded in 5 of 9 samples), aluminum 
(SMCL exceeded in 1 of 3 samples), and manganese (SMCL 
exceeded in 3 of 6 samples). Most characteristic and constitu-
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ent exceedances were attributable to co-produced oil and gas 
water samples.

In relation to suitability for agricultural and livestock use, 
concentrations of 8 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 4 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-4). Many characteristics and constituents 
were measured at concentrations greater than agricultural-
use standards and included pH (upper limit exceeded in 1 of 
16 samples), TDS (standard exceeded in 12 of 19 samples), 
SAR (standard exceeded in 5 of 9 samples), sulfate (standard 
exceeded in 7 of 19 samples), chloride (standard exceeded in 
10 of 19 samples), aluminum (SMCL lower limit exceeded in 
1 of 3 samples), boron (standard exceeded in 3 of 9 samples), 
and manganese (standard exceeded in 1 of 6 samples). Some 
water from the Lewis Shale was unsuitable for livestock use 
and four characteristics and constituents were measured at 
concentrations greater than livestock standards: pH (less than 
lower limit in 2 of 16 samples and greater than upper limit in 
3 of 16 samples), TDS (standard exceeded in 8 of 19 samples), 
sulfate (standard exceeded in 3 of 19 samples), and chloride 
(standard exceeded in 4 of 19 samples). Many characteristic 
and constituent exceedances were attributable to co-produced 
oil and gas water samples.

Mesaverde Group or Formation
The Mesaverde Group or Formation, which contains the 

Mesaverde aquifer, occurs at or near the land surface between 
the basins and uplifts of the county (fig. 25). It is a gradational 
change from the underlying Steele and Cody Shales to the 
overlying Lewis Shale (fig. 9). The Mesaverde Formation 
occurs in the Lamont area, where much of the formation was 
eroded prior to and following the deposition of the Teapot 
Sandstone Member (Reynolds, 1966, 1967). Reynolds (1966, 
1967) indicated that the Mesaverde Formation was completely 
eroded from areas north and west of Lamont. The rest of the 
county has rocks of the Mesaverde Group, as assigned by Gill 
and others (1970), which consists of the Almond Formation, 
Pine Ridge Sandstone (Teapot Sandstone Member equivalent), 
Allen Ridge Formation (western and central Carbon County), 
Rock River Formation (eastern Carbon County), and Hay-
stack Mountains Formation (fig. 9). In the greater Green River 
Basin, the Ericson Sandstone is equivalent to the Pine Ridge 
and Allen Ridge Formations (Love and others, 1993). Previ-
ous studies (Bowen, 1918; Dobbin, Bowen and Hoots, 1929) 
referred to an upper sequence (sandstone, shale, carbonaceous 
shale, and coal), a middle sequence (sandstone, carbonaceous 
shale, and coal of fresh-and brackish-water origin), and a 
lower sequence (marine sandstone and shale).

The undifferentiated Mesaverde Formation in the north-
west corner of the county is described as light gray to brown, 
very fine-to medium-grained sandstone interbedded with gray 
to dark-gray shale, siltstone, lenses of carbonaceous shale, 
thin lenses of lignite, and thick sections of coal (Berry, 1960; 
Reynolds, 1966; Welder and McGreevy, 1966). Reynolds 

(1966, 1967) described the Teapot Sandstone Member as a 
lower light-gray to white sandstone and an upper sequence of 
reddish-brown to white weathered carbonaceous siltstone and 
sandstone beds. Reynolds (1966) indicated that the Mesaverde 
Formation is of littoral, shallow marine, brackish, and non-
marine origins. Berry (1960) and Welder and McGreevy 
(1966) gave a maximum thickness of 2,800 ft.

The Almond Formation of the Mesaverde Group inter-
tongues with the overlying Lewis Shale (fig. 9) (Gill and 
others, 1970). The Almond Coal Group was described by 
Schultz (1909) and raised to formation rank by Sears (1926). 
It is described as interbedded sandstone, siltstone, shale, and 
coal (Welder and McGreevy, 1966; Gill and others, 1970). The 
very fine-grained sandstone is white to pale yellowish-gray to 
dusky yellow, and it weathers to brown (Schultz, 1909; Gill 
and others, 1970). The shales are dark-gray to olive-gray or 
brownish-gray to brownish-black and carbonaceous to coaly 
(Schultz, 1909; Gill and others, 1970). Gill and others (1970) 
indicated that the lower part is fluvial sandstone, shale, and 
coal, whereas the upper part is shallow-water marine sand-
stone, lagoonal or brackish-water rocks, and marine shale 
(tongues of Lewis Shale). The formation ranges from 0 to 
600 ft thick.

The Pine Ridge Sandstone of the Mesaverde Group is a 
white to pale yellowish-gray to light-gray, fine-to medium-
grained, non-marine sandstone (Dobbin, Hoots, and others, 
1929; Gill and others, 1970). Gill and others (1970) indicate 
that this formation is equivalent to the Teapot Sandstone 
Member of the Mesaverde Formation. The Pine Ridge Sand-
stone also contains beds of light-gray carbonaceous shale, 
gray sandy shale, and beds of impure coal (Dobbin, Hoots and 
others, 1929; Gill and others, 1970). Gill and others (1970) 
noted that this is a fluvial deposit during the eastward regres-
sive tongue of the Mesaverde Group, with a thickness of 60 to 
450 ft.

The Allen Ridge Formation of the Mesaverde Group 
intertongues with the Rock River Formation in the north-
western Laramie Basin (fig. 9). It consists of an upper unit 
of reddish-brown carbonaceous shale, shallow-water marine 
sandstone, and dark brownish-gray ironstone-bearing shale 
(Bergstrom, 1959; Gill and others, 1970). The middle unit 
consists of fossiliferous shale, siltstone, and sandstone (Berg-
strom, 1959; Gill and others, 1970). The lower unit consists of 
brown to rusty-brown fluvial sandstone and shale that contains 
many beds of carbonaceous shale, very little coal, and numer-
ous ironstone concretions (Bergstrom, 1959; Gill and others, 
1970). Gill and others (1970) noted that the unit is entirely 
non-marine in the Great Divide and Washakie Basins. They 
also indicated the formation has a thickness of 0 to 1,275 ft.

Darton and Siebenthal (1909) first described the rocks 
of the Rock River Formation of the Mesaverde Group in the 
northern Laramie Basin, but the formation was named by Gill 
and others (1970). It grades westerly into the Allen Ridge 
Formation (fig. 9) and easterly into the Pierre Shale (Gill and 
others, 1970). Gill and others (1970) described it as light-gray 
to light-brown, very fine-to fine-grained sandstone that is 
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Figure 26.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in Upper Cretaceous hydrogeologic units, Carbon County, Wyoming.
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Figure 26.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in Upper Cretaceous hydrogeologic units, Carbon County, Wyoming.—Continued
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Figure 26.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in Upper Cretaceous hydrogeologic units, Carbon County, Wyoming.—Continued
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Figure 26.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in Upper Cretaceous hydrogeologic units, Carbon County, Wyoming.—Continued
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Total dissolved-solids concentration, in milligrams per liter,
  and U.S. Geological Survey salinity classification
  Less than 1,000; fresh
  1,000–3,000; slightly saline
  3,000–10,000; moderately saline
  10,000–35,000; very saline
  More than 35,000; briny

locally shaly, with a few beds of soft sandy shale. They noted 
that this shallow-water marine unit has a maximum thickness 
of about 1,565 ft.

The Haystack Mountains Formation is the oldest unit of 
the Mesaverde Group and has a gradational contact with the 
underlying Steele Shale (fig. 9). Gill and others (1970) named 
three sandstone members of the unit: Hatfield (in upper part), 
O’Brien Spring (in middle part), and Tapers Ranch (at base) 
Sandstone Members. They described the unit as pale yellow-
ish-gray, very fine to fine-grained sandstone interbedded with 
gray to brownish-gray shale and sandy shale containing fos-
siliferous concretions of ironstone, limestone, or argillaceous 
sandstone. The sandstone is a near-shore to off-shore marine 
deposit, whereas the shales are deep marine deposits. Gill and 
others (1970) gave the thickness as 850 to 2,550 ft.

There have been numerous small coal mines, pros-
pects, and proposed mines in the Mesaverde Formation or 
Group in the western part of Carbon County (Jones, 1991). 
The Mesaverde Group is a source of natural gas, by both 
conventional and coalbed-methane extraction methods, in 

the Washakie and Hanna Basins and the Wamsutter Arch 
(De Bruin, 2002; Wyoming Oil and Gas Conservation Com-
mission, 2004). In the Washakie Basin, the production zones 
are separable into the Almond Formation and the Ericson 
Sandstone, which is the greater Green River Basin equivalent 
to the Pine Ridge and Allen Ridge Formations (Love and 
others, 1993; De Bruin, 2002). The Mesaverde Formation 
or Group has been a source of oil in the Carbon Basin area 
(De Bruin, 2002) and also is a potential source for refractory 
clay and dimensional or ornamental stone near Rawlins (Har-
ris and others, 1985; Harris and Meyer, 1986; Harris, 1996).

The Mesaverde Group or Formation is defined as an aqui-
fer by all previous investigators, even though hydrogeologic 
characteristics of the individual formations composing the unit 
can vary. Collentine and others (1981) defined the formation 
as a “major aquifer” in the Great Divide and Washakie Basins, 
and Richter (1981) defined the formation as a “secondary 
aquifer” in the general vicinity of the Laramie, Shirley, and 
Hanna Basins (including Carbon County). Domestic or stock 
wells generally are completed only in areas where the forma-
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tion is exposed. The USGS defined the Mesaverde aquifer as 
a “principal aquifer” (Whitehead, 1996) and referred to the 
formation as part of the “Upper Cretaceous aquifers” category 
on the national Principal Aquifers map (U.S. Geological Sur-
vey, 2003).

In the Rawlins Uplift area, Berry (1960) noted limited 
potential for development of the Mesaverde aquifer. He 
noted that much of the formation was unsaturated in the area, 
although the formation was saturated downdip in some loca-
tions and that “the sandstone beds probably will yield water to 
wells along the western flank of the Rawlins Uplift” (Berry, 
1960, p. 22). He also noted that the area in which wells could 
be located in the saturated zone of the formation in the Rawl-
ins Uplift area was small because of the steep dip of the beds 
in the area.

Welder and McGreevy (1966) reported that the ground-
water development possibilities of the undifferentiated 
Mesaverde Formation in the Great Divide and Washakie 
Basins were largely unknown. They reported that yields from 
two wells were 5 and 40 gal/min. They also noted that ground-
water development possibilities in the Almond Formation 
of the Mesaverde Group “are largely unknown but probably 
fair” and noted that yields of 20 to 100 gal/min were possible 
(Welder and McGreevy, 1966, sheet 3).

Collentine and others (1981) summarized hydraulic prop-
erties for the Mesaverde aquifer throughout the Great Divide 
and Washakie Basins, including a discussion describing 
hydraulic characteristics of the aquifer within western Carbon 
County (eastern margin of the Great Divide and Washakie 
Basins). The investigators reported that well yields in this 
area ranged from 15 to 40 gal/min, and that specific capacity 
values estimated from aquifer tests on these same wells ranged 
from less than 2 to greater than 20 (gal/min)/ft. Transmissivity 
values estimated from two of these wells were reported to be 
less than 402 ft2/d. Transmissivity values estimated from five 
drill stem tests were low and ranged from about 0.5 to about 
9 ft2/d. In addition, the investigators constructed a generalized 
potentiometric map for the same area within Carbon County 
(Collentine and others, 1981, p. 61). The map shows that 
ground-water flow in the area generally is towards the west, 
away from the outcrop areas (and source of recharge), and 
towards the Great Divide and Washakie Basin centers.

Richter (1981) summarized hydraulic properties for the 
Mesaverde aquifer in the Laramie, Shirley, and Hanna Basin 
areas. In these areas, they reported that the Mesaverde Group 
contained a good aquifer that was laterally continuous and 
semi-confined. The investigators reported that intergranular 
and fracture permeabilities were “large” and that yields from 
wells commonly ranged from 1 to 33 gal/min. They also noted 
that faulted and fractured zones within the group were much 
more productive. The Pine Ridge Sandstone was reported 
to be the most productive unit within the Mesaverde Group; 
reported yields ranged from 1 to 50 gal/min, and springs dis-
charged 1 to 5 gal/min.

A potentiometric map constructed by Freethey and Cordy 
(1991, plate 5E) shows the direction of ground-water flow in 

the Mesaverde aquifer including parts within Carbon County 
(fig. 15). The investigators defined the Mesaverde aquifer as 
consisting not only of rocks of the Mesaverde Group, but also 
of rocks from the Lance Formation, Fox Hills Sandstone, and 
the Lewis Shale.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. Sixteen 
measurements of well yields for pumped wells ranged from 
2 to 100 gal/min, with a median yield of about 18 gal/min. 
Four measurements of discharge for flowing wells in the 
Mesaverde aquifer ranged from 5 to 57 gal/min, with a 
median yield of about 35 gal/min. Five measurements of 
discharge for flowing wells in the Almond Formation ranged 
from 6 to 120 gal/min, with a median yield of 13.5 gal/min. 
Fourteen measured discharges for springs ranged from 0.2 to 
35 gal/min, with a median discharge of about 4 gal/min.

The chemical composition of ground water in the 
Mesaverde aquifer in Carbon County was characterized 
and the quality evaluated on the basis of new and historical 
samples collected from wells and springs. Samples collected 
from aquifers in formations composing the Mesaverde Group 
are plotted on the same trilinear diagram (fig. 26E), and if pos-
sible, on individual trilinear diagrams (figs. 26F to 26I). The 
following discussion describing ionic composition is based 
on the trilinear diagram showing all samples from aquifers 
in the various formations comprising the Mesaverde Group 
(fig. 26E). More than one-half of the samples were co-pro-
duced oil and gas water. TDS concentrations were highly 
variable and indicated that water was fresh to briny (fig. 26E). 
Water that was classified as moderately saline to briny was 
co-produced oil and gas water. In fresh or slightly saline 
water, cation composition was relatively mixed but sulfate or 
bicarbonate were the predominant anions (fig. 26E). In the 
moderately saline to briny water associated with co-produced 
oil and gas water, sodium and chloride were the predominant 
ions (fig. 26E). TDS, sodium, potassium, bicarbonate and 
chloride concentrations significantly increased with increasing 
well depth (appendix 8). Hardness, magnesium, and sulfate 
concentrations significantly decreased with increasing well 
depth (appendix 8). Hardness varied considerably and ranged 
from soft to very hard.

For comparison to water-quality standards, character-
istics and constituents for aquifers in the various formations 
comprising the Mesaverde Group were not separated for the 
following discussion; however, some characteristic and con-
stituent boxplots are presented for both the entire Mesaverde 
aquifer and aquifers in individual formations comprising the 
Mesaverde Group (appendixes 6, 7-1 to 7-4). Concentrations 
of some characteristics and constituents in the Mesaverde 
aquifer approached or exceeded applicable USEPA or State of 
Wyoming water-quality standards and could limit the suit-
ability of waters for some intended uses. Constituents mea-
sured at concentrations greater than health-based standards 
included fluoride (MCL exceeded in 3 of 27 samples), boron 
(proposed HAL exceeded in 5 of 26 samples), radon (pro-
posed 300-pCi/L MCL exceeded in 4 of 6 samples), and zinc 
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(HAL exceeded in 1 of 11 samples). Many aesthetic standards 
for domestic use were exceeded by concentrations of some 
characteristics and constituents, and included pH (less than 
the SMCL lower limit in 13 of 119 samples and greater than 
the SMCL upper limit in 14 of 119 samples), TDS (SMCL 
exceeded in 117 of 130 samples), sulfate (SMCL exceeded 
in 20 of 128 samples), chloride (SMCL exceeded in 85 of 
130 samples), fluoride (SMCL exceeded in 6 of 27 samples), 
iron (SMCL exceeded in 33 of 62 samples), and manganese 
(SMCL exceeded in 7 of 20 samples). Most characteristic and 
constituent exceedances were attributable to co-produced oil 
and gas water samples.

In relation to suitability for agricultural and livestock use, 
concentrations of 8 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 4 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-4). Many characteristics and constituents 
were measured at concentrations greater than agricultural-
use standards and included TDS (standard exceeded in 88 of 
130 samples), SAR (standard exceeded in 13 of 38 samples), 
sulfate (standard exceeded in 22 of 128 samples), chloride 
(standard exceeded in 87 of 130 samples), boron (standard 
exceeded in 4 of 26 samples), iron (standard exceeded in 19 of 
62 samples), manganese (standard exceeded in 5 of 20 sam-
ples), and zinc (standard exceeded in 1 of 9 samples). Some 
water from the Mesaverde aquifer was unsuitable for livestock 
use and four characteristics and constituents were measured at 
concentrations greater than livestock standards: pH (less than 
the standard lower limit in 13 of 119 samples and greater than 
the standard upper limit in 14 of 119 samples), TDS (standard 
exceeded in 70 of 130 samples), sulfate (standard exceeded 
in 2 of 128 samples), and chloride (standard exceeded in 63 
of 130 samples). Many characteristic and constituent exceed-
ances were attributable to co-produced oil and gas water 
samples.

Cody Shale
The Cody Shale is equivalent to the Steele Shale and 

Niobrara Formations (fig. 9) and occurs in the northwest-
ern part of Carbon County where the Niobrara Formation is 
poorly developed or missing (fig. 25) (Weitz and Love, 1952; 
Reynolds, 1966; Gill and others, 1970). It is described as gray 
soft shale with thin gray sandstone and siltstone beds (Weitz 
and Love, 1952; Weimer and Guyton, 1961; Welder and 
McGreevy, 1966). Weitz and Love (1952) noted a smoky-gray 
limy shale at the base of the unit. There is a minor amount of 
bentonite in the unit (Weimer and Guyton, 1961, Welder and 
McGreevy, 1966). Weimer and Guyton (1961) indicated that 
this marine shale is 4,500 ft thick.

Because shale is the predominant lithology in the Cody 
Shale, and shale generally yields small quantities of water, the 
formation generally is considered to contain a poor aquifer 
in the Great Divide and Washakie Basin areas (Welder and 
McGreevy, 1966). In the Great Divide and Washakie Basins 
west of the Rawlins Uplift, Collentine and others (1981) 

defined the Cody Shale as a regional confining layer (aquitard) 
between the overlying Mesaverde aquifer and the underlying 
Frontier aquifer. The USGS defined the formation as a “con-
fining unit” (Whitehead, 1996). These previous investigators 
also noted that some sandstone lenses are present in the forma-
tion and will yield small quantities of water to wells, although 
water likely is highly mineralized.

Little hydrogeologic information is available for the 
Cody Shale in Carbon County. Spring-discharge and well-
yield measurements from the USGS NWIS database were 
reviewed for this study. Seven measurements of well yields for 
pumped wells ranged from 1.5 to 33 gal/min, with a median 
yield of about 11 gal/min. The yield for one flowing well was 
10 gal/min. There were no measured discharges for springs in 
the Cody Shale in Carbon County.

The chemical composition of ground water in the Cody 
Shale in Carbon County was characterized and the quality 
evaluated on the basis of only three new and two historical 
water-quality samples collected from wells. TDS concentra-
tions were highly variable and indicated that water ranged 
from fresh to moderately saline (fig. 26J). Fresh water was 
classified as either calcium-bicarbonate or sodium-bicarbon-
ate-sulfate type. The water samples classified as slightly saline 
or moderately saline were sodium-sulfate types (fig. 26J). 
Hardness for all samples was very hard.

Concentrations of some characteristics and constituents 
in the Cody Shale approached or exceeded applicable USEPA 
or State of Wyoming water-quality standards and could limit 
the suitability of water for some intended uses. Most water 
was suitable for domestic use but concentrations of one con-
stituent exceeded health-based standards (appendixes 6, 7-1 to 
7-4). Radon was the only constituent measured at concentra-
tions greater than health-based standards (proposed 300-pCi/L 
MCL exceeded in all three samples), although the arsenic 
concentration in one sample equaled the MCL (based on only 
three samples). Compared to health-based standards, aesthetic 
standards for domestic use were exceeded by more character-
istics and constituents and more frequently and included TDS 
(SMCL exceeded in 3 of 5 samples), sulfate (SMCL exceeded 
in 2 of 5 samples), and manganese (SMCL exceeded in all 
3 samples).

In relation to suitability for agricultural and livestock use, 
concentrations of 5 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 2 exceeded State of Wyoming livestock standards 
(appendixes 6, 7-1 to 7-4). Characteristics and constituents 
measured at concentrations greater than agricultural-use 
standards included TDS (standard exceeded in 2 of 5 samples), 
SAR (standard exceeded in 2 of 4 samples), sulfate (standard 
exceeded in 3 of 5 samples), chloride (standard exceeded in 
1 of 4 samples), and manganese (standard exceeded in 1 of 
3 samples). In general, almost all water from the Cody Shale is 
suitable for livestock use because only TDS and sulfate (stan-
dards exceeded in 1 of 5 samples) were infrequently measured 
at concentrations exceeding livestock standards.
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Steele Shale
The Steele Shale occurs throughout the basins of Carbon 

County, except in the northwestern part of the county, where it 
cannot be differentiated from the underlying Niobrara Forma-
tion and both units are referred to as the Cody Shale (fig. 25). 
It has gradational contacts with the overlying Mesaverde 
Formation as well as with the underlying Niobrara Formation 
(fig. 9). It is a dark-gray shale with some layers of limestone, 
sandstone, siltstone, and bentonite (Dobbin, Bowen and 
Hoots, 1929; Weitz and Love, 1952; Berry, 1960; Harshman, 
1968, 1972; Gill and others, 1970; Naftz and Barclay, 1991). 
Sandstone is more common in the upper parts of the forma-
tion. The formation was deposited in a marine environment. 
The thickness varies from 2,300 to 5,000 ft, depending on how 
the upper and lower gradational contacts are chosen (Gill and 
others, 1970). The formation is a source for oil and natural gas 
in the county, with two named production zones—the Shan-
non and Sussex Sandstones (De Bruin, 2002). The Washakie 
Basin area has mostly gas production, whereas the Kindt, 
Hanna, Carbon and Laramie Basins have mostly oil production 
(De Bruin, 2002). The formation also is a potential source for 
brick clay and bentonite, which had been mined at the Owyhee 
historic bentonite (wilkinite) mining area (Harris and others, 
1985; Harris, 1996).

Because shale is the predominant lithology in the Steele 
Shale, and shale generally yields small quantities of water, the 
formation generally is considered to contain a poor aquifer in 
the Rawlins Uplift and the Great Divide and Washakie Basin 
areas, and throughout Carbon County (Berry, 1960; Welder 
and McGreevy, 1966; Lowry and others, 1973). In the Great 
Divide and Washakie Basins west of the Rawlins Uplift, Col-
lentine and others (1981) defined the Steele Shale as a regional 
confining layer (aquitard) between the overlying Mesaverde 
aquifer and the underlying Frontier aquifer. The USGS defined 
the formation as a “confining unit” (Whitehead, 1996). These 
previous investigators also noted that some sandstone lenses 
are present in the formation and will yield small quantities of 
water to wells, although water likely was highly mineralized.

Little hydrogeologic information is available for the 
Steele Shale in Carbon County. Within the Steele Shale, 
Richter (1981, p. 73) considered the Shannon Sandstone 
Member to be a “reliable, but undeveloped, source of ground 
water.” The investigator reported that water in the unit was 
under confined conditions, and artesian flows ranged from 1 to 
25 gal/min at selected petroleum wells.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. Seven 
measurements of well yields for pumped wells ranged from 
5 to 30 gal/min, with a median yield of 20 gal/min. Two mea-
sured discharges for springs were 0 and 2 gal/min.

The chemical composition of ground water in the Steele 
Shale in Carbon County was characterized and the quality 
evaluated on the basis of new and historical samples collected 
from wells and springs. TDS concentrations were highly 
variable and indicated that water ranged from fresh to very 

saline (fig. 26K). Cation composition in most waters generally 
was mixed (fig. 26K). Anion composition was predominantly 
bicarbonate in fresh water, predominantly sulfate in slightly 
saline water, and predominantly either chloride or sulfate in 
moderately saline or very saline water (fig. 26K). In three co-
produced oil and gas water samples, sodium was the predomi-
nant cation and bicarbonate and chloride were the predominant 
anions. Chloride concentrations significantly increased with 
increasing well depth (appendix 8). Hardness varied consider-
ably and ranged from soft to very hard, although more than 
one-half of the samples were classified as very hard.

Concentrations of some characteristics and constituents in 
the Steele Shale approached or exceeded applicable USEPA or 
State of Wyoming water-quality standards and could limit the 
suitability of water for some intended uses. Concentrations of 
seven characteristics and constituents exceeded health-based 
standards (appendixes 7-1 to 7-4). Constituents measured at 
concentrations greater than health-based standards included 
antimony, arsenic, selenium, and uranium (MCLs exceeded 
in 1 of 3 samples); boron (proposed HAL exceeded in 2 of 
8 samples); molybdenum and nickel (HALs exceeded in 1 of 
3 samples); radon (proposed 300-pCi/L MCL exceeded in 1 of 
3 samples); and nitrate (MCL exceeded in 1 of 7 samples). 
In comparison to health-based standards, aesthetic standards 
for domestic use were exceeded by more characteristics and 
constituents and more frequently, including pH (SMCL upper 
limit exceeded in 1 of 10 samples), TDS (SMCL exceeded 
in 12 of 13 samples), sulfate (SMCL exceeded in 8 of 
13 samples), chloride (SMCL exceeded in 4 of 11 samples), 
iron (SMCL exceeded in 1 of 4 samples), manganese (SMCL 
exceeded in 2 of 4 samples), and selenium (SMCL exceeded 
in 1 of 3 samples).

In relation to suitability for agricultural and livestock use, 
concentrations of 10 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 5 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-4). Characteristics and constituents 
measured at concentrations greater than agricultural-use stan-
dards included TDS (standard exceeded in 6 of 13 samples); 
SAR (standard exceeded in 4 of 8 samples); sulfate (standard 
exceeded in 8 of 13 samples); chloride (standard exceeded in 
4 of 11 samples); boron (standard exceeded in 2 of 8 samples); 
cobalt, lithium, nickel, and selenium (standards exceeded in 
1 of 3 samples); and manganese (standard exceeded in 2 of 
4 samples). In general, water from the Steele Shale is suitable 
for livestock use; however, five characteristics and constituents 
were measured at concentrations greater than livestock stan-
dards: pH (upper limit standard exceeded in 1 of 10 samples), 
TDS (standard exceeded in 4 of 13 samples), sulfate (standard 
exceeded in 2 of 13 samples), chloride (standard exceeded 
in 2 of 11 samples), and selenium (standard exceeded in 1 of 
3 samples).

The chemical composition of ground water in the Shan-
non Sandstone Member of the Steele Shale in Carbon County 
was characterized and the quality evaluated on the basis of his-
torical samples collected from wells. All of the samples were 
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co-produced oil and gas water. TDS concentrations were high 
and all but one water sample was classified as very saline; 
the remaining sample was classified as moderately saline 
(fig. 26L). Ionic compositions indicated that all co-produced 
water was sodium-chloride type (fig. 26L). TDS, sodium, and 
chloride concentrations significantly increased with increas-
ing well depth (appendix 8). Hardness varied considerably and 
ranged from soft to very hard, although more than two-thirds 
of samples were classified as very hard. Because of very high 
salinity (TDS) and chloride concentrations (appendix 7-2), 
co-produced oil and gas water from the Shannon Sandstone 
Member generally is unsuitable for all uses.

Niobrara Formation
The Niobrara Formation occurs throughout the basins of 

Carbon County (fig. 25), except in the northwestern part of the 
county where it cannot be differentiated from the overlying 
Steele Shale and both units are referred to as the Cody Shale 
(fig. 9). It has a gradational contact with the overlying Steele 
Shale (fig. 9). It is a dark-gray calcareous shale with some 
light-colored layers of limestone, chalk, and sandstone, (Dob-
bin, Bowen and Hoots, 1929; Weitz and Love, 1952; Berry, 
1960; Harshman, 1968, 1972). There are some thin layers of 
white crystalline calcite (Dobbin, Bowen and Hoots, 1929). 
Hale (1961) noted that the Niobrara Formation is lighter in 
color and more calcareous than the overlying Steele Shale. 
The formation was deposited in a marine environment. The 
thickness varies from 700 ft in the Hanna and Carbon Basins 
(Dobbin, Bowen and Hoots, 1929) to 2,000 ft in the Washakie 
Basin (Welder and McGreevy, 1966). The formation is a 
source for oil in the western part of the county, as well as a 
source for natural gas in the Washakie Basin (De Bruin, 2002).

Like the previously discussed Lewis, Cody, and Steele 
Shales, shale is the predominant lithology in the Niobrara 
Formation and the formation generally is considered to contain 
a poor aquifer in the Rawlins Uplift and Great Divide and 
Washakie Basin areas and throughout Carbon County (Berry, 
1960; Welder and McGreevy, 1966; Lowry and others, 1973). 
In the Great Divide and Washakie Basins west of the Rawl-
ins Uplift, Collentine and others (1981) defined the Niobrara 
Formation as a regional confining layer (aquitard) between 
the overlying Mesaverde aquifer and the underlying Frontier 
aquifer. The USGS defined the formation as a “confining 
unit” (Whitehead, 1996). These previous investigators also 
noted that sandstone lenses are present in the formation and 
will yield small quantities of water to wells, although water is 
likely highly mineralized. 

Little hydrogeologic information is available for the Nio-
brara Formation in Carbon County. Richter (1981, table IV‑4, 
p. 62) reported a transmissivity value of about 10 ft2/day for 
one well in an oil and gas field in Carbon County  
(T. 24 N., R. 86 W.). Spring-discharge and well-yield measure-
ments from the USGS NWIS database were reviewed for this 
study. There were no measured well yields in the Niobrara 

Formation in Carbon County. The measured discharge for one 
spring was 0.1 gal/min.

The chemical composition of ground water in the Nio-
brara Formation in Carbon County was characterized and the 
quality evaluated on the basis of only three historical water-
quality samples collected from two wells and one spring. Ionic 
compositions indicated that the fresh water sample was classi-
fied as calcium-bicarbonate type (fig. 26M). The moderately 
saline and very saline water were co-produced oil and gas 
water and were classified as sodium-chloride type (fig. 26M). 
Hardness for all three samples was very hard.

Based on the few characteristics and constituents ana-
lyzed, the water sample classified as fresh (from a spring) is 
suitable for domestic, agricultural, and livestock use—the only 
domestic standard exceeded was manganese (aesthetic SMCL) 
and no agricultural or livestock-use standards were exceeded 
(appendixes 7-1 and 7-2). Based on the few characteristics 
and constituents analyzed, TDS and chloride concentrations 
in the remaining two co-produced oil and gas water samples 
exceeded both State of Wyoming agricultural and livestock-
use standards. The sulfate concentration in one sample 
exceeded the agricultural-use standard. Water-quality analyses 
were available only for three samples in the county and it is 
unknown how representative these three samples are of the 
formation.

Frontier Formation
The Frontier Formation, which contains the Frontier 

aquifer, is present throughout the basins of the county, with 
outcrops occurring near the uplifts (fig. 25). It is predomi-
nately a dark-gray shale with beds of sandstone near the 
top (Wall Creek Sandstone Member). In the Shirley Basin, 
Harshman (1968, 1972) described the lower part of the forma-
tion as dark-gray carbonaceous shale and the upper part as 
similar shale with interbedded gray to brownish-gray fine 
to medium-grained sandstone. At the top, Harshman (1968, 
1972) described the Wall Creek Sandstone as a series of fine 
to coarse-grained buff to greenish-gray sandstone beds that 
are interbedded with dark-gray shale. He also noted that the 
basal part can be a reddish to purplish-gray siltstone or sandy 
siltstone in some areas, whereas other areas have a basal part 
that is a gray silty sandstone and shale. In the Hanna and 
Carbon Basins, the Frontier Formation is described as a dark-
gray to black shale and the Wall Creek Sandstone Member is 
described as sandstone interbedded with some shale (Dobbin, 
Bowen and Hoots, 1929). In the western part of the county, 
the Frontier Formation is described as gray to grayish-brown 
calcareous silty to sandy shale that has lenses of bentonite 
and beds of fine-to medium-grained sandstone (Berry, 1960; 
Merewether and Cobban, 1972). Merewether and Cobban 
(1972) referred to the lower part as the Belle Fourche Shale 
Member and the upper part as the Wall Creek Sandstone 
Member. They described an unnamed middle member as 
brownish-gray carbonaceous siltstone and shale or silty very 
fine to fine-grained sandstone.
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The Frontier Formation is a marine deposit that accumu-
lated on shallow shelves as channel deposits and near-shore 
and offshore bars (Merewether and others, 1979). The Frontier 
Formation ranges from 500 to 1,230 ft thick (Merewether and 
Cobban, 1972). The Wall Creek Sandstone Member ranges 
from 40 ft in the eastern part of the county (Dobbin, Hoots and 
others, 1929) to about 350 ft in the western part of the county 
(Merewether and Cobban, 1972).

The Frontier Formation is a source for oil and gas in the 
county (De Bruin, 2002). Most of the gas production occurs 
north of Rawlins and in the Washakie Basin, whereas most 
of the oil production occurs in the area of the Hanna, Carbon 
and Laramie Basins (De Bruin, 2002). The formation also is 
a potential source for iron and manganese in the Como Bluff 
area (Harris and others, 1985; Harris, 1996).

The Frontier Formation is defined as an aquifer by 
previous investigators. Collentine and others (1981) defined 
the formation as a “secondary aquifer” confined above by 
shale of the Cody Shale or Niobrara Formation and below by 
the Mowry Shale in the Great Divide and Washakie Basins. 
Similarly, Richter (1981) defined the formation as a “second-
ary aquifer” in the general vicinity of the Laramie, Shirley, and 
Hanna Basins (including Carbon County). Domestic or stock 
wells generally are completed only in areas where the forma-
tion is exposed.

In the Rawlins Uplift area, Berry (1960, p. 20) noted that 
sandstone beds in the Frontier Formation “yield moderate 
amounts of water.” He noted that water in the Frontier aquifer 
generally is under confined conditions (artesian pressure) and 
that wells completed in the aquifer will flow at some locations. 
He reported that one well in the Miller Hill area south of the 
Rawlins Uplift area yielded 50 gal/min and that as much as 
100 gal/min might be obtained from other locations.

Richter (1981) reported that little hydraulic information 
was available describing the Frontier aquifer in the general 
vicinity of the Laramie, Shirley, and Hanna Basins, but devel-
opment potential for ground-water supplies was “good.” He 
reported that water in the aquifer was semiconfined or artesian 
depending on confining layer continuity.

Collentine and others (1981) summarized hydraulic 
properties for the Frontier aquifer in the Great Divide and 
Washakie Basins. The area of the aquifer within Carbon 
County, on the eastern margin of the Great Divide and 
Washakie Basins, was considered the most “productive.” 
Reported yields ranged from 1 to 100 gal/min. Transmissivity 
values from water wells were estimated to range from 2,010 
to 2,680 ft2/day. Reported specific capacity values ranged 
from 0.3 to 30 (gal/min)/ft. Transmissivity values estimated 
from drill stem tests generally were less than about 13 ft2/day, 
although a maximum value of 871 ft2/day was reported. 
Transmissivity variation was attributed to varying percentages 
of bentonite and shale within tested open intervals. In addition, 
the investigators constructed a generalized potentiometric map 
for the Frontier aquifer within the basins, including Carbon 
County (Collentine and others, 1981, figure V-4, p. 63). The 
map shows that ground-water flow in the area generally is 

towards the west, away from the outcrop areas (and source of 
recharge), and towards the Great Divide and Washakie Basin 
centers. 

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. Four mea-
surements of well yields for pumped wells ranged from 5 to 
50 gal/min, with a median yield of about 35 gal/min. The yield 
for one flowing well was 1 gal/min. There were no measured 
flows for springs discharging from the Frontier Formation in 
Carbon County.

The chemical composition of ground water in the Frontier 
aquifer in Carbon County was characterized and the quality 
evaluated on the basis of historical samples collected from 
wells and one spring. TDS concentrations were highly vari-
able and indicated that salinity ranged from fresh to briny 
(fig. 26N). Sodium was the predominant cation in all but 
one water sample, regardless of salinity classification. Water 
samples classified as either very saline or briny were co- 
produced oil and gas water, and chloride was the predomi-
nant anion. Bicarbonate was the predominant anion in all 
water samples classified as fresh and in most water samples 
classified as slightly saline. The predominant anion in mod-
erately saline waters was bicarbonate, sulfate, or a mixture 
of bicarbonate and chloride. Concentrations of most charac-
teristics and constituents (TDS, hardness, calcium, magne-
sium, sodium, potassium, sulfate, and chloride) significantly 
increased with increasing well depth (appendix 8). Hardness 
was either soft or very hard; more than one-half of samples 
were classified as very hard.

Based on the few characteristics and constituents ana-
lyzed, some concentrations in samples from the Frontier 
aquifer approached or exceeded applicable USEPA or State of 
Wyoming water-quality standards and could limit the suitabil-
ity of water for some intended uses. Although most measured 
salinities would preclude domestic use, boron was the only 
measured constituent with a concentration that exceeded 
a health-based standard (proposed HAL exceeded in 1 of 
5 samples) (appendixes 7-1 to 7-4). Aesthetic standards for 
domestic use were exceeded by concentrations of some char-
acteristics and constituents, including pH (SMCL upper limit 
exceeded in 4 of 17 samples), TDS (SMCL exceeded in 20 of 
21 samples), sulfate (SMCL exceeded in 3 of 21 samples), 
chloride (SMCL exceeded in 14 of 21 samples), and fluoride 
(SMCL exceeded in 1 of 5 samples). Most characteristic and 
constituent exceedances were attributable to co-produced oil 
and gas water samples.

In relation to suitability for agricultural and livestock use, 
concentrations of 5 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 3 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-4). Characteristics and constituents 
measured at concentrations greater than agricultural-use stan-
dards included TDS (standard exceeded in 17 of 21 samples), 
SAR (standard exceeded in 4 of 5 samples), sulfate (standard 
exceeded in 3 of 21 samples), chloride (standard exceeded 
in 17 of 21 samples), and boron (standard exceeded in 1 of 
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5 samples). In general, water from the Frontier aquifer is suit-
able for livestock use, but three characteristics and constitu-
ents were measured at concentrations greater than livestock 
standards: pH (upper limit standard exceeded in 4 of 17 
samples), and TDS and chloride (standards exceeded in 12 of 
21 samples). Most characteristic and constituent exceedances 
were attributable to co-produced oil and gas water samples.

Mowry Shale
The Mowry Shale is present throughout the basins of the 

county, with outcrops occurring near the uplifts (fig. 25). It is a 
gray to deep-brown to black siliceous shale with beds of ben-
tonite (Dobbin, Bowen and Hoots, 1929; Berry, 1960; Welder 
and McGreevy, 1966; Harshman, 1972). Harshman (1972) 
noted that some of the bentonite beds are 2 to 3 ft thick and 
some are associated with shale beds that contain considerable 
calcium carbonate. The Mowry Shale is a marine shale that 
contains numerous fish scales. It ranges in thickness from 110 
to 525 ft (Welder and McGreevy, 1966; Harshman, 1972). The 
Mowry Shale is a source for oil and some natural gas in the 
Ferris-Lost Soldier and Laramie Basin areas (De Bruin, 2002). 
The formation also is a source of bentonite (Harris and others, 
1985; Harris, 1996).

Like the previously discussed Lewis, Cody, and Steele 
Shales, and Niobrara Formation of Mesozoic age, shale is 
the predominant lithology in the Mowry Shale and it gener-
ally is considered to contain a poor aquifer in the Rawlins 
Uplift, Great Divide and Washakie Basin areas and throughout 
Carbon County (Berry, 1960; Welder and McGreevy, 1966; 
Lowry and others, 1973). In the Great Divide and Washakie 
Basins west of the Rawlins Uplift, Collentine and others 
(1981) defined the Mowry Shale as a regional confining layer 
(aquitard). The USGS defined the formation as a “confining 
unit” (Whitehead, 1996). Little to no hydrogeologic and water-
quality information was available to characterize the Mowry 
Shale in Carbon County, so the formation was not assessed as 
a part of this study.

Thermopolis Shale and Muddy Sandstone
The Thermopolis Shale is present throughout the 

basins of the county, with outcrops occurring near the uplifts 
(fig. 25). It is a gray to black shale with thin beds of sand-
stone, siltstone, and bentonite (Dobbin, Bowen and Hoots, 
1929; Berry, 1960; Welder and McGreevy, 1966; Harshman, 
1972). The Muddy Sandstone, sometimes referred to as the 
Muddy Sandstone Member of the Thermopolis Shale, is a buff 
to gray silty fine to medium-grained sandstone (Berry, 1960; 
Harshman, 1972). Harshman (1972) described four parts of 
the Thermopolis Shale: (1) a basal gray to black carbonaceous 
shale; (2) the Muddy Sandstone; (3) a brown to gray fine-
grained sandstone interbedded with siltstone and shale that has 
a lignite bed at the top with associated thin, limy sandstone 
beds; and (4) an interval of sandy siltstone and shale at the top 
interbedded with siliceous shale that is typical of the Mowry 
Shale. The Thermopolis Shale primarily is of marine origin; 

an exception is the third unit of Harshman (1972), which is 
of paludal (marsh-like) origin. Curry (1962) indicated that 
the Muddy Sandstone is of shallow marine origin in some 
parts and terrestrial and fresh-water origin in other parts. The 
Thermopolis Shale (including the Muddy Sandstone) is 100 to 
250 ft thick (Lowry and others, 1973). The Muddy Sandstone 
is a source for oil and natural gas in the county, with most of 
the natural gas production occurring in the southwestern part 
of the county (De Bruin, 2002). The Thermopolis Shale also is 
a potential source for iron and manganese in the Como Bluff 
area (Harris and others, 1985; Harris, 1996).

Like the previously discussed Late Cretaceous-age Lewis, 
Cody, Steele, and Mowry Shales, and Niobrara Formation in 
Carbon County, shale is the predominant lithology in the Early 
Cretaceous-age Thermopolis Shale, with the exception of the 
Muddy Sandstone. The formation generally is considered to 
contain a poor aquifer in the Rawlins Uplift, Great Divide and 
Washakie Basin areas and throughout Carbon County (Berry, 
1960; Welder and McGreevy, 1966; Lowry and others, 1973). 
In the Great Divide and Washakie Basins west of the Rawlins 
Uplift, Collentine and others (1981) defined the Thermopo-
lis Shale as a leaky confining unit. Similarly, Richter (1981) 
defined the formation as a leaky confining unit in the Laramie, 
Shirley, and Hanna Basin areas. The USGS defined the forma-
tion as a “confining unit” (Whitehead, 1996).

In Carbon County, most wells in the Thermopolis Shale 
are completed in the Muddy Sandstone within oil and gas 
fields. Little hydrogeologic and water-quality information was 
available to characterize the Thermopolis Shale (including the 
Muddy Sandstone). Richter (1981) reported that transmissiv-
ity values for three oil and gas wells completed in the Muddy 
Sandstone in Carbon County ranged from less than 1 (two 
wells) to 1.34 ft2/day. Spring-discharge and well-yield mea-
surements from the USGS NWIS database were reviewed for 
this study. The measured yield for one pumped well was less 
than 1 gal/min. No discharges were measured for springs in 
the Muddy Sandstone in Carbon County.

The chemical composition of ground water in the Muddy 
Sandstone in Carbon County was characterized and the quality 
evaluated on the basis of historical samples collected from 
wells. All but one sample was co-produced oil and gas water. 
TDS concentrations were highly variable and indicated that 
waters were fresh to very saline (fig. 27A). The one sample 
that was not a co-produced water was classified as fresh and 
was a sodium-bicarbonate water type. Sodium was the pre-
dominant cation regardless of salinity classification. Chlo-
ride was the predominant anion in water classified as either 
moderately saline or very saline. The predominant anion in 
slightly saline water was bicarbonate, sulfate, or a mixture of 
bicarbonate, sulfate and chloride. Hardness varied consider-
ably and ranged from soft to very hard, although no samples 
were classified as hard.

Based on the few characteristics and constituents ana-
lyzed, the concentrations of some characteristics and constitu-
ents in the Muddy Sandstone approached or exceeded appli-
cable USEPA or State of Wyoming water-quality standards 
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Figure 27.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in Lower Cretaceous hydrogeologic units, Carbon County, Wyoming.
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EXPLANATION 

Total dissolved-solids concentration, in milligrams per liter,
  and U.S. Geological Survey salinity classification
  Less than 1,000; fresh
  1,000–3,000; slightly saline
  3,000–10,000; moderately saline
  10,000–35,000; very saline

and could limit the suitability of water for some intended uses. 
Most available water-quality analyses were from co-produced 
water samples, so many characteristic and constituent analyses 
were not available and could not be compared with health-
based, aesthetic, or State of Wyoming agricultural and live-
stock-use standards (appendixes 7-1 to 7-4). Although most 
measured salinities would preclude domestic use, no measured 
constituents exceeded a health-based standard (appendixes 7-1 
and 7-2). Aesthetic standards for domestic use were exceeded 
by some characteristics or constituents including pH (less than 
SMCL lower limit in 2 of 17 samples and greater than SMCL 
upper limit in 2 of 17 samples), TDS (SMCL exceeded in 
17 of 18 samples), sulfate (SMCL exceeded in 4 of 17 sam-
ples), and chloride (SMCL exceeded in 15 of 18 samples).

In relation to suitability for agricultural and livestock use, 
concentrations of three measured characteristics and constitu-
ents exceeded State of Wyoming agricultural and livestock-
use standards (appendixes 7-1 to 7-4). Several characteristics 
and constituents were measured at concentrations greater 
than agricultural-use standards and included TDS and chlo-

ride (standards exceeded in 16 of 18 samples), and sulfate 
(standard exceeded in 4 of 17 samples). Many water samples 
from the Muddy Sandstone were unsuitable for livestock use, 
and three characteristics and constituents were measured at 
concentrations greater than livestock standards: pH (less than 
lower limit in 2 of 17 samples and greater than upper limit in 
2 of 17 samples), and TDS and chloride (standards exceeded 
in 11 of 18 samples).

Cloverly Formation
The Early Cretaceous-age Cloverly Formation, which 

contains the Cloverly aquifer, is present throughout the 
basins of the county, with outcrops occurring near the uplifts 
(fig. 25B). The Cloverly Formation in Carbon County can be 
divided into three parts: (1) an upper fine-to coarse-grained 
white to buff to gray quartzose sandstone, (2) a middle 
sequence of green shale to gray carbonaceous shale with inter-
bedded buff fine-grained well-cemented silty sandstone and 
some thin bentonite layers, and (3) a lower light-gray to white 
fine to medium-grained to conglomeratic sandstone with chert 
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pebbles (Dobbin, Bowen and Hoots, 1929; Dobbin, Hoots 
and others, 1929; Berry, 1960; Harshman, 1972). The upper 
part of the formation is equivalent to the Dakota Sandstone, 
the middle part to the Fuson Shale, and the lower part to the 
Lakota Sandstone of adjacent areas (Agatston, 1951).

Based on fossil assemblages, Curry (1962, p. 118) 
reported that terrestrial and fresh-water depositional environ-
ments probably persisted during the Early Cretaceous Epoch 
in central Wyoming. He also stated that considerable evidence 
exists that the uppermost fluvial deposits of the Cloverly For-
mation were partially reworked by the advancing Cretaceous 
seas (Curry, 1962, p. 118). The Cloverly Formation is as much 
as 200 ft thick in the Shirley Basin (Harshman, 1972).

The Cloverly Formation is a source of oil and natural gas 
in the county, with mostly gas production in the southwestern 
part of the county and mostly oil production in the eastern part 
(De Bruin, 2002). Convention by many oil and gas producers 
is to discuss the Cloverly Formation in Carbon County as the 
Dakota and Lakota Sandstones.

The Cloverly Formation is defined as an aquifer by many 
previous investigators (Berry, 1960; Welder and McGreevy, 
1966; Lowry and others, 1973; Collentine and others, 1981; 
Richter, 1981). Collentine and others (1981) defined the for-
mation as a “major aquifer” in the Great Divide and Washakie 
Basins. Similarly, Richter (1981) defined the formation as a 
“major aquifer” in the general vicinity of the Laramie, Shirley, 
and Hanna Basins (including Carbon County). The USGS also 
defined the formation as a “principal aquifer” (Whitehead, 
1996) and referred to the aquifer as part of the “Lower Cre-
taceous aquifers” category on the national Principal Aquifers 
map (U.S. Geological Survey, 2003). Domestic or stock wells 
generally are completed in the Cloverly aquifer only in areas 
where the formation is exposed.

In the Rawlins Uplift area, Berry (1960, p. 19) described 
the Cloverly Formation as an artesian aquifer with “sufficient 
pressure to flow at the land surface.” He reported yields for 
five flowing wells in the Miller Hill area ranging from 25 to 
85 gal/min. Aquifer tests conducted at three wells in the 
Miller Hill area were described. Transmissivity at one well 
(later defined as the “Pine Grove Ranch well” in James M. 
Montgomery Consulting Engineers (1983)) was estimated to 
be about 214 ft2/day with an associated specific capacity of 
0.86 (gal/min)/ft using the recovery method. The same aquifer 
test was reanalyzed using the discharge (flow) method, and the 
transmissivity was estimated to be 228 ft2/day. Transmissivity 
values at the other two wells estimated using recovery meth-
ods were about 60 and 228 ft2/day, with associated specific 
capacity values of 0.26 and 1.36, respectively. The well with 
the 60 ft2/day estimate was later defined as the “Rawlins- 
Cloverly well” in James M. Montgomery Consulting 
Engineers (1983). Berry (1960, p. 35) also stated that the 
228 ft2/day estimate was “not very reliable.” He also reported 
that water from the Cloverly aquifer was the best quality for 
domestic and municipal use in all formations he examined in 
the Rawlins Uplift area.

In a study evaluating further development of the munici-
pal water supply for the city of Rawlins, James M. Montgom-
ery Consulting Engineers (1983) conducted a new aquifer test 
on the “Rawlins-Cloverly well” previously examined by Berry 
(1960). The effective transmissivity was initially estimated to 
be about 147 ft2/day, but later parts of the discharge (flow) and 
recovery tests indicated an estimate of about 201 ft2/day. The 
investigators noted that the estimate obtained using later data 
produced an estimate very close to the 228 ft2/day estimated 
by Berry (1960), an estimate that the earlier investigator 
considered unreliable. They reported that the similarity in 
transmissivity estimates suggests “regional homogeneity” for 
the Cloverly aquifer in the area. Assuming an effective well 
radius of 0.25 ft, the investigators (James M. Montgomery 
Consulting Engineers, 1983, p. 3-8) estimated storativity to 
range from 5x10-4 to 2x10-7, but noted that “the actual storage 
coefficient is believed to be about 1[x10-4] to 5x10-4.”

Richter (1981) described the Cloverly aquifer in the 
Laramie, Shirley, and Hanna Basin areas. The investigator 
reported that the aquifer was confined throughout the area and 
had “good” intergranular porosity and permeability. Richter 
(1981) also stated that there were two permeable zones within 
the formation – the Lakota and Dakota Sandstones separated 
by the Fuson Shale. He considered the Lakota and Dakota 
Sandstones as “subaquifers” within the Cloverly Formation, 
separated by the Fuson Shale, which he defined as a leaky 
confining layer allowing hydraulic connection through faults 
and fractures. He also noted that transmissivity was larger in 
“tectonically deformed areas.” Reported water- and petro-
leum-well yields ranged from 1 to 150 gal/min. Richter also 
stated that the Lakota Sandstone was the most productive 
zone within the Cloverly Formation. Reported transmissiv-
ity values for the Lakota Sandstone ranged from less than 1 
to 201 ft2/day, whereas transmissivity values for the Dakota 
Sandstone ranged from less than 1 to about 3 ft2/day.

Collentine and others (1981) described the hydrogeol-
ogy of the Cloverly aquifer in the Great Divide and Washakie 
Basins. The area of the aquifer within Carbon County, on the 
eastern margin of the Great Divide and Washakie Basins in 
the vicinity of the Rawlins Uplift, was defined as a “major 
Mesozoic aquifer.” The investigators noted that the formation 
was deeply buried throughout most of the Great Divide and 
Washakie Basin areas. Reported well yields ranged from 25 to 
more than 120 gal/min with specific capacity values ranging 
from 0.26 to 1.36 (gal/min)/ft. Transmissivity values from 
water wells were estimated to range from about 46 to about 
228 ft2/day, whereas transmissivity values from drill stem tests 
were estimated to range from less than 1 to about 24 ft2/day. In 
addition, the investigators constructed a generalized potentio-
metric map for the Cloverly aquifer within the basins, includ-
ing Carbon County (Collentine and others, 1981, figure V-5, 
p. 65). The map shows that ground-water flow in the aquifer in 
Carbon County generally is towards the west, away from the 
outcrop areas (and source of recharge), and towards the Great 
Divide and Washakie Basin centers.
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The Cloverly aquifer is the only source of drinking water 
for the town of Elk Mountain (fig. 2). Consequently, the 
Cloverly aquifer in the vicinity of the town received a “sole-
source aquifer” designation by the USEPA in 1998 (U.S. Envi-
ronmental Protection Agency, 2005). This is the only “sole-
source aquifer” designation in the entire State of Wyoming.

Two wells completed in the Cloverly aquifer provide the 
municipal water supply for the town of Elk Mountain. Weston 
Engineering (1994) conducted single-well aquifer tests at both 
wells. In one well, transmissivity was estimated at about  
88 ft2/day using constant discharge data, and about 76 ft2/day 
using recovery data. In the second well, transmissivity was 
estimated at about 133 ft2/day using constant discharge data, 
and about 139 ft2/day using recovery data.

Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. Four 
measurements of well yield for pumped wells ranged from 
2 to 65 gal/min, with a median yield of about 20 gal/min. Two 
measurements of well yields for flowing wells were 42.8 and 
60 gal/min. Three measured discharges for springs ranged 
from 3 to 5 gal/min, with a median discharge of 3 gal/min.

The chemical composition of ground water in the Clo-
verly aquifer in Carbon County was characterized and the 
quality evaluated on the basis of new and historical samples 
collected from wells and one spring. Many of the samples 
were co-produced oil and gas water. TDS concentrations were 
highly variable and indicated that water was fresh to very 
saline (fig. 27B). Samples that were not co-produced water 
were classified as fresh and were either calcium-bicarbonate or 
sodium-bicarbonate water types. Sodium was the predominant 
cation in almost all water, regardless of salinity classification. 
The predominant anion in slightly saline water was either 
sulfate, or a mixture of bicarbonate and chloride. Chloride was 
the predominant anion in water classified as either moderately 
saline or very saline. Hardness varied considerably and ranged 
from soft to very hard.

Concentrations of some characteristics and constituents 
in the Cloverly aquifer approached or exceeded applicable 
USEPA or State of Wyoming water-quality standards and 
could limit the suitability of water for some intended uses. 
Most available water-quality analyses were from co-produced 
water, so many characteristic and constituent analyses were 
not available and could not be compared with health-based, 
aesthetic, or State of Wyoming agricultural and livestock-use 
standards (appendixes 6, 7-1 to 7-4). Although most measured 
salinities would preclude domestic use (appendix 7-1), radon 
was the only measured constituent with a concentration that 
exceeded a health-based standard (proposed 300-pCi/L MCL 
and proposed 4,000-pCi/L alternate MCL exceeded in the one 
sample) (only one radon sample available from Cloverly aqui-
fer (appendix 6)). Concentrations of some characteristics and 
constituents exceeded aesthetic standards for domestic use and 
included TDS (SMCL exceeded in 10 of 14 samples), sulfate 
(SMCL exceeded in 1 of 14 samples), and chloride (SMCL 
exceeded in 8 of 14 samples).

In relation to suitability for agricultural and livestock use, 
concentrations of 4 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 2 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-4). Characteristics and constituents that 
were measured at concentrations greater than agricultural-use 
standards included TDS (standard exceeded in 8 of 14 sam-
ples), SAR (standard exceeded in 1 of 3 samples), sulfate 
(standard exceeded in 2 of 14 samples), and chloride (standard 
exceeded in 9 of 14 samples). Some water samples from the 
Cloverly aquifer were unsuitable for livestock use and one 
characteristic and one constituent were measured at concen-
trations greater than livestock standards: TDS and chloride 
(standards exceeded in 5 of 14 samples).

Morrison Formation
The Late Jurassic-age Morrison Formation is present 

throughout the basins of the county, with outcrops occurring 
near the uplifts (fig. 25). It consists of interbedded buff, gray, 
green, maroon, and red shale; clayey siltstone; buff to yellow 
siltstone; buff to brown, partly calcareous, fine to medium-
grained sandstone; and some thin limestone lenses (Dobbin, 
Bowen and Hoots, 1929; Dobbin, Hoots and others, 1929; 
Berry, 1960; Harshman, 1972). Based on fossil assemblages, 
Curry (1962, p. 118) reported that terrestrial and fresh-water 
depositional environments probably persisted during the Late 
Jurassic Epoch in central Wyoming. The Morrison Formation 
has a maximum thickness of 325 ft in the Rawlins area (Berry, 
1960). The formation is a source for oil and natural gas in the 
county (De Bruin, 2002). It also is a source for uranium, vana-
dium, and silica sand in the Freezeout and Shirley Mountains 
(Harris and others, 1985; Harris, 1996).

Because of predominantly fine-grained composition and 
inferred low permeability, the Morrison Formation generally 
is considered to contain a poor aquifer in the Rawlins Uplift 
area (Berry, 1960) and the Great Divide and Washakie Basin 
areas (Welder and McGreevy, 1966). In the Great Divide and 
Washakie Basins west of the Rawlins Uplift, Collentine and 
others (1981) defined the Morrison Formation as a confining 
layer (aquitard) between the overlying Cloverly aquifer and 
the underlying Sundance-Nugget aquifers (contained in the 
Sundance and Nugget Formations in hydraulic connection). 
Richter (1981) defined the formation as a “leaky confining 
layer” or “confining layer” in the general vicinity of the Lara-
mie, Shirley, and Hanna Basins (including Carbon County). 
These previous investigators also noted that some sandstone 
lenses are present in the formation and will yield small quanti-
ties of water to wells, although water likely is highly mineral-
ized.

Little hydrogeologic information is available for the Mor-
rison Formation in Carbon County. Richter (1981, table IV‑2, 
p. 51) reported that some “saturated discontinuous basal sand-
stone lenses had been encountered in petroleum test wells near 
Medicine Bow.” The investigator also noted that well yields 
commonly were less than 5 gal/min. Spring-discharge and 
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well-yield measurements from the USGS NWIS database were 
reviewed for this study, but no measurements were available 
for the Morrison Formation in Carbon County.

The chemical composition of ground water in the Mor-
rison Formation in Carbon County was characterized and the 
quality evaluated on the basis of only three historical water-
quality samples collected from wells. All of the samples were 
co-produced oil and gas water. TDS concentrations were very 
high, and two water samples were classified as moderately 
saline, and the remaining sample was classified as very saline 
(fig. 28A). Sodium was the predominant cation in all water. 
Bicarbonate or sulfate was the predominant anion in mod-
erately saline water, whereas chloride was the predominant 
anion in very saline water. Hardness varied considerably and 
ranged from soft to very hard, although no samples were clas-
sified as hard.

Water-quality samples were only available for three wells 
from the Morrison Formation in Carbon County (appendixes 
7-1 and 7-2) and it is unknown how representative these three 
samples are of water produced from the formation. Compared 
to applicable USEPA or State of Wyoming water-quality 
standards for the few characteristics and constituents ana-
lyzed, few concentrations of characteristics and constituents 
exceeded standards. Based on only three samples, the aesthetic 
standards (SMCLs) for pH (upper limit) and chloride were 
exceeded in one of the samples, and the SMCLs for TDS and 
sulfate were exceeded in all samples. The State of Wyoming 
agricultural standards for TDS, sulfate, and chloride were 
exceeded in all three samples. The State of Wyoming live-
stock standards for pH (upper limit), TDS, and chloride were 
exceeded in 1 of the 3 samples. Based on these three samples, 
water from the Morrison Formation is unsuitable for domestic 
and agricultural uses.

Sundance Formation
The Sundance Formation, which contains the Sundance 

aquifer, is present throughout the basins of the county, with 
outcrops occurring near the uplifts (fig. 25). Seven members 
of the Sundance Formation have been described in Car-
bon County: Windy Hill, Redwater Shale, Pine Butte, Lak, 
Hulett, Stockade Beaver Shale, and Canyon Springs Members 
(Pipiringos, 1968; Harshman, 1972). The uppermost Windy 
Hill Member is a buff to gray, very fine to medium-grained, 
thin-bedded, limy oolitic sandstone or a fine to coarse-grained 
calcite-cemented sandstone with gray-green to dark-gray shale 
partings (Pipiringos, 1968; Harshman, 1972). Peterson (1994) 
reassigned the Windy Hill Member to the base of the Mor-
rison Formation, even though this member is a marine unit, 
whereas most of the Morrison is non-marine. The Redwater 
Shale Member is greenish or yellowish-gray shale and clayey 
siltstone with some firmly lime-cemented coquinoid sandstone 
or sandy coquinoid limestone (Pipiringos, 1968; Harshman, 
1972). The Pine Butte Member is greenish white, firmly lime-
cemented sandstone with interbedded greenish to yellowish-
gray glauconitic siltstone and clay shale (Pipiringos, 1968; 

Harshman, 1972). The Lak Member is pink to reddish-brown 
to yellowish-white fine to medium-grained sandstone, sandy 
siltstone, and siltstone (Pipiringos, 1968; Harshman, 1972). 
The Hulett Sandstone Member is fine to medium-grained, buff 
to white sandstone with some shale and glauconite (Pipiringos, 
1968, Harshman, 1972). The Stockade Beaver Shale Member 
is greenish-gray to greenish-yellow shale and siltstone (Pipir-
ingos, 1968; Harshman, 1972). The Canyon Springs Member, 
is light gray fine-grained oolitic to yellowish-white fine to 
medium-grained sandstone with chert pebbles at the base in 
some areas (Pipiringos, 1968; Harshman, 1972). The Sun-
dance Formation was deposited in a marine environment and 
is 195 to 365 ft thick (Pipiringos, 1968). The Sundance Forma-
tion is a source of oil and natural gas in the northwestern and 
east-central parts of the county (De Bruin, 2002).

Early investigators (Berry, 1960; Welder and McGreevy, 
1966; and Lowry and others, 1973) had little information 
available to describe the hydrogeology of the Sundance aqui-
fer. Collentine and others (1981) defined the Sundance Forma-
tion as a “minor aquifer” in the Great Divide and Washakie 
Basins. Similarly, Richter (1981) defined the formation as a 
“secondary aquifer” in the general vicinity of the Laramie, 
Shirley, and Hanna Basins (including Carbon County). Both 
Collentine and others (1981) and Richter (1981) stated that the 
Sundance aquifer is in hydraulic connection with the under-
lying Nugget aquifer. Consequently, Collentine and others 
(1981) combined the Sundance Formation and Nugget Sand-
stone in the Great Divide and Washakie Basins into a single 
aquifer defined as the “Sundance-Nugget aquifer.”

In Carbon County, most wells completed in the forma-
tion are oil wells and most information describing the hydro-
geologic characteristics of the Sundance aquifer are from 
these type of wells. Berry (1960) reported artesian conditions 
for one well in the Rawlins Uplift area and the well flowed 
28 gal/min. An aquifer test was conducted at this well, and 
Berry (1960) reported that transmissivity was estimated to be 
about 32 ft2/day with a specific capacity of 0.17 (gal/min)/ft.

In the Great Divide and Washakie Basins, Collentine and 
others (1981) also noted artesian conditions in wells installed 
in the Sundance Formation in the Rawlins Uplift area. The 
investigators reported that yields for three wells in the Sun-
dance aquifer ranged from 27 to 35 gal/min. Reported trans-
missivity values ranged from about 1.6 to about 469 ft2/day.

In the Laramie, Shirley, and Hanna Basins, Richter 
(1981, table IV-2, p. 50) reported that basal sandstones of the 
Sundance Formation have “large intergranular porosity and 
permeability” and “upper sands are well cemented and have 
low permeabilities.” He reported artesian conditions in the 
basal sandstones with flows ranging from 1 to 50 gal/min. The 
investigator also reported transmissivity estimates for nine 
wells completed in oil and gas fields, eight of which were 
in Carbon County. Transmissivity values for the eight wells 
in Carbon County ranged from about 2.7 to about 50 ft2/day 
(Richter, 1981, table IV-4, p. 62).

Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. Two 
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EXPLANATION 

Total dissolved-solids concentration, in milligrams per liter,
  and U.S. Geological Survey salinity classification
  Less than 1,000; fresh
  1,000–3,000; slightly saline
  3,000–10,000; moderately saline
  10,000–35,000; very saline
  More than 35,000; briny

Figure 28.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in Triassic and Jurassic hydrogeologic units, Carbon County, Wyoming.
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E. Jelm Formation of the Chugwater Group 
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EXPLANATION 

Total dissolved-solids concentration, in milligrams per liter,
  and U.S. Geological Survey salinity classification
  1,000–3,000; slightly saline

Figure 28.  Trilinear diagrams showing major-ion composition 
and dissolved-solids concentrations for ground-water samples 
from aquifers in Triassic and Jurassic hydrogeologic units, Carbon 
County, Wyoming.—Continued

measurements of well yields for pumped wells were 2 and 
27 gal/min. Four measured discharges for springs ranged from 
5 to 15 gal/min, with a median discharge of about 11 gal/min.

The chemical composition of ground water in the Sun-
dance aquifer in Carbon County was characterized and the 
quality evaluated on the basis of new and historical samples 
collected from wells and one spring. All but four of the 
samples were co-produced oil and gas water. TDS concentra-
tions were highly variable and indicated that water was fresh 
to briny (fig. 28B). The spring sample that was classified as 
fresh was a sodium-sulfate-bicarbonate water type. Sodium 
was the predominant cation in all samples, regardless of salin-
ity classification. With one exception, slightly saline water was 
classified as sodium-bicarbonate type. Anion composition in 
moderately saline water varied. Sulfate was the predominant 
anion in the water classified as very saline, whereas chloride 
was the predominant anion in the water classified as briny. 
Hardness varied considerably and ranged from soft to very 
hard.

Concentrations of some characteristics and constituents 
in the Sundance Formation approached or exceeded applicable 

USEPA or State of Wyoming water-quality standards and 
could limit the suitability of water for some intended uses. 
Most available water-quality analyses were from co-produced 
water, so many characteristic and constituent analyses were 
not available and could not be compared with health-based, 
aesthetic, or State of Wyoming agricultural and livestock-use 
standards (appendixes 7-1 to 7-3). Constituents measured at 
concentrations greater than health-based standards included 
fluoride (MCL exceeded in 1 of 3 samples), boron (proposed 
HAL exceeded in 2 of 4 samples), and radon (proposed  
300-pCi/L MCL exceeded in the 1 sample analyzed) (appen-
dixes 6, 7-1 to 7-4). Aesthetic standards for domestic use were 
exceeded by concentrations of some characteristics and con-
stituents, including pH (SMCL upper limit exceeded in 5 of 
15 samples), TDS (SMCL exceeded in all 18 samples), sulfate 
(SMCL exceeded in 11 of 18 samples), chloride (SMCL 
exceeded in 9 of 18 samples), fluoride (SMCL exceeded in 
1 of 3 samples), and manganese (SMCL exceeded in 1 of 
2 samples).

In relation to suitability for agricultural and livestock use, 
concentrations of 6 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 5 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-3). Many characteristics and constituents 
were measured at concentrations greater than agricultural-
use standards and included TDS (standard exceeded in 12 of 
18 samples), SAR (standard exceeded in 3 of 4 samples), 
sulfate (standard exceeded in 12 of 18 samples), chloride 
(standard exceeded in 14 of 18 samples), boron (standard 
exceeded in 2 of 4 samples), and selenium (standard exceeded 
in 1 of 2 samples). Some samples from the Sundance aquifer 
were unsuitable for livestock use and five characteristics and 
constituents were measured at concentrations greater than 
livestock standards: pH (upper limit standard exceeded in 5 
of 15 samples), TDS (standard exceeded in 3 of 18 samples), 
sulfate (standard exceeded in 1 of 18 samples), chloride (stan-
dard exceeded in 3 of 18 samples), and chromium (standard 
exceeded in 1 of 2 samples).

Nugget Sandstone
The Nugget Sandstone, which contains the Nugget 

aquifer, is present in the subsurface of the western part of the 
county, with some outcrops occurring near the Rawlins Uplift 
and Freezeout Mountains. Because of mapping scale, the few 
outcrops in Carbon County are too small to see on figure 25. 
The formation is a very fine to coarse-grained buff to white to 
pink highly porous sandstone (Pipiringos, 1957, 1968; Berry, 
1960). Pipiringos (1968) also described a lower Bell Springs 
Member that is red and gray sandstone with red, green, and 
pale-purplish-red to pale-red siltstone and shale. Pipiringos 
(1957) noted that the formation may be of eolian and (or) sub-
aqueous origin. Berry (1960) estimated a maximum thickness 
of 110 ft in the subsurface. The Nugget Sandstone is a source 
of oil in the northwestern part of the county and a source of 

Ground Water  85 



gas in the southwestern and east-central parts of the county 
(De Bruin, 2002).

Early investigators (Berry, 1960; Welder and McGreevy, 
1966; and Lowry and others, 1973) had little information 
available to describe the hydrogeology of the Nugget aquifer. 
Collentine and others (1981) defined the Nugget Sandstone as 
a “minor aquifer” in the Great Divide and Washakie Basins. 
Similarly, Richter (1981) defined the formation as a “second-
ary aquifer” in the general vicinity of the Laramie, Shirley, 
and Hanna Basins (including Carbon County). Both Collentine 
and others (1981) and Richter (1981) stated that the Nugget 
aquifer is in hydraulic connection with the overlying Sundance 
aquifer. Consequently, Collentine and others (1981) combined 
the Sundance and Nugget aquifers in the Great Divide and 
Washakie Basins into a single aquifer defined as the “Sun-
dance-Nugget aquifer.”

Data describing the hydrogeologic characteristics of 
the Nugget aquifer primarily are from oil wells. In the Great 
Divide and Washakie Basins, Collentine and others (1981) 
reported well yields of 35 and 200 gal/min for two wells. The 
investigators reported that the maximum transmissivity from 
drill stem tests was about 290 ft2/day. In the Laramie, Shirley, 
and Hanna Basins, Richter (1981, table IV-2, p. 50) reported 
that basal sandstones have “large intergranular porosity and 
permeability.” He reported artesian conditions in “deep basin 
wells” with flows ranging from 50 to 100 gal/min.

In Carbon County, several municipal supply wells for 
the city of Rawlins are completed in the Nugget aquifer in 
the Miller Hill area. Anderson and Kelly (1984) and James 
M. Montgomery Consulting Engineers (1986) described the 
hydrogeologic characteristics in the area on the basis of three 
municipal supply wells completed in the aquifer. Anderson 
and Kelly (1984) completed a 1,730-ft deep well into the 
Nugget aquifer. They noted that water flowed from the well at 
350 gal/min from a thin zone in the upper part of the Nugget 
Sandstone. Subsequently, James M. Montgomery Consulting 
Engineers (1986) completed two additional wells to a similar 
depth in the same area. Like Anderson and Kelly (1984), the 
investigators noted that ground-water flow to the wells was 
primarily from thin zones within the Nugget Sandstone. Aqui-
fer tests were conducted at all three wells using both constant-
drawdown and recovery methods. They reported that the aqui-
fer was “highly productive” in the area. Although estimates 
varied based on analytical method, James M. Montgomery 
Consulting Engineers (1986, p. 6-1) reported that transmis-
sivity near the tested wells ranged from 2,010 to 2,679 ft2/day 
and associated storage coefficients ranged from 4x10-5 to 
6x10-5. Based on conditions encountered during drilling and 
subsequent aquifer tests, James M. Montgomery Consulting 
Engineers (1986) concluded that localized fracture zones (and 
therefore, secondary permeability) are responsible for most of 
the water yielded to wells completed in the Nugget aquifer in 
the Miller Hill area. They stated that the fracture zones are not 
present throughout the formation in the area but are localized.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study, but no 
measurements were available for the Nugget aquifer in Carbon 
County.

The chemical composition of ground water in the Nugget 
aquifer in Carbon County was characterized and the quality 
evaluated on the basis of historical samples collected from 
wells. All of the samples were co-produced oil and gas water. 
TDS concentrations were highly variable and indicated that 
water was slightly saline to briny (fig. 28C). Sodium was the 
predominant cation in all water samples, regardless of salinity 
classification. In water classified as slightly saline the predom-
inant anion was either bicarbonate or sulfate, or a mixture of 
the two. Anion composition in moderately saline water varied. 
Bicarbonate was the predominant anion in the water classified 
as very saline, whereas chloride was the predominant anion in 
the water classified as briny. Concentrations of many charac-
teristics and constituents (hardness, calcium, sodium, sulfate, 
and TDS) significantly increased with increasing well depth 
(appendix 8). Hardness varied considerably and ranged from 
soft to very hard.

Concentrations of some characteristics and constituents in 
the Nugget aquifer approached or exceeded applicable USEPA 
or State of Wyoming water-quality standards and could limit 
the suitability of waters for some intended uses. Most available 
water-quality analyses were from co-produced waters so many 
characteristic and constituent analyses were not available and 
could not be compared with health-based, aesthetic, or State of 
Wyoming agricultural and livestock-use standards. Although 
most measured salinities would preclude domestic use, no 
concentrations of measured constituents exceeded health-
based standards (appendixes 7-1 to 7-2). Aesthetic standards 
for domestic use were not met by concentrations of some char-
acteristics and constituents, including pH (less than the SMCL 
lower limit in 1 of 14 samples and greater than the SMCL 
upper limit in 4 of 14 samples), TDS (SMCL exceeded in all 
15 samples), sulfate (SMCL exceeded in 11 of 14 samples), 
and chloride (SMCL exceeded in 12 of 15 samples).

In relation to suitability for agricultural and livestock use, 
concentrations of 4 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 3 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-4). Several characteristics and constitu-
ents were measured at concentrations greater than agricultural-
use standards and included pH (standard upper limit exceeded 
in 1 of 14 samples), TDS and chloride (standards exceeded 
in 14 of 15 samples), and sulfate (standard exceeded in 11 of 
14 samples). Some sampled water from the Nugget aquifer 
was unsuitable for livestock use, and three characteristics and 
constituents were measured at concentrations that did not meet 
livestock standards: pH (less than lower limit in 1 of 14 sam-
ples and greater than upper limit in 4 of 14 samples), TDS 
(standard exceeded in 7 of 15 samples), and chloride (standard 
exceeded in 4 of 15 samples).
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Chugwater Formation or Group
The Chugwater Formation or Group is present through-

out the basins of the county, with outcrops occurring near 
the uplifts (fig. 25). The Chugwater Group is divided into the 
Popo Agie, Jelm, Crow Mountain Sandstone, Alcova Lime-
stone, and Red Peak Formations (fig. 9). The undivided Chug-
water Formation is described as red shale and sandstone, with 
some purple, pink, green, and buff beds, and a few limestone 
and gypsum beds (Dobbin, Bowen and Hoots, 1929; Dobbin, 
Hoots and others, 1929; Berry, 1960). It is of fluvial, lacus-
trine, eolian, and marine origin (Pipiringos and O’Sullivan, 
1978). The maximum thickness noted by Dobbin, Hoots, and 
others (1929) is 1,350 ft.

The uppermost member of the Chugwater Group is the 
Popo Agie Formation. The Popo Agie Formation is absent 
in the eastern part of the county. It is a purple to pale-red to 
ochre siltstone, analcime-rich claystone, silty claystone, and 
grayish-yellow sandstone (Pipiringos, 1968; Pipiringos and 
O’Sullivan, 1978). North and west of the Ferris Mountains, 
the Popo Agie Formation is divided into the Lyons Valley 
and Brynt Draw Members (Pipiringos, 1968; Pipiringos and 
O’Sullivan, 1978). It is a fluvial and lacustrine deposit (Pipir-
ingos and O’Sullivan, 1978). The formation ranges from 0 to 
about 100 ft thick (Pipiringos, 1968).

The Jelm Formation was included in the Chugwater 
Group by Pipiringos (1968). He also divided it into Sips 
Creek and Red Draw Members. The Jelm Formation occurs 
southeast of the Granite Mountains (Pipiringos, 1968). The 
Sips Creek member is a greenish-white to reddish-brown and 
yellow sandstone that is in part conglomeratic with pebbles 
of siltstone, limestone, and shale, and fragments of fossil 
wood and bone (Pipiringos, 1968; Pipiringos and O’Sullivan, 
1978). The upper part of the Sips Creek is a reddish-brown 
siltstone (Pipiringos, 1968; Pipiringos and O’Sullivan, 1978). 
In the Shirley Basin, the Sips Creek Member is a tan to buff 
well-cemented sandstone (Harshman, 1972). It is a fluvial and 
lacustrine deposit (Pipiringos and O’Sullivan, 1978) that is 0 
to 315 ft thick (Pipiringos, 1968). The Red Draw Member is 
reddish-brown shale, siltstone, and sandstone that is inter-
bedded with some greenish-gray siltstone (Pipiringos, 1968; 
Harshman, 1972; Pipiringos and O’Sullivan, 1978). It is a 
fluvial deposit (Pipiringos and O’Sullivan, 1978) that is 0 to 
140 ft thick (Pipiringos, 1968). The undivided Jelm Formation 
is as much as 360 ft thick (Pipiringos, 1968).

The Crow Mountain Sandstone of the Chugwater Group 
of Pipiringos (1968) occurs north and west of the Granite 
Mountains. In the area southeast of the Granite Mountains, 
the name Crow Mountain was replaced with Jelm by Pipir-
ingos (1968). The upper part of the Crow Mountain Sand-
stone is white to reddish-brown sandstone and siltstone with 
minor amounts of pale-red and green shale (Pipiringos and 
O’Sullivan, 1978). The lower part of the unit is salmon-red 
to reddish-brown sandstone with minor amounts of sand-
stone, siltstone, and some sandy clay shale (Pipiringos and 
O’Sullivan, 1978). The upper part is of fluvial origin, whereas 

the lower part is of marine origin (Pipiringos and O’Sullivan, 
1978). Pipiringos (1968, p. D11) showed a section that is 
192 ft thick.

The Alcova Limestone is identified as part of the 
Chugwater Group by some investigators (Pipiringos, 1968; 
Harshman, 1972; Pipiringos and O’Sullivan, 1978) and as a 
member of the Crow Mountain and Jelm Formations by others 
(High and Picard, 1969). It is a gray, purple, greenish-gray, 
brownish-gray, and greenish-brown limestone that is sandy 
in its upper and lower parts (Harshman, 1972; Pipiringos 
and O’Sullivan, 1978). It is of marine origin (Pipiringos and 
O’Sullivan, 1978). The formation is missing locally due to 
non-deposition or erosion. Where present, it has a maximum 
thickness of 20 ft (High and Picard, 1969).

The Red Peak Formation is the lowest unit of the Chug-
water Group of Pipiringos (1968). It is a pale to moderate 
reddish-brown to red siltstone with some interbedded thin 
yellowish-gray to white to pink, very fine to fine-grained 
calcareous sandstone (Harshman, 1972; Lowry and others, 
1973; Pipiringos and O’Sullivan, 1978). It is of marine origin 
(Pipiringos and O’Sullivan, 1978). Lowry and others (1973) 
reported a thickness of 600 to 700 ft.

The Chugwater Formation or Group is a source of oil 
in the northwestern part of the county, whereas the Alcova 
Limestone (defined as “Thaynes” by producers) is a source 
of oil and natural gas in the southwestern part of the county 
(De Bruin, 2002). The Red Peak Formation also is a source 
for natural gas in the Washakie Basin (De Bruin, 2002). The 
Alcova Limestone also is a source of limestone aggregate in 
the northwestern part of the county (Harris and others, 1985; 
Harris and Meyer, 1986; Harris, 1996).

Little hydrogeologic information is available for the 
Chugwater Formation or Group in Carbon County. Few 
wells are completed in the formation in Carbon County. In 
the Rawlins Uplift area, Berry (1960, p. 17) reported that no 
known wells were completed in the Chugwater Formation in 
the area although “sandstone beds probably will yield small 
domestic and stock supplies,” but then noted that “the water 
would probably be highly mineralized.” Welder and McGreevy 
(1966, sheet 3) reported that “ground-water possibilities 
were not known, but probably poor.” Collentine and others 
(1981) defined the Chugwater Formation as an “aquitard” and 
“confining unit” in the Great Divide and Washakie Basins, 
separating the overlying “Sundance-Nugget aquifer” from 
the underlying “Paleozoic aquifer system.” Similarly, Richter 
(1981) defined the formation as a “leaky confining layer” in 
the general vicinity of the Laramie, Shirley, and Hanna Basins 
(including Carbon County). However, he noted that basal 
sandstones were “water-bearing” in the Laramie Basin, but 
well yields were low (less than 10 gal/min). Richter (1981) 
also noted that artesian conditions in basal sandstone and 
conglomerate of the Jelm Formation of the Chugwater Group 
could produce flows of 10 to 25 gal/min.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. The mea-
sured yield for one pumped well was 9 gal/min. Five measured 

Ground Water  87 



discharges for springs ranged from 0.5 to 150 gal/min with a 
median discharge of 43 gal/min.

The chemical composition of ground water in the Chug-
water Formation or Group in Carbon County was character-
ized and the quality evaluated on the basis of new and histori-
cal samples collected from three wells and four springs. Two 
of three well samples were co-produced oil and gas water. 
TDS concentrations were highly variable and indicated that 
water was fresh to very saline (fig. 28D). Samples that were 
classified as fresh were either calcium-sulfate or calcium-
bicarbonate water types. Samples classified as moderately 
saline or very saline were co-produced oil and gas water and 
were classified as sodium-chloride water type. Hardness for all 
water was very hard.

Based on the few characteristics and constituents ana-
lyzed, the concentrations of some characteristics and con-
stituents in the Chugwater Formation or Group approached 
or exceeded applicable USEPA or State of Wyoming water-
quality standards and could limit the suitability of water for 
some intended uses. Although most measured salinities would 
preclude domestic use, radon was the only measured constitu-
ent with concentrations that exceeded a health-based stan-
dard (proposed 300-pCi/L MCL exceeded in both samples) 
(appendixes 7-1 to 7-4). Aesthetic standards for domestic 
use were exceeded by concentrations of some characteristics 
and constituents, including TDS (SMCL exceeded in 6 of 
7 samples), sulfate (SMCL exceeded in 5 of 7 samples), and 
chloride (SMCL exceeded in 2 of 7 samples).

In relation to suitability for agricultural and livestock use, 
concentrations of 3 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 2 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-4). Several characteristics and constitu-
ents were measured at concentrations greater than agricultural-
use standards and included TDS (standard exceeded in 4 of 
7 samples), sulfate (standard exceeded in 5 of 7 samples), and 
chloride (standard exceeded in 2 of 7 samples). Some water 
from the Chugwater Formation or Group was unsuitable for 
livestock use, and one characteristic and one constituent were 
measured at concentrations greater than livestock standards: 
TDS and chloride (standards exceeded in 2 of 7 samples).

The chemical composition of ground water in the Jelm 
Formation of the Chugwater Group in Carbon County was 
characterized and the quality evaluated on the basis of only 
one co-produced oil and gas water sample. Based on the 
TDS concentration, the water was classified as slightly saline 
(fig. 28E). The sample was a sodium-bicarbonate-sulfate type 
water (fig. 28E). Hardness was moderately hard. Based on the 
few analyses available for this well sample, the water gener-
ally was suitable for agricultural or livestock use.

Lower Triassic and Upper Permian Hydrogeologic Units
Rocks of Early Triassic (Mesozoic) and Late Permian 

age (Paleozoic) occur throughout Carbon County and are at or 
near surface around the uplifts (figs. 25 and 29). This series of 

rocks (figs. 8 and 9) is complicated by intertonguing of forma-
tions and by facies changes owing to a series of transgressions 
and regressions of the Phosphoria Sea (McKelvey and others, 
1959, Maughan, 1964). In the western part of the county, the 
sequence is Dinwoody Formation, Ervay Member of Park City 
Formation, Tosi Chert Member and Retort Phosphatic Shale 
Tongues of the Phosphoria Formation, Franson Member of the 
Park City Formation, greenish-gray shale that may or may not 
be a member of the Park City Formation, and the Grandeur 
Tongue of the Park City Formation (McKelvey and others, 
1959). In the eastern part of the county, the sequence is made 
up of members of the Goose Egg Formation: Little Medicine, 
Freezeout Shale, Ervay Member, Difficulty Shale, Forelle 
Limestone, Glendo Shale, Minnekahta Limestone, and Opeche 
Shale Members (Maughan, 1964). The Dinwoody Formation 
and the Little Medicine and Freezeout Shale Members of the 
Goose Egg Formation are of Early Triassic age, whereas the 
rest seem to be of Permian age.

The Dinwoody Formation is described by Berry (1960) 
and Pipiringos and O’Sullivan (1978) as gray to olive-gray 
siltstone and shale. Pipiringos and O’Sullivan (1978) also 
noted thin brown limestone beds near the base of this marine 
unit. Berry (1960) reported a thickness of 80 ft in the subsur-
face with no recognizable outcrops in the Rawlins area.

The Park City Formation is represented by three 
sequences of carbonate rocks and possibly by a sequence 
of greenish-gray siltstone (the information presented in this 
paragraph is from McKelvey and others, 1959). The Ervay 
Member is a dolomite in its eastern extent and a limestone to 
the west. It is a marine unit that is 50 ft thick at the Conant 
Creek anticline in Fremont County. The Franson Member is 
light gray and grayish-brown limestone or dolomite that is 
part cherty or sandy, and calcareous sandstone. It is a shallow 
marine deposit that is 35 ft thick at the Conant Creek anticline 
in Fremont County. The Grandeur Member is interbedded 
limestone or dolomite, cherty limestone or dolomite, carbon-
ate sandstone, and carbonate siltstone. It is a marine unit that 
is 60 ft thick at the Conant Creek anticline in Fremont County. 
The greenish-gray siltstone that may or may not be a part of 
the Park City Formation is 170 ft thick at the Conant Creek 
anticline in Fremont County.

The Phosphoria Formation is represented by a sequence 
of chert and phosphatic shale (unless otherwise noted, the 
following information about the Phosphoria Formation is from 
McKelvey and others, 1959). The Tosi Chert Member is thin, 
dark to light-colored chert beds. The Retort Phosphatic Shale 
Tongue is a sequence of soft, dark-brownish-gray carbona-
ceous mudstone and pelletal phosphorite. The Phosphoria 
Formation in this area is a shallow marine unit. The Tosi Chert 
Member and Retort Phosphatic Shale Tongues are each about 
15 ft thick at the Conant Creek anticline in Fremont County. 
The formation is a source of oil south of Rawlins (De Bruin, 
2002).

The Goose Egg Formation is represented by a sequence 
of gypsum, limestone, dolomite, and moderately reddish-
orange siltstone and shale (unless otherwise noted, the 
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following information about the Goose Egg Formation is 
from Maughan, 1964). The rocks were deposited in a mar-
ginal marine environment with high salinity and a warm arid 
climate, such as a vast shallow lagoon or tidal flat. The Little 
Medicine Member is the uppermost member of the Goose Egg 
Formation and correlates westward into part of the Dinwoody 
Formation. It is a gypsiferous and argillaceous dolomite or 
limestone with thin beds of reddish siltstone and claystone. 
It is between 5 and 25 ft thick. The Freezeout Shale Member 
is a moderately reddish-orange mudstone and siltstone with 
gypsiferous siltstone and thin beds of gypsum in its upper 
part. It is between 10 and 50 ft thick and correlates with the 
Dinwoody Formation to the west. The Ervay Member of the 
Goose Egg Formation is the eastern gypsum facies of the lime-
stone facies (western Wyoming) and the dolomite facies (cen-
tral Wyoming) of the Park City Formation. The Ervay Member 
consists of beds of gypsum and anhydrite interstratified with 
thin beds of reddish claystone or mudstone and ranges in 
thickness from 5 to 10 ft. The Difficulty Shale Member is 
a moderately reddish-orange mudstone and siltstone that is 
about 50 ft thick and grades westward into part of the carbon-
ate rock of the Franson Member of the Park City Formation. 
The Forelle Limestone Member is a gray finely crystalline 
dolomitic or argillaceous limestone with some interbedded 
limy sandstone, red sandy siltstone and sandstone, and sandy 
dolomitic limestone (Maughan, 1964; Harshman, 1972). It is 
about 30 ft thick and correlates to part of the carbonate rock of 
the Franson Member of the Park City Formation. The Glendo 
Shale Member is a moderately reddish-orange mudstone and 
siltstone that is mottled yellowish-gray to light greenish-gray 
and has some anhydrite and gypsum lenses near the top of the 
unit (Maughan, 1964; Harshman, 1972). It is as much as 80 ft 
thick and intertongues with the carbonate rock of the Franson 
Member of the Park City Formation in central Wyoming. The 
Minnekahta Limestone is a finely crystalline pinkish and pur-
plish-gray dolomitic limestone with thin beds of purplish-red 
claystone, sandy siltstone, and purple limy sandstone in the 
lower part and lenses of gypsum in the upper part (Maughan, 
1964; Harshman, 1972). It is about 10 to 30 ft thick and 
intertongues with the carbonate rock of the Franson Member 
of the Park City Formation in central Wyoming. The lowest 
member of the Goose Egg Formation is the Opeche Shale, 
which is a moderately reddish-orange to purplish claystone 
that may be silty or sandy and may include beds of dolomite 
or gypsum (Maughan, 1964; Harshman, 1972). It is about 20 
to 70 ft thick and intertongues with the Park City Formation in 
central Wyoming around the stratigraphic level of the Meade 
Peak Phosphatic Shale Member of the Phosphoria Formation 
(Maughan, 1964). The Goose Egg Formation is a potential 
source of alabaster in the Freezeout and Shirley Mountains 
area (Harris and others, 1985; Harris and Meyer, 1986; Harris, 
1996).

Little hydrogeologic information is available for the 
Lower Triassic and Upper Permian hydrogeologic units in 
Carbon County (Dinwoody Formation, Park City Formation, 
Phosphoria Formation, and Goose Egg Formation). Few wells 

are completed in these formations in Carbon County. Collen-
tine and others (1981) and previous investigators (Berry, 1960; 
Welder and McGreevy, 1966; Lowry and others, 1973; Rich-
ter, 1981) stated that little was known about the water-bearing 
properties of these formations, but that they likely were poor 
aquifers because of low permeability of rocks composing 
the formations. Consequently, Collentine and others (1981) 
defined the Dinwoody, Goose Egg, Park City, and Phosphoria 
Formations as “aquitards” in the Great Divide and Washakie 
Basins, whereas Richter (1981) defined the Goose Egg For-
mation as a “leaky confining layer” or “regional confining 
layer” in the Laramie, Shirley, and Hanna Basins. The USGS 
defined these formations as “confining units” (Whitehead, 
1996). Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study, but no 
measurements were available for the Phosphoria Formation in 
Carbon County.

The chemical composition of ground water in the Phos-
phoria Formation in Carbon County was characterized and 
the quality evaluated on the basis of only two co-produced 
oil and gas water samples. Based on the TDS concentrations, 
the water was classified as moderately saline (fig. 30A). 
The samples were classified as sodium-sulfate type water 
(fig. 30A). Hardness was very hard. Based on the few analyses 
available for these samples, the water generally was unsuitable 
for domestic or agricultural use.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study and two 
measurements of well yields for pumped wells in the Goose 
Egg Formation were 1 and 20 gal/min. There were no mea-
sured discharges for springs in the Goose Egg Formation in 
Carbon County.

The chemical composition of ground water in the Goose 
Egg Formation in Carbon County was characterized and the 
quality evaluated on the basis of only two new water samples. 
Based on the TDS concentrations, the water was classified 
as slightly saline (fig. 30B). The samples were classified as 
calcium-sulfate type water (fig. 30B). Hardness was very hard 
(appendix 6). Based on the few analyses available for these 
samples, the water generally was suitable for livestock use.

The chemical composition of ground water in the 
Forelle Limestone Member of the Goose Egg Formation in 
Carbon County was characterized and the quality evaluated 
on the basis of only one water sample from a spring. Based 
on the TDS concentration, the water was classified as fresh 
(fig. 30C). The sample was a calcium-bicarbonate type water 
(fig. 30C). Hardness was very hard. Based on the few analyses 
available for this spring sample, the water was suitable for 
domestic, agricultural, and livestock use.

Paleozoic Hydrogeologic Units
Rocks of Paleozoic age occur throughout Carbon County 

and are at or near surface around the uplifts (fig. 29). Paleo-
zoic outcrops account for approximately 2 percent of the 
surface exposures in Carbon County.
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Figure 30.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in Paleozoic hydrogeologic units, Carbon County, Wyoming.
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C. Forelle Limestone Member
of the Goose Egg Formation

Calcium

  100

   80

   60

   40

   20

    0

0

   20

   40

   60

   80

  100

M
ag

ne
si

um

   
 0

   
20

   
40

   
60

   
80

  1
00

Sodium
 plus Potassium

 

Chloride, Fluoride, Nitrite plus Nitrate 

   
 0

   
20

   
40

   
60

   
80

  1
00

  100
   80

   60
   40

   20
    0

C
ar

bo
na

te
 p

lu
s 

Bi
ca

rb
on

at
e 

  100

   80

   60

   40

   20

0

Sulfate 

   
 0

   
20

   
40

   
60

   
80

  1
00

Su
lfa

te
 p

lu
s 

C
hl

or
id

e 

    0
   20

   40
   60

   80
  100

C
alcium

 plus M
agnesium

 

  1
00

   
80

   
60

   
40

   
20

   
 0

  100
   80

   60
   40

   20
    0Pe

rc
en

t Percent 

Percent 

A. Phosphoria Formation
and related rocks

Calcium

  100

   80

   60

   40

   20

    0

0

   20

   40

   60

   80

  100

M
ag

ne
si

um

   
 0

   
20

   
40

   
60

   
80

  1
00

Sodium
 plus Potassium

 

Chloride, Fluoride, Nitrite plus Nitrate 

   
 0

   
20

   
40

   
60

   
80

  1
00

  100
   80

   60
   40

   20
    0

C
ar

bo
na

te
 p

lu
s 

Bi
ca

rb
on

at
e 

  100

   80

   60

   40

   20

0

Sulfate 

   
 0

   
20

   
40

   
60

   
80

  1
00

Su
lfa

te
 p

lu
s 

C
hl

or
id

e 

    0
   20

   40
   60

   80
  100

C
alcium

 plus M
agnesium

 

  1
00

   
80

   
60

   
40

   
20

   
 0

  100
   80

   60
   40

   20
    0Pe

rc
en

t Percent 

Percent 

D. Tensleep aquifer

Calcium

  100

   80

   60

   40

   20

    0

0

   20

   40

   60

   80

  100

M
ag

ne
si

um

   
 0

   
20

   
40

   
60

   
80

  1
00

Sodium
 plus Potassium

 

Chloride, Fluoride, Nitrite plus Nitrate 

   
 0

   
20

   
40

   
60

   
80

  1
00

  100
   80

   60
   40

   20
    0

C
ar

bo
na

te
 p

lu
s 

Bi
ca

rb
on

at
e 

  100

   80

   60

   40

   20

0

Sulfate 

   
 0

   
20

   
40

   
60

   
80

  1
00

Su
lfa

te
 p

lu
s 

C
hl

or
id

e 

    0
   20

   40
   60

   80
  100

C
alcium

 plus M
agnesium

 

  1
00

   
80

   
60

   
40

   
20

   
 0

  100
   80

   60
   40

   20
    0Pe

rc
en

t Percent 

EXPLANATION 

Total dissolved-solids concentration, in milligrams per liter,
  and U.S. Geological Survey salinity classification
  Less than 1,000; fresh
  1,000–3,000; slightly saline
  3,000–10,000; moderately saline
  10,000–35,000; very saline
  More than 35,000; briny
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Figure 30.  Trilinear diagrams showing major-ion composition and dissolved-solids concentrations for ground-water samples from 
aquifers in Paleozoic hydrogeologic units, Carbon County, Wyoming.—Continued
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EXPLANATION 

Total dissolved-solids concentration, in milligrams per liter,
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EXPLANATION 

Total dissolved-solids concentration, in milligrams per liter,
  and U.S. Geological Survey salinity classification
  Less than 1,000; fresh

Percent 
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Figure 30.  Trilinear diagrams showing major-ion composition 
and dissolved-solids concentrations for ground-water samples 
from aquifers in Paleozoic hydrogeologic units, Carbon County, 
Wyoming.—Continued

The water quality of aquifers contained in Paleozoic 
hydrogeologic units varies greatly throughout the county. 
Recharge to these units generally occurs where the formations 
crop out. Near recharge areas, water in these hydrogeologic 
units can be relatively fresh and may be suitable for most uses. 
This is where most domestic, municipal supply, or stock wells 
are completed. Elsewhere, and with increasing depth (as indi-
cated by co-produced oil and gas water samples) and as the 
water moves away from the outcrop, the water can have TDS 
concentrations several times that of seawater and is not suit-
able for most uses or is only marginally suitable for livestock 
use. Where deeply buried, only oil or gas wells are completed 
in Paleozoic hydrogeologic units. Locations of samples from 
aquifers in Paleozoic hydrogeologic units are shown on fig-
ure 29.

Casper and Fountain Formations
The Casper Formation of Permian and Pennsylvanian 

age occurs in eastern and southern Carbon County, where 
the upper part of the formation is equivalent to the Tensleep 
Sandstone and the lower part is equivalent to the Amsden 

Formation of the northwestern part of the County (fig. 10) 
(Mallory, 1967). Arkosic beds in the lower part of the Casper 
Formation may be tongues of the Fountain Formation, which 
is at its thickest extent in southern Albany County (Mallory, 
1967; Lowry and others, 1973). The upper part of the Casper 
Formation generally is buff, tan, or reddish-brown, fine to 
medium-grained, siliceous, well-cemented sandstone (Dobbin, 
Hoots and others, 1929; Harshman, 1972; Lowry and others, 
1973). It grades down to interbedded pink, purple and gray 
dolomitic limestone and dolomite and tan to reddish-brown 
dolomitic sandstone, sandstone, and quartzite (Dobbin, Hoots 
and others, 1929; Harshman, 1972; Lowry and others, 1973). 
The Fountain Formation is a sequence of reddish sandstone, 
arkose, and conglomerate, with red to purple arenaceous shale 
and fine-grained sandstone near the base (Mallory, 1967). 
The Casper Formation is a shallow marine, beach, and eolian 
deposit, whereas the Fountain Formation is a fanglomerate 
from the ancestral Front Range and southern Pathfinder Uplift 
(Mallory, 1975). The Casper Formation generally is 600 to 
800 ft thick (Lowry and others, 1973). The Fountain Forma-
tion is 0 to 300 ft thick (Mallory, 1967). The Casper Formation 
is a source of oil in the Laramie Basin area (De Bruin, 2002). 
Because of limited areal extent and lack of hydrogeologic and 
water-quality data, the Casper Formation in Carbon County 
was not assessed as a part of this study.

Tensleep Sandstone
The Tensleep Sandstone , which contains the Tensleep 

aquifer, of Pennsylvanian age occurs in the northwestern 
part of the county and is at or near surface around the uplifts 
(fig. 29). It is a white to buff, gray, and pink, fine to medium-
grained sandstone with some thin interbedded tan, white, gray, 
and pink, finely crystalline, dense limestone and dolomite 
(Dobbin, Bowen and Hoots, 1929; Berry, 1960; Mallory, 
1967, 1975). The Tensleep Sandstone was deposited mostly 
as dunes, but also was deposited in fluvial, beach, and shallow 
marine environments (Maughan, 1967; Mallory, 1975). Berry 
(1960) reported a maximum thickness of 850 ft. It is a source 
of oil, natural gas, and hydrogen sulfide in the northwestern 
part of the county (De Bruin, 2002). It also is a potential 
source of uranium in the Shirley Mountains and a potential 
source of silica sand in the Flat Top area (Harris and others, 
1985; Harris, 1996).

Early investigators (Berry, 1960; Welder and McGreevy, 
1966; and Lowry and others, 1973) had little information 
available to describe the hydrogeology of the Tensleep aquifer. 
Collentine and others (1981) defined the Tensleep Sandstone 
as a “major aquifer” in the Great Divide and Washakie Basins. 
In addition, the investigators combined the aquifer with the 
aquifers in the underlying Amsden Formation and Madi-
son Limestone into a regional aquifer system defined as the 
“Paleozoic aquifer system.” Similarly, Richter (1981) defined 
the formation as a “principal aquifer” in the general vicinity 
of the Laramie, Shirley, and Hanna Basins (including Carbon 
County). Because the Casper Formation in the Laramie Basin 
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is considered equivalent to the Tensleep Sandstone, Richter 
(1981) often referred to aquifers in both formations as the 
“Casper-Tensleep aquifer.” The USGS also defined the forma-
tion as a “principal aquifer” (Whitehead, 1996) and referred 
to the aquifer as part of the “Paleozoic aquifers” category on 
the national Principal Aquifers map (U.S. Geological Survey, 
2003).

Permeability in the Tensleep aquifer is both primary 
(intergranular) and secondary (fractures) (Collentine and 
others, 1981; Richter, 1981; Johnson and Huntoon, 1994, 
and references therein). The Tensleep aquifer is composed of 
individual sandstone beds separated (confined) by low perme-
ability beds of limestone and dolomite. Fractures in these low 
permeability lithologies can provide hydraulic connection 
between the water-bearing layers. Permeability enhancement 
in areas of structural deformity also has been noted. In the 
Laramie Basin in adjacent Albany County, Huntoon (1976) 
and Lundy (1978) reported that hydraulic conductivity in 
areas of enhanced fracture permeability (structurally deformed 
areas) was much larger (about 100 times larger) than for rela-
tively undeformed areas. In addition, in a study of the same 
general area, Huntoon and Lundy (1979) reported that all 
major springs are located on or near faults and folds, which are 
areas commonly associated with fracture permeability.

Collentine and others (1981) described the hydrogeol-
ogy of the Tensleep aquifer in the Great Divide and Washakie 
Basins. Reported yields for 28 wells throughout the Great 
Divide and Washakie Basins (primarily from oil wells) ranged 
from 24 to 400 gal/min. The investigators noted transmissivity 
values ranging from less than 1 to about 50 ft2/day. In addition, 
the investigators constructed a generalized potentiometric map 
for the Tensleep aquifer within the basins, including Carbon 
County (Collentine and others, 1981, fig. V-7, p. 70). The map 
shows that ground-water flow in Carbon County generally is 
towards the west, away from the outcrop areas (and source of 
recharge), and towards the Great Divide and Washakie Basin 
centers, although the map does show some flow to the east on 
the eastern side of the Rawlins Uplift.

The direction of ground-water flow in the Tensleep 
aquifer, including parts within Carbon County, is shown on a 
potentiometric map constructed by Geldon (2003, plate 11). 
The potentiometric map is reproduced in figure 16 and, like 
the less-detailed map by Collentine and others (1981, fig. V-7, 
p. 70), shows that ground-water flow generally is towards 
the west, away from the outcrop areas and towards the Great 
Divide and Washakie Basin centers, as well as to the east on 
the eastern side of the Rawlins Uplift. The reader also should 
note that Geldon (2003, table 1, p. B3) referred to the Tensleep 
Sandstone as part of the “Weber-De Chelly zone” of the Can-
yonlands aquifer.

Permeability of the Tensleep aquifer in Carbon County 
was examined in greater detail by Johnson and Huntoon 
(1994). The investigators studied permeability of the aquifer 
in the northern Hanna Basin, in the vicinity of Troublesome 
and Difficulty Creeks. As noted previously, the investigators 
reported permeability to be both intergranular and fracture 

enhanced. In addition, they noted that movement of water in 
the aquifer primarily is parallel to bedding, although fractures 
provide vertical hydraulic connection between permeable units 
when present. The investigators also noted that in some loca-
tions, permeability in the aquifer is enhanced by dissolutional 
enlargements of fractures and bedding planes.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. Three 
measurements of well yields for pumped wells in the Tensleep 
aquifer ranged from 8 to 80 gal/min, with a median yield 
of 18 gal/min. Four measured discharges for springs ranged 
from 15 to 400 gal/min, with a median discharge of about 
211 gal/min.

The chemical composition of ground water in the 
Tensleep aquifer in Carbon County was characterized and the 
quality evaluated on the basis of new and historical samples 
collected from wells and springs. Many of the samples were 
co-produced oil and gas water. TDS concentrations were 
highly variable and indicated that water was fresh to briny 
(fig. 30D). The samples classified as fresh were calcium-bicar-
bonate water type. Most samples classified as slightly saline 
were calcium-sulfate types. Water classified as moderately 
saline was calcium-sodium-sulfate, sodium-sulfate, or sodium-
chloride type. Water classified as very saline was sodium-chlo-
ride or sodium-sulfate type. The sample classified as briny was 
a sodium-chloride type. Concentrations of many characteris-
tics and constituents (bicarbonate, sodium, potassium, chlo-
ride, and TDS) significantly increased with increasing well 
depth (appendix 8). Hardness varied considerably and ranged 
from soft to very hard, but most samples were very hard.

Concentrations of some characteristics and constituents 
in the Tensleep aquifer approached or exceeded applicable 
USEPA or State of Wyoming water-quality standards and 
could limit the suitability of water for some intended uses. 
Most available water-quality analyses were from co-produced 
water, so many characteristic and constituent analyses were 
not available and could not be compared with health-based, 
aesthetic, or State of Wyoming agricultural and livestock-use 
standards (appendixes 7-1 to 7-4). Although most measured 
salinities would preclude domestic use, concentrations of only 
two measured constituents exceeded health-based standards: 
boron (proposed HAL exceeded in 2 of 7 samples) and 
radon (proposed 300-pCi/L MCL exceeded in 2 of 3 samples 
and proposed 4,000-pCi/L alternate MCL exceeded in 1 of 
3 samples) (appendixes 6, 7-1 to 7-4). Aesthetic standards for 
domestic use were exceeded by concentrations of some char-
acteristics and constituents, including pH (SMCL upper limit 
exceeded in 6 of 44 samples), TDS (SMCL exceeded in 49 of 
57 samples), sulfate (SMCL exceeded in 47 of 57 samples), 
chloride (SMCL exceeded in 38 of 57 samples), fluoride 
(SMCL exceeded in 2 of 11 samples), and iron and manganese 
(SMCLs exceeded in 1 of 2 samples).

In relation to suitability for agricultural and livestock use, 
concentrations of 7 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 4 exceeded State of Wyoming livestock standards 
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(appendixes 7-1 to 7-4). Many characteristics and constituents 
were measured at concentrations greater than agricultural-use 
standards and included TDS and sulfate (standards exceeded 
in 47 of 57 samples), SAR (standard exceeded in 2 of 12 sam-
ples), chloride (standard exceeded in 44 of 57 samples), 
fluoride (SMCL exceeded in 2 of 11 samples), boron (standard 
exceeded in 1 of 7 samples), and iron (standard exceeded in 
1 of 2 samples). Some water from the Tensleep aquifer was 
unsuitable for livestock use, and four characteristics and 
constituents were measured at concentrations greater than 
livestock standards: pH (upper limit standard exceeded in 6 of 
44 samples), TDS (standard exceeded in 28 of 57 samples), 
sulfate (standard exceeded in 10 of 57 samples), and chloride 
(standard exceeded in 16 of 57 samples).

Amsden Formation
The Amsden Formation of Pennsylvanian and Mississip-

pian age occurs in the northwestern part of the county and is at 
or near surface around the uplifts (fig. 29). It consists of three 
members: an upper Ranchester Limestone Member, a middle 
Horseshoe Shale Member, and a lower Darwin Sandstone 
Member (Mallory, 1967, 1975; Sando and others, 1975). The 
Amsden Formation is a source of hydrogen sulfide in the Lost 
Soldier area north of Rawlins (De Bruin, 2002).

The Ranchester Limestone Member is a sequence of 
gray, tan, pink, or purple, dense or finely crystalline, cherty 
dolomite, dolomitic limestone, and limestone (Mallory, 1967, 
1975; Sando and others, 1975). They also described some 
interbedded pink to dark-red to green shale or shaly limestone, 
and white to gray fine to medium-grained sandstone, siltstone, 
and claystone. It is a marine deposit that is as much as 280 ft 
thick in the county (Mallory, 1967, 1975; Sando and others, 
1975).

According to Mallory (1967, 1975) and Sando and oth-
ers (1975), the Horseshoe Shale Member is a red to purple or 
maroon shale, siltstone, and mudstone that is locally yellow-
ish and light pinkish-gray with some beds and lenses of red 
fine-grained commonly calcareous sandstone, and silty, sandy, 
or argillaceous limestone. Sando and others (1975) proposed 
that the Horseshoe Shale Member was deposited in a lagoonal 
environment. It is as much as 150 ft thick in the county (Mal-
lory, 1967; Sando and others, 1975).

The Darwin Sandstone Member is a gray, white, cream, 
to salmon-colored fine to medium-grained quartz sandstone 
with silica and locally calcite cement (Mallory, 1967; Sando 
and others, 1975). The sandstone was deposited in a compli-
cated network of dunes, beaches, and bars during a dominantly 
eastward transgressing shoreline following the drowning of a 
fluvial system that was associated with the karst topography 
of an eroding Madison Limestone (Mallory, 1967; Sando and 
others, 1975).

Little hydrogeologic information is available for the 
Amsden Formation in Carbon County. Few wells are com-
pleted in the formation in Carbon County. In the Rawlins 
Uplift area, Berry (1960, p. 15), stated that little was known 

about the water-bearing properties of the formation, and that 
the formation likely “would yield very little water” because of 
low permeability rocks. Welder and McGreevy (1966) stated 
that “ground-water possibilities not known, but probably poor” 
in the Great Divide and Washakie Basins. Similarly, Collen-
tine and others (1981, table V-1, p. 46) defined the Amsden 
Formation as an “aquitard” between the Tensleep aquifer and 
underlying Madison aquifer in the Great Divide and Washakie 
Basins, and stated that the “unit probably has poor water-
bearing potential due to predominance of fine-grained sedi-
ments.” Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study, but 
no measurements were available for the Amsden Formation in 
Carbon County.

The chemical composition of ground water in the Ams-
den Formation in Carbon County was characterized and the 
quality evaluated on the basis of only two co-produced oil and 
gas water samples. One sample was from the Amsden Forma-
tion and one sample was from the Darwin Sandstone Member. 
Based on the TDS concentrations, water from the Amsden 
Formation was classified as very saline, whereas the water 
from the Darwin Sandstone Member was classified as slightly 
saline (figs. 30E and 30F). Both samples were classified as 
sodium-sulfate type water (figs. 30E and 30F). Hardness was 
very hard for both samples. Based on the few analyses avail-
able for these two samples, water from the Amsden Formation 
generally was unsuitable for domestic, agricultural, or live-
stock use, whereas water from the Darwin Sandstone Member 
generally was suitable for livestock use.

Madison Limestone
The Mississippian-age Madison Limestone, which con-

tains the Madison aquifer, occurs in all but the southeastern 
part of the county and is at or near surface around the uplifts 
(fig. 29). Most of the Madison Limestone is pink, purple, and 
gray limestone, dolomitic limestone and dolomite, with some 
sandy beds and lenses or beds of greenish-gray to brownish-
gray chert (Berry, 1960; Harshman, 1972). Units that overlie 
the Madison Limestone were deposited on a well-developed 
karst topography (Harshman, 1972; Sando and others, 1975). 
It is a shallow to moderately deep marine deposit that ranges 
from 0 to about 500 ft thick (Maughan, 1963; Mallory, 1979).

The basal Madison Limestone is a dark brown or dark 
reddish-brown arkosic sandstone and conglomerate that grades 
to a fine-grained red to brown sandstone in the Rawlins area 
(Berry, 1960; Maughan, 1963; Harshman, 1972; Mallory, 
1979). Sando and Sandberg (1987) suggested that parts of 
this sandstone may be the Englewood Formation and (or) 
Fremont Canyon Sandstone. Macke (1993, p. M93) suggested 
that this actually is the Cambrian-age Flathead Formation. 
This sandstone was deposited in nearshore marine environ-
ments around the ancestral Front Range that was an emergent 
lowland in southeastern Carbon County at this time (Mallory, 
1979; Sando and Sandberg, 1987). Sando and Sandberg (1987) 
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measured as much as 186 ft of Fremont Canyon Sandstone and 
as much as 45 ft of Englewood Formation in their study.

The Madison Limestone is a source of hydrogen sulfide 
in the Lost Soldier area north of Rawlins and is a source of 
natural gas in the Washakie Basin area (De Bruin, 2002). It 
also is a source of limestone and limestone aggregate in the 
Rawlins Uplift (Harris and others, 1985; Harris and Meyer, 
1986; Harris, 1996). In the Rawlins Uplift and Elk Mountain 
areas, the formation also is a potential source of iron, uranium, 
copper, gold, and silver (Harris and others, 1985; Harris, 
1996).

Collentine and others (1981) defined the Madison Lime-
stone as a “major aquifer” in the Great Divide and Washakie 
Basins. In addition, the investigator combined the aquifer with 
aquifers in the overlying Amsden Formation and Tensleep 
Sandstone and underlying undifferentiated Cambrian rocks 
into a regional aquifer system defined as the “Paleozoic 
aquifer system.” In contrast, Richter (1981) did not define the 
formation as an aquifer in the general vicinity of the Laramie, 
Shirley, and Hanna Basins (including Carbon County). The 
USGS defined the Madison Limestone as a “principal aquifer” 
(Whitehead, 1996) and referred to the aquifer as part of the 
“Paleozoic aquifers” category on the national Principal Aqui-
fers map (U.S. Geological Survey, 2003).

Permeability in the Madison aquifer is primarily second-
ary and well-developed in places (Berry, 1960; Collentine 
and others, 1981; Johnson and Huntoon, 1994, and refer-
ences therein). Solution cavities and channeling, caverns, and 
fractures (karstic features) have been noted by these previous 
investigators. Berry (1960) reported that “outside the Rawlins 
area, many large springs issue from this formation, and wells 
that yield more than 1,000 gal/min have been developed.” 
Collentine and others (1981) reported well yields ranging 
from 4 to 400 gal/min for the aquifer in the Great Divide and 
Washakie Basins, and reported specific capacity values of 
100 (gal/min)/ft at two wells. The investigators also noted low 
transmissivity from drill-stem tests (associated with oil wells) 
with values ranging from about 1.3 to about 2.7 ft2/day. They 
also reported a high transmissivity value (26,800 ft2/day) at 
one water well in Carbon County (T. 21 N., R. 87 W., sec-
tion 9).

The direction of ground-water flow in the Madison 
aquifer, including parts within Carbon County, is shown on 
a potentiometric-surface map constructed by Geldon (2003, 
plate 11). The potentiometric-surface map is reproduced in 
figure 17 and shows that ground-water flow in the Madison 
aquifer in Carbon County generally is towards the west, away 
from the outcrop (and source of recharge), and towards the 
Great Divide and Washakie Basin centers.

Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. Four 
measurements of well yields for pumped wells ranged from 6 
to 193 gal/min, with a median yield of about 58 gal/min. The 
measured discharge for one spring was 35 gal/min.

The chemical composition of ground water in the 
Madison aquifer in Carbon County was characterized and the 

quality evaluated on the basis of new and historical samples 
collected from wells and one spring. All but three of the 
samples were co-produced oil and gas water. TDS concentra-
tions were highly variable and indicated that water was fresh 
to very saline (fig. 30G). Two samples classified as fresh (the 
one new well sample and the spring sample) were calcium-
bicarbonate water type. Samples classified as slightly saline 
were sodium-sulfate type. The samples classified as moder-
ately saline and very saline were sodium-chloride type. Con-
centrations of many characteristics and constituents (hardness, 
calcium, sodium, chloride, sulfate, and TDS) significantly 
increased with increasing well depth (appendix 8). Hardness 
ranged from hard to very hard, although only one sample was 
classified as hard.

Concentrations of some characteristics and constituents 
in the Madison aquifer approached or exceeded applicable 
USEPA or State of Wyoming water-quality standards and 
could limit the suitability of waters for some intended uses. 
Most available water-quality analyses were from co-produced 
water samples, so many characteristic and constituent analyses 
were not available and could not be compared with health-
based, aesthetic, or State of Wyoming agricultural and live-
stock-use standards (appendixes 7-1 to 7-4). Although most 
measured salinities would prevent domestic use, the only two 
measured constituents that exceeded health-based standards 
were boron (proposed HAL exceeded in 1 of 3 samples) and 
radon (proposed 300-pCi/L MCL exceeded in one sample) 
(appendixes 6, 7-1 to 7-4). Aesthetic standards for domestic 
use were exceeded by concentrations of some characteristics 
and constituents, including pH (less than the SMCL lower 
limit in 1 of 6 samples), TDS and sulfate (SMCLs exceeded 
in 9 of 11 samples), and chloride (SMCL exceeded in 8 of 
11 samples).

In relation to suitability for agricultural and livestock use, 
concentrations of 4 characteristics and constituents exceeded 
State of Wyoming agricultural-use standards and concentra-
tions of 3 exceeded State of Wyoming livestock standards 
(appendixes 7-1 to 7-4). Several characteristics and constitu-
ents were measured at concentrations greater than agricultural-
use standards and included TDS (standard exceeded in 7 of 
11 samples), sulfate and chloride (standards exceeded in 9 of 
11 samples), and boron (standard exceeded in 1 of 3 samples). 
Some water from the Madison Limestone was unsuitable 
for livestock use, and three characteristics and constituents 
were measured at concentrations that did not meet livestock 
standards: pH (less than the lower limit standard in 1 of 
6 samples), TDS (standard exceeded in 4 of 11 samples), and 
chloride (standard exceeded in 1 of 11 samples).

Cambrian Rocks
Rocks of Cambrian age in Carbon County usually are 

undifferentiated (fig. 8). They occur in the western part of the 
county near Rawlins (fig. 29). The rocks are described as an 
upper sequence of red to reddish-brown shale and green glau-
conitic sandstone, and a lower sequence of medium-grained 
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quartzitic sandstone that is in part cemented by silica and 
in part conglomeratic (Berry, 1960; Welder and McGreevy, 
1966). The upper part seems to correspond to the sandy facies 
of the Gros Ventre Formation, whereas the lower part seems 
to correspond to the Flathead Sandstone (fig. 8) as reported by 
Keefer and Van Lieu (1966). The limestones of the Gallatin 
and Gros Ventre Formations appear to be absent in Carbon 
County. The lower sands are a shore and near-shore deposit 
in front of a transgressive sea, and the upper unit is a shallow 
marine and non-marine unit (Keefer and Van Lieu, 1966). 
Berry (1960) reported a thickness range from 0 to 600 ft. 
The Flathead Sandstone is a source of oil in the Lost Soldier 
area north of Rawlins (De Bruin, 2002). It also is a source of 
dimension stone and a potential source of mineral pigments, 
iron, and uranium in the Rawlins Uplift (Harris and others, 
1985; Harris and Meyer, 1986; Harris, 1996).

Early investigators (Berry, 1960; Welder and McGreevy, 
1966; and Lowry and others, 1973) had little information 
available to describe the hydrogeology of undifferentiated 
Cambrian rocks in the Carbon County area. Collentine and 
others (1981) defined the undifferentiated Cambrian rocks as 
a “major aquifer” and “major water-bearing zone” in the Great 
Divide and Washakie Basins. In addition, the investigator 
combined the rocks with the overlying Madison and Tensleep 
aquifers into a regional aquifer system defined as the “Paleo-
zoic aquifer system.” The USGS also defined the Cambrian 
rocks as a “principal aquifer” (Whitehead, 1996) and referred 
to the rocks as part of the “Paleozoic aquifers” category on 
the national Principal Aquifers map (U.S. Geological Survey, 
2003).

Few wells are completed in undifferentiated Cambrian 
rocks in Carbon County. Berry (1960, p. 14) reported that 
sandstones and conglomerates in undifferentiated Cambrian 
rocks in the Rawlins Uplift area “yield moderate supplies of 
water to wells.” Collentine and others (1981) reported that 
13 wells were completed in the Rawlins Uplift area, with 
yields for water wells ranging from 4 to 250 gal/min. Aquifer 
transmissivity values estimated from drill stem tests of oil 
wells ranged from less than 1 to about 3.6 ft2/day. In addition, 
the investigators reported two specific capacity values of less 
than 1 and 150 (gal/min)/ft.

Spring-discharge and well-yield measurements from 
the USGS NWIS database were reviewed for this study. Two 
measurements of well yields for pumped wells were 5 and 
150 gal/min. The measured discharge for one spring was 
100 gal/min.

The chemical composition of ground water in the Flat-
head Sandstone in Carbon County was characterized and the 
quality evaluated on the basis of only one co-produced oil and 
gas water sample. Based on the TDS concentration, the water 
was classified as moderately saline (fig. 30H). The sample 
was a sodium-sulfate type water (fig. 30H). Hardness was very 
hard. Based on the few analyses available for this sample, the 
water generally was suitable for livestock use.

The chemical composition of ground water in undifferen-
tiated rocks of Cambrian age in Carbon County was character-

ized and the quality evaluated on the basis of only two water 
samples (one well and one spring). Based on the dissolved-sol-
ids concentrations, the water was classified as fresh (fig. 30I). 
The spring sample was classified as calcium-bicarbonate type 
water, whereas the well sample was classified as calcium-
sodium-mixed anion type water (fig. 30I). Based on the few 
analyses available for these samples, the water generally was 
suitable for domestic, agricultural, and livestock use.

Precambrian Hydrogeologic Units
Rocks of Precambrian age occur throughout Carbon 

County and are exposed at land surface as the core rocks of the 
largest of the uplifts (fig. 29). Precambrian rocks account for 
approximately 13 percent of the surface exposures in Carbon 
County. Granitic rocks comprise more than one-half of the 
Precambrian outcrops, whereas metasedimentary and metavol-
canic rocks comprise more than one-third of the Precambrian 
outcrops (Love and Christiansen, 1985). Precambrian rocks 
are buried in the Hanna Basin by more than 37,000 ft of over-
lying sediment.

The Precambrian rocks in the county are highly min-
eralized. They are even a source of produced oil in the Lost 
Soldier area north of Rawlins (Harris and others, 1985; Harris 
and Meyer, 1986; Harris, 1996; De Bruin, 2002). The Seminoe 
District in the Seminoe Mountains is a source of iron, copper, 
gold, asbestos, and jade (Harris and others, 1985). There are 
three mineralized districts in the Medicine Bow Mountains 
of Carbon County: Cooper Hill (gold, iron, copper, lead, and 
silver), Gold Hill (gold), and Big Creek (thorium, uranium, 
rare earth elements, vermiculite, copper, and potassium feld-
spar) (Harris and others, 1985). The Sierra Madre are split into 
the northern and southern Encampment Districts, which are a 
source for gold, silver, copper, lead, zinc, tellurium, uranium, 
cobalt, nickel, and barium, as well as potassium feldspar, 
kyanite, garnet, mica, vermiculite, and tourmaline (Harris 
and others, 1985). Dimensional and ornamental stone also is 
available in the Medicine Bow Mountains (quartzite, marble, 
and dolomite), Sierra Madre (orbicular granite), and Ferris 
Mountains (orbicular granite) (Harris and others, 1985; Harris 
and Meyer, 1986; Harris, 1996). Precambrian granites also 
are used for crushed aggregate and ballast (Harris and Meyer, 
1986). Precambrian rocks in the county are potential sources 
of arsenic, boron, beryl, graphite, corundum, lanthanum, 
lithium, manganese, molybdenum, sapphire, tin, sillimanite, 
titanium, and tungsten (Harris and others, 1985).

Precambrian hydrogeologic units are used locally for 
domestic wells. Wells are completed at relatively shallow 
depths where the rocks crop out and permeability is attribut-
able to weathered, fractured, or faulted rocks (Berry, 1960; 
Lowry and others, 1973; Collentine and others, 1981; Rich-
ter, 1981). Lowry and others (1973) noted that the shallow 
permeable zone typically is less than 100 ft deep. They also 
noted that fractures decreased in both size and number at 
greater depths. Collentine and others (1981) reported that 
well yields in the Great Divide and Washakie Basins ranged 
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from 2 to 150 gal/min, but that most well yields were 10 to 
20 gal/min. Reported specific capacity values ranged from less 
than 1 to 150 (gal/min)/ft, but most ranged from less than 1 to 
2 (gal/min)/ft. Aquifer transmissivity values were reported to 
range from less than 1 to 536 ft2/day, but most were less than 
134 ft2/day. In the Laramie, Shirley, and Hanna Basins, Richter 
(1981) reported that yields for springs and wells ranged from 1 
to 25 gal/min.

Spring-discharge and well-yield measurements from the 
USGS NWIS database were reviewed for this study. Three 
measurements of well yields for pumped wells ranged from 9 
to 50 gal/min, with a median yield of 20 gal/min. Five mea-
sured discharges for springs ranged from 1 to 100 gal/min with 
a median discharge of 10 gal/min.

The chemical composition of ground water in the 
Precambrian hydrogeologic units in Carbon County was 
characterized and the quality evaluated on the basis of new 
and historical samples collected from three wells and four 
springs. TDS concentrations indicated that the water was fresh 
(fig. 31). All but one sample was classified as calcium-bicar-
bonate type; the remaining sample was classified as mixed 
cation-bicarbonate type. Hardness ranged from soft to hard.

With the exception of some radionuclide concentrations, 
water from the Precambrian rocks was suitable for domestic, 
agricultural, and livestock use. Gross-alpha activities in both 
samples analyzed for radionuclides (appendix 6) exceeded the 
USEPA MCL and State of Wyoming standards for agricultural 
and livestock use. In addition, the USEPA proposed 300-pCi/L 
MCL for radon was exceeded in all three samples analyzed, 
and the USEPA proposed 4,000-pCi/L alternate MCL was 
exceeded in 1 of 3 samples.

Water Use
The USGS performs a nationwide water-use survey every 

5 years to estimate water use by categories, and total water 
use for each State and county. The most recent survey was 
completed for the year 2000 (Hutson and others, 2004; U.S. 
Geological Survey, 2005). Table 4 summarizes the estimated 
water use in 2000 for Carbon County. The numerical data in 
table 4 are the mean daily quantities used, and were calculated 
by taking the total annual quantities used and dividing by 366 
(2000 was a leap year). In most cases, the actual water used in 
a category was not measured directly, but estimated based on 
some other known related value (for example, acres irrigated, 
tons of ore produced, or population). For this reason, the 
water-use numbers described here should be considered gross 
approximations.

The estimated mean daily water use in Carbon County 
in 2000 was 320.12 million gallons per day (Mgal/d). About 
98 percent of the total water used was supplied by surface 
water, with ground water supplying about 2 percent. Irrigation 
was the largest use of water in the county, with an estimated 
312.21 Mgal/d used to irrigate about 74,200 acres in 2000. 

Hay (alfalfa and grass) used more than 99 percent of the 
irrigated acres and irrigation consumptive water use in 2000, 
with barley and oats using less than 1 percent of the irrigation 
consumptive water use on less than 1 percent of the irrigated 
acres. Water used for irrigation accounted for about 98 percent 
of total water use. Surface water comprised more than 99 per-
cent of the irrigation water in the county, whereas ground 
water accounted for less than 1 percent of the irrigation water 
used. Excluding irrigation, ground water comprised about 
74 percent of total water use in Carbon County.

Table 4.  Estimated water use in 2000 in Carbon County, Wyoming 
(Hutson and others, 2004; U.S. Geological Survey, 2005).

Water use, in million gallons per day

Use Surface water Ground water Total

Irrigation 312.21 1.07 313.28

Public supply 1.57 1.81 3.38

Mining 0.14 3.01 3.15

Industrial 0.07 0.13 0.20

Domestic 0.00 0.11 0.11

Thermoelectric 0.00 0.00 0.00

Totals 313.99 6.13 320.12

Public supply was the second largest water use with 
an estimated 3.38 Mgal/d used in 2000. The public supply 
category includes community water systems, non-transient 
noncommunity water systems (for example, schools and 
factories), and transient non-community water systems (for 
example, campgrounds and rest areas), but community water 
systems generally account for most of the public supply water 
used. The USEPA lists 11 community water systems, with one 
system for all 10 municipalities in Carbon County, and one 
additional system for the Deer Haven Mobile Home Park (U.S. 
Environmental Protection Agency, 2002b). These 11 com-
munity water systems provide water to about 90 percent of the 
county’s population. Six community water systems exclusively 
use surface water (Baggs, Dixon, Encampment, Hanna, Sara-
toga, and Sinclair), whereas four exclusively use ground water 
(Deer Haven Mobile Home Park, Elk Mountain, Medicine 
Bow, and Riverside (served by the Sierra Madre Water and 
Sewer Joint Powers Board)). Rawlins uses both surface and 
ground water.

Mining was the third largest use of water in the county 
in 2000 with an estimated mean daily use of 3.15 Mgal/d. 
Ground water supplied about 96 percent of the water used for 
mining. Only about 16 percent of the total water used was 
fresh water, the rest was saline. Oil and gas production com-
prised 81 percent of the water used, coal comprised slightly 
less than 18 percent, and crushed stone comprised slightly 
more than 1 percent. CBM extraction was not considered as 
part of the mining category. In 2000, water produced by CBM 
extraction in the county was estimated to be 20,111 gallons per 
day (Wyoming Oil and Gas Conservation Commission, 2003).
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Figure 31.  Trilinear diagram showing major-ion composition and 
dissolved-solids concentrations for ground-water samples from 
aquifers in Precambrian hydrogeologic units, Carbon County, 
Wyoming.
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Industrial and domestic water uses in the county were 
the smallest in the 2000 survey with a combined estimated 
0.31 Mgal/d used. The industrial water-use category accounted 
for water used by industries that supplied their own water. 
Water used by industries supplied from municipal water 
systems was counted under the public supply category. The 
domestic category accounted for self-supplied (supplied by 
private wells) water used in private homes. Water used in 
homes connected to municipal water systems was counted as 
part of the public supply category.

Livestock water use was not reported in the 2000 survey. 
The 1995 estimate for livestock usage in the county was 
1.21 Mgal/d (U.S. Geological Survey, 2005).

Thermoelectric power generation was the one additional 
water-use category estimated in the 2000 survey for all coun-
ties in Wyoming. No water was used for thermoelectric power 
generation in Carbon County.

Summary
Carbon County occupies a physiographically diverse 

region with a complex geologic past that has resulted in the 
accumulation of abundant natural resources such as coal, 
oil, natural gas (both conventional and coalbed methane), 
minerals, and uranium. Extraction and development of these 
natural resources are an important part of the economies of 
Carbon County and the State of Wyoming. Continued extrac-
tion and development of these natural resources likely will 
increase the demand for water use in the county. Increased 
water development has the potential to affect the quantity and 
quality of water resources in Carbon County. To address this 
concern, a study was conducted by the U.S. Geological Survey 
in cooperation with the Wyoming State Engineer’s Office to 
describe the water resources of Carbon County. Surface-water 
data were not collected as part of the study. Evaluations of 
streamflow and stream-water quality were limited to analyses 
of historical data and descriptions of previous investigations. 
Forty-five new ground-water-quality samples were collected 
as part of the study, and the results from an additional 618 
historical ground-water-quality samples were included in the 
study.

Regional and local drainage basin characteristics vary 
substantially within Carbon County. Mountainous areas 
generally are characterized by steep, high-altitude basins with 
relatively high precipitation, resistant geology, and dense veg-
etative cover, whereas lowland areas generally are character-
ized by lower altitude, relatively flat basins with low precipita-
tion, less resistant geology, and sparse vegetative cover. Every 
possible combination of these drainage basin characteristics 
likely occur within the county, resulting in a wide variety of 
streamflow characteristics. In addition, anthropogenic influ-
ences such as reservoirs and diversions further alter stream-
flow characteristics.

Water-quality characteristics of selected streams in 
and near Carbon County during water years 1966 through 
1986 varied. Concentrations of dissolved constituents and 
suspended sediment were smallest at sites on streams with 
headwaters in mountainous areas because of resistant geo-
logic units, increased vegetative cover, and large diluting 
streamflows compared to structural basin areas. Nutrient and 
bacteria concentrations measured at selected sites generally 
were low when compared to various water-quality standards. 
Historical and recent anthropogenic activities contributed to 
natural sources of many dissolved constituents and suspended 
sediment.

Ground water occurs in the county under both water-
table and artesian conditions. Discharge from aquifers occurs 
mainly as seepage to streams, discharge to springs and seeps, 
pumpage from wells, evapotranspiration, and underflow along 
streams and in aquifers that extend out of the area.

The ground-water quality in the county is highly variable, 
in part reflecting the complex geologic history of the region. 
Shallow ground water is available throughout the county. 
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In most areas, shallow ground water is at least suitable for 
livestock use, but in many areas the water is only marginally 
suitable or unsuitable for domestic and irrigation uses, mainly 
because of high total-dissolved solids (TDS) concentrations.

Ground-water quality tends to deteriorate as the dis-
tance from recharge areas increases, and as the depth below 
land surface increases. Ground water from depths greater 
than a few thousand feet tends to have TDS concentrations 
that make it moderately saline to briny. In some areas, even 
shallow ground water is moderately saline. In parts of some 
aquifers, other constituents in the ground water occur in high 
concentrations when compared to U.S. Environmental Protec-
tion Agency drinking-water standards and when compared to 
Wyoming Department of Environmental Quality agricultural 
and livestock standards; for example, high concentrations of 
sulfate, chloride, fluoride, boron, iron, manganese, and radon 
were found in several aquifers.

The estimated mean daily water use in Carbon County 
in 2000 was 320.12 million gallons per day. Water used for 
irrigation accounted for about 98 percent of this total. About 
98 percent of the total water used was supplied by surface 
water, and about 2 percent by ground water. Excluding irriga-
tion, ground water comprised about 74 percent of total water 
use in Carbon County. Although ground water is used to a 
much lesser extent than surface water, in many areas of the 
county it is the only available water source.
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Appendix 1.  Monthly- and annual-streamflow 
characteristics, selected sites in and near Carbon County, 
Wyoming.
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Appendix 2.  Peak-flow characteristics, selected streamflow-gaging stations, 
in and near Carbon County, Wyoming.
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Appendix 3.  Annual low-flow characteristics, selected sites in and near 
Carbon County, Wyoming.

Appendix 3-1.  Annual1 low-flow characteristics, 06620000 North Platte River near Northgate, Colorado (Site 1).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 21.2 22.6 23.3 27.5 33.1 38.0

.05 20 26.4 28.1 29.0 33.9 39.7 44.9

.10 10 32.0 33.8 34.9 40.4 46.4 51.8

.20 5 40.0 42.0 43.3 49.5 55.6 61.3

.50 2 59.6 62.0 63.6 70.4 76.7 83.0

.80 1.25 85.8 88.6 90.1 96.2 103 110

.90 1.11 103 105 107 111 118 126

.99 1.01 151 154 153 152 159 170

Appendix 3-2.  Annual1 low-flow characteristics, 06621000 Douglas Creek near Foxpark, Wyoming (Site 3).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
.05 20 2.32 2.52 2.58 3.14 3.55 3.84

.10 10 2.75 2.98 3.06 3.76 4.32 4.71

.20 5 3.36 3.63 3.75 4.62 5.37 5.90

.50 2 4.89 5.23 5.46 6.64 7.72 8.50

.80 1.25 6.98 7.40 7.85 9.16 10.4 11.3

.90 1.11 8.36 8.81 9.44 10.7 11.9 12.8

.99 1.01 12.6 13.1 14.4 14.8 15.4 15.8

Appendix 3-3.  Annual1 low-flow characteristics, 06622700 North Brush Creek near Saratoga, Wyoming (Site 5).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 4.15 4.47 4.66 5.32 5.93 6.40

.05 20 4.65 4.97 5.16 5.93 6.45 6.86

.10 10 5.12 5.43 5.62 6.47 6.93 7.29

.20 5 5.71 6.01 6.21 7.12 7.52 7.84

.50 2 6.93 7.20 7.40 8.34 8.71 8.99

.80 1.25 8.22 8.47 8.65 9.45 9.93 10.3

.90 1.11 8.91 9.15 9.31 9.96 10.6 11.0

.99 1.01 10.5 10.8 10.9 11.0 12.1 13.0

Appendix 3-4.  Annual1 low-flow characteristics, 06622900 South Brush Creek near Saratoga, Wyoming (Site 6).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.05 20 0.92 0.94 1.08 2.04 2.80 3.37

.10 10 1.26 1.32 1.46 2.49 3.22 3.74

.20 5 1.78 1.91 2.03 3.13 3.81 4.25

.50 2 3.10 3.42 3.52 4.64 5.18 5.50

.80 1.25 4.73 5.32 5.43 6.52 6.89 7.22

.90 1.11 5.64 6.36 6.55 7.63 7.94 8.36

.99 1.01 7.63 8.64 9.23 10.5 10.9 12.1
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Appendix 3-5.  Annual1 low-flow characteristics, 06623800 Encampment River above Hog Park near Encampment, Wyoming (Site 7).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 9.62 10.1 10.2 11.0 11.2 11.6

.05 20 10.5 11.0 11.2 12.0 12.4 12.8

.10 10 11.3 11.9 12.1 13.0 13.5 14.0

.20 5 12.4 13.1 13.3 14.2 14.9 15.5

.50 2 15.0 15.8 16.0 17.1 17.9 18.6

.80 1.25 18.2 19.0 19.4 20.4 21.3 22.2

.90 1.11 20.1 21.0 21.5 22.4 23.3 24.3

.99 1.01 25.9 26.8 27.5 28.0 28.7 29.7

Appendix 3-6.  Annual1 low-flow characteristics, 06625000 Encampment River at mouth near Encampment, Wyoming (Site 9; before 
diversion).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.05 20 11.2 12.6 13.0 15.6 20.9 26.0

.10 10 13.4 14.8 15.3 18.5 23.6 29.2

.20 5 16.4 17.9 18.5 22.3 27.2 33.4

.50 2 23.4 24.8 25.6 30.4 35.0 42.5

.80 1.25 31.5 32.8 33.5 38.9 44.2 52.7

.90 1.11 36.2 37.2 37.9 43.2 49.6 58.4

.99 1.01 47.9 48.2 48.4 52.2 63.6 72.6

Appendix 3-7.  Annual1 low-flow characteristics, 06625000 Encampment River at mouth near Encampment, Wyoming (Site 9; after 
diversion).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 10.2 11.1 11.8 15.3 21.3 25.7

.05 20 13.9 15.0 15.9 20.3 26.4 31.2

.10 10 17.9 19.2 20.3 25.5 31.4 36.5

.20 5 23.6 25.1 26.5 32.6 38.2 43.5

.50 2 36.9 38.9 40.6 47.7 53.1 58.5

.80 1.25 51.9 54.5 56.3 62.9 69.5 74.6

.90 1.11 59.8 62.8 64.4 70.0 78.3 83.1

.99 1.01 76.4 80.6 81.4 83.0 98.6 102

Appendix 3-8.  Annual1 low-flow characteristics, 06627000 North Platte River at Saratoga, Wyoming (Site 10).

[e, estimated]

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 59.3 62.8 65.6 81.1 105 113

.05 20 75.6 80.1 83.3 100 125 138

.10 10 92.4 97.9 101 120 145 163

.20 5 116 123 126 146 172 194

.50 2 170 178 182 203 228 256

.80 1.25 234 241 244 266 290 315

.90 1.11 271 276 278 299 324 342

.99 1.01 e346 e351 355 374 e396 e417
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Appendix 3-9.  Annual1 low-flow characteristics, 06628900 Pass Creek near Elk Mountain, Wyoming (Site 12).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 1.24 1.32 1.45 2.49 3.23 4.24

.05 20 1.66 1.79 1.95 2.99 3.78 4.80

.10 10 2.12 2.31 2.49 3.52 4.36 5.38

.20 5 2.81 3.09 3.30 4.30 5.18 6.17

.50 2 4.65 5.09 5.36 6.31 7.23 8.11

.80 1.25 7.27 7.82 8.17 9.29 10.1 10.8

.90 1.11 9.00 9.54 9.94 11.4 12.1 12.5

.99 1.01 14.1 14.3 14.9 18.6 18.6 18.1

Appendix 3-10.  Annual1 low-flow characteristics, 0663000 North Platte River above Seminoe Reservoir near Sinclair, Wyoming   
(Site 17).

[e, estimated]

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 56.4 59.1 61.9 75.8 99.2 124

.05 20 72.7 76.0 79.4 97.2 123 151

.10 10 90.0 94.1 98.0 120 148 178

.20 5 115 120 125 151 182 215

.50 2 177 186 192 224 259 293

.80 1.25 259 275 283 313 348 380

.90 1.11 310 331 340 364 399 427

.99 1.01 451 e458 e462 489 522 e550

Appendix 3-11.  Annual1 low-flow characteristics, 06632400 Rock Creek above King Canyon Canal near Arlington, Wyoming (Site 22)

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 5.00 5.41 5.61 6.00 6.27 6.51

.05 20 5.35 5.74 5.94 6.38 6.70 6.96

.10 10 5.68 6.07 6.27 6.75 7.13 7.42

.20 5 6.14 6.52 6.72 7.27 7.71 8.03

.50 2 7.21 7.57 7.78 8.49 9.05 9.44

.80 1.25 8.59 8.96 9.16 10.1 10.8 11.3

.90 1.11 9.47 9.85 10.1 11.1 11.9 12.4

.99 1.01 12.2 12.6 12.8 14.3 15.3 15.9

Appendix 3-12.  Annual1 low-flow characteristics, 06632500 Rock Creek at Arlington, Wyoming (Site 23).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 1.92 2.47 2.59 3.32 4.94 5.65

.05 20 2.68 3.24 3.38 4.10 5.38 6.00

.10 10 3.49 4.01 4.18 4.87 5.85 6.40

.20 5 4.57 5.05 5.24 5.91 6.55 7.02

.50 2 6.74 7.16 7.42 8.13 8.36 8.77

.80 1.25 8.56 9.14 9.51 10.5 11.1 11.7

.90 1.11 9.24 10.0 10.4 11.8 13.2 14.0

.99 1.01 10.1 11.5 12.1 14.5 20.7 23.4
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Appendix 3-13.  Annual1 low-flow characteristics, 06634600 Little Medicine Bow River near Medicine Bow, Wyoming (Site 28).

[e, estimated]

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.05 20 0.00 0.00 0.00 0.00 0.00 0.16

.10 10 .00 .00 .00 .00 .00 .28

.20 5 .00 .00 .00 .00 .09 .52

.50 2 .65 .70 .72 e1.0 e1.2 1.44

.80 1.25 1.10 1.17 1.19 2.52 2.68 3.26

.90 1.11 1.31 1.40 1.41 3.24 4.75 e6.0

.99 1.01 1.83 1.94 e2.2 3.71 e5.7 e7.8

Appendix 3-14.  Annual1 low-flow characteristics, 06634620 Little Medicine Bow River at Boles Spring near Medicine Bow, Wyoming 
(Site 29).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.05 20 0.21 0.24 0.25 0.46 0.67 0.93

.10 10 .28 .32 .35 .56 .80 1.14

.20 5 .40 .46 .50 .71 1.00 1.46

.50 2 .71 .80 .86 1.10 1.57 2.44

.80 1.25 1.11 1.22 1.29 1.67 2.53 4.18

.90 1.11 1.34 1.46 1.52 2.06 3.28 5.62

.99 1.01 1.88 1.98 2.00 3.34 6.23 11.7

Appendix 3-15.  Annual1 low-flow characteristics, 06635000 Medicine Bow River above Seminoe Reservoir near Hanna, Wyoming  
(Site 30).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 0.35 0.57 0.72 2.04 3.93 7.55

.05 20 .82 1.15 1.37 3.09 5.43 9.54

.10 10 1.59 2.04 2.32 4.39 7.19 11.7

.20 5 3.24 3.80 4.16 6.59 10.0 15.1

.50 2 9.62 10.3 10.8 13.6 18.4 24.3

.80 1.25 20.7 21.9 22.6 26.1 32.8 39.2

.90 1.11 27.6 29.7 30.9 35.6 43.7 50.2

.99 1.01 42.6 50.4 54.3 69.7 83.8 90.3

Appendix 3-16.  Annual1 low-flow characteristics, 06636000 North Platte River above Pathfinder Reservoir, Wyoming (Site 33).

[--, not determined]

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 15.2 15.7 36.9 49.9 81.4 98.6

.05 20 34.2 35.6 64.9 83.1 119 142

.10 10 63.0 65.8 99.6 122 158 186

.20 5 116 121 153 179 213 246

.50 2 253 264 271 293 321 355

.80 1.25 -- -- -- -- -- --

.90 1.11 -- -- -- -- -- --

.99 1.01 -- -- -- -- -- --
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Appendix 3-17.  Annual1 low-flow characteristics, 06639000 Sweetwater River near Alcova, Wyoming (Site 36).

[--, not determined]

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 0.57 0.59 0.61 0.95 1.88 3.78

.05 20 1.08 1.12 1.16 1.76 3.47 6.21

.10 10 1.82 1.91 1.98 2.93 5.62 9.19

.20 5 3.32 3.47 3.61 5.15 9.39 13.9

.50 2 9.23 9.64 9.97 13.1 20.4 25.8

.80 1.25 21.9 22.8 23.4 27.5 34.6 39.3

.90 1.11 32.6 33.7 34.3 38.0 42.1 45.7

.99 1.01 -- -- -- -- -- --

Appendix 3-18.  Annual1 low-flow characteristics, 06641000 North Platte River below Pathfinder Reservoir, Wyoming (Site 37).

[--; not determined]

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 -- -- -- -- -- --

.05 20 -- -- -- -- -- --

.10 10 0.77 0.79 0.81 0.91 1.04 1.12

.20 5 1.42 1.52 1.55 2.03 2.65 3.06

.50 2 5.60 6.26 6.40 9.98 15.2 19.4

.80 1.25 29.1 32.8 33.7 53.1 82.4 110

.90 1.11 77.1 86.0 88.8 131 195 262

.99 1.01 1,100 1,130 1,190 1,240 1,420 1,830

Appendix 3-19.  Annual1 low-flow characteristics, 06642000 North Platte River at Alcova, Wyoming (Site 39).

[e; estimated]

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 e0.39 0.40 e0.41 e0.45 e0.47 0.49

.05 20 e1.39 1.40 e1.41 e1.50 1.70 1.90

.10 10 3.96 3.99 4.02 4.18 5.14 5.82

.20 5 12.8 13.1 13.4 14.6 17.9 20.3

.50 2 96.0 101 105 122 147 165

.80 1.25 533 575 603 736 860 926

.90 1.11 1,170 1,280 1,340 1,670 1,900 1,990

.99 1.01 5,660 6,360 6,700 e7,650 e8,300 8,620
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Appendix 3-20.  Annual1 low-flow characteristics, 06661000 Little Laramie River near Filmore, Wyoming (Site 43).

[e; estimated]

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 2.86 3.87 5.88 8.16 9.48 10.1

.05 20 5.06 6.02 7.55 9.63 11.1 11.8

.10 10 7.62 8.35 9.23 11.1 12.6 13.4

.20 5 11.1 11.5 e11.8 13.0 14.5 15.5

.50 2 e15.5 e15.9 16.0 17.1 18.6 19.9

.80 1.25 18.9 19.8 20.4 21.7 23.0 24.5

.90 1.11 19.1 20.4 e21.2 24.3 25.3 26.9

.99 1.01 19.2 20.8 e22.0 e25.8 30.6 32.4

Appendix 3-21.  Annual1 low-flow characteristics, 09253000 Little Snake River near Slater, Colorado (Site 48).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 5.65 7.36 8.11 10.6 12.6 14.7

.05 20 7.29 8.85 9.54 12.1 14.2 16.3

.10 10 9.00 10.4 11.0 13.6 15.9 18.0

.20 5 11.4 12.5 13.0 15.8 18.2 20.3

.50 2 16.8 17.4 17.9 20.9 23.9 26.1

.80 1.25 23.0 23.7 24.3 27.7 31.7 34.5

.90 1.11 26.4 27.6 28.5 32.1 37.0 40.3

.99 1.01 34.3 38.6 40.8 45.9 54.1 60.1

Appendix 3-22.  Annual1 low-flow characteristics, 09255000 Slater Fork near Slater, Colorado (Site 51).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 0.00 0.06 0.28 0.97 1.80 3.18

.05 20 .03 .29 .56 1.43 2.42 3.94

.10 10 .29 .64 .96 1.98 3.14 4.79

.20 5 .96 1.38 1.71 2.89 4.26 6.06

.50 2 3.61 3.97 4.23 5.64 7.48 9.58

.80 1.25 6.62 7.65 8.18 10.3 12.8 15.3

.90 1.11 7.70 9.56 10.6 13.7 16.8 19.6

.99 1.01 8.70 12.8 16.0 25.3 31.0 35.4

Appendix 3-23.  Annual1 low-flow characteristics, 09255500 Savery Creek at upper station near Savery, Wyoming (Site 52).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.05 20 0.64 0.78 0.90 1.69 2.49 3.24

.10 10 1.01 1.20 1.35 2.26 3.12 3.97

.20 5 1.70 1.94 2.14 3.17 4.11 5.07

.50 2 4.04 4.42 4.68 5.85 6.93 8.10

.80 1.25 8.23 8.82 9.11 10.3 11.6 12.9

.90 1.11 11.3 12.0 12.4 13.5 15.3 16.5

.99 1.01 20.6 22.2 22.8 24.6 28.9 29.5

Appendix 3    133



Appendix 3-24.  Annual1 low-flow characteristics, 09256000 Savery Creek near Savery, Wyoming (Site 53).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 0.00 0.00 0.00 0.43 1.07 2.33

.05 20 .00 .15 .18 .76 1.62 3.15

.10 10 .41 .44 .50 1.24 2.33 4.12

.20 5 1.05 1.10 1.21 2.15 3.54 5.68

.50 2 3.64 4.01 4.27 5.57 7.58 10.4

.80 1.25 9.26 10.4 10.8 12.7 15.3 19.0

.90 1.11 14.1 15.4 15.9 18.7 21.7 26.0

.99 1.01 e30 31.4 32.1 41.1 46.7 53.7

Appendix 3-25.  Annual1 low-flow characteristics, 09257000 Little Snake River near Dixon, Wyoming (Site 54).

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 0.20 0.29 0.37 0.59 0.87 1.43

.05 20 .35 .48 .60 .92 1.41 2.45

.10 10 .60 .78 .92 1.39 2.17 3.89

.20 5 1.12 1.40 1.60 2.33 3.70 6.74

.50 2 3.81 4.43 4.81 6.69 10.5 18.5

.80 1.25 13.2 14.7 15.5 20.9 30.6 48.0

.90 1.11 25.4 28.1 29.4 39.1 54.3 77.6

.99 1.01 123 137 146 192 219 229

Appendix 3-26.  Annual1 low-flow characteristics, 09258000 Willow Creek near Dixon, Wyoming (Site 55).

[e, estimated; --, not determined]

Non-exceedance 
probability

Recurrence interval 
(years)

Mean streamflow, in cubic feet per second, for selected periods, in consecutive days

3 7 10 30 60 90
0.02 50 0.00 0.00 0.00 0.23 0.30 0.68

.05 20 .00 .00 .07 .37 .48 0.84

.10 10 .00 .10 .18 .53 .71 1.01

.20 5 .32 .34 .42 .79 1.05 1.26

.50 2 .83 e1.0 1.12 1.47 1.84 e2.0

.80 1.25 1.54 1.77 1.90 2.30 2.58 2.67

.90 1.11 2.00 e2.1 2.22 2.74 2.87 3.20

.99 1.01 -- -- -- -- -- --
1Based on climate year from April 1 through March 31.

134    Water Resources of Carbon County, Wyoming



Appendix 4.  Streamflow duration statistics, selected sites in and near Carbon 
County, Wyoming.

Appendix 4-2.  Streamflow duration 
statistics, 06621000 Douglas Creek near 
Foxpark, Wyoming (Site 3).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
3.20 99

3.60 98

4.60 95

6.04 90

7.00 85

7.88 80

8.72 75

9.59 70

10.5 65

11.4 60

12.3 55

13.4 50

15.0 45

17.0 40

21.4 35

27.6 30

38.9 25

65.0 20

120 15

245 10

498 5

723 2

877 1

Appendix 4-3.  Streamflow duration sta-
tistics, 06622700 North Brush Creek near 
Saratoga, Wyoming (Site 5).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
5.93 99

6.40 98

7.35 95

7.89 90

8.44 85

8.88 80

9.27 75

9.67 70

10.1 65

10.8 60

11.5 55

12.3 50

13.3 45

14.5 40

16.3 35

19.3 30

24.7 25

38.0 20

74.0 15

154 10

286 5

409 2

488 1

Appendix 4-1.  Streamflow duration 
statistics, 06620000 North Platte River near 
Northgate, Colorado (Site 1).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
36.4 99

44.1 98

55.2 95

67.4 90

76.4 85

84.6 80

92.8 75

103 70

114 65

128 60

142 55

161 50

190 45

226 40

275 35

341 30

451 25

602 20

848 15

1,208 10

1,821 5

2,542 2

3,122 1
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Appendix 4-4.  Streamflow duration sta-
tistics, 06622900 South Brush Creek near 
Saratoga, Wyoming (Site 6).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
1.93 99

2.55 98

3.98 95

4.71 90

5.07 85

5.44 80

5.82 75

6.21 70

6.60 65

7.09 60

7.67 55

8.25 50

9.20 45

10.5 40

13.0 35

15.8 30

22.6 25

32.3 20

53.9 15

94.7 10

174 5

261 2

308 1

Appendix 4-5.  Streamflow duration 
statistics, 06623800 Encampment River 
above Hog Park Creek near Encampment, 
Wyoming (Site 7).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
12.0 99

13.2 98

15.1 95

16.7 90

18.0 85

19.1 80

20.3 75

21.6 70

22.9 65

24.5 60

26.2 55

28.4 50

31.2 45

35.0 40

40.7 35

50.7 30

68.2 25

106 20

193 15

371 10

614 5

856 2

979 1

Appendix 4-6.   Streamflow duration 
statistics, 06625000 Encampment River at 
mouth near Encampment, Wyoming (Site 9; 
before diversion).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
19.6 99

22.6 98

28.2 95

34.9 90

40.3 85

44.5 80

48.2 75

51.7 70

54.6 65

57.4 60

60.3 55

63.7 50

68.0 45

72.3 40

79.4 35

88.5 30

118 25

209 20

435 15

781 10

1,197 5

1,684 2

1,982 1
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Appendix 4-7.  Streamflow duration 
statistics, 06625000 Encampment River at 
mouth near Encampment, Wyoming (Site 9; 
after diversion).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
21.2 99

28.4 98

39.1 95

47.7 90

53.6 85

58.4 80

62.9 75

66.5 70

70.1 65

73.7 60

78.6 55

83.6 50

88.6 45

98.2 40

108 35

124 30

152 25

224 20

392 15

770 10

1,358 5

1,850 2

2,099 1

Appendix 4-8.  Streamflow duration 
statistics, 06627000 North Platte River at 
Saratoga, Wyoming (Site 10).

Appendix 4-9.  Streamflow duration 
statistics, 06628900 Pass Creek near Elk 
Mountain, Wyoming (Site 12).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
113 99

136 98

171 95

206 90

232 85

251 80

270 75

289 70

310 65

330 60

362 55

395 50

440 45

494 40

594 35

760 30

1,035 25

1,528 20

2,273 15

3,395 10

5,154 5

7,100 2

8,682 1

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
3.19 99

3.75 98

4.94 95

6.36 90

7.40 85

8.04 80

8.68 75

9.38 70

10.3 65

11.3 60

12.3 55

13.6 50

15.0 45

17.1 40

20.2 35

25.1 30

34.1 25

50.0 20

73.7 15

116 10

187 5

280 2

363 1
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Appendix 4-10.  Streamflow duration sta-
tistics, 06630000 North Platte River above 
Seminoe Reservoir near Sinclair, Wyoming 
(Site 17).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
111 99

140 98

188 95

228 90

254 85

279 80

303 75

327 70

353 65

380 60

412 55

447 50

492 45

554 40

660 35

803 30

1,042 25

1,445 20

2,107 15

3,128 10

4,851 5

6,774 2

8,032 1

Appendix 4-11.  Streamflow duration 
statistics, 06632400 Rock Creek above King 
Canyon Canal near Arlington, Wyoming 
(Site 22).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
6.03 99

6.67 98

7.27 95

8.17 90

8.81 85

9.44 80

10.3 75

11.2 70

12.2 65

13.0 60

13.9 55

15.3 50

16.7 45

19.1 40

22.8 35

29.3 30

40.4 25

63.7 20

123 15

260 10

479 5

720 2

876 1

Appendix 4-12.  Streamflow duration sta-
tistics, 06632500 Rock Creek at Arlington, 
Wyoming (Site 23).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
4.79 99

5.64 98

6.47 95

7.49 90

8.24 85

9.02 80

9.93 75

10.8 70

11.8 65

12.8 60

13.7 55

15.4 50

17.6 45

20.4 40

24.1 35

29.7 30

39.0 25

61.8 20

118 15

227 10

400 5

618 2

775 1
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Appendix 4-13.  Streamflow duration sta-
tistics, 06634600 Little Medicine Bow River 
near Medicine Bow, Wyoming (Site 28).

Appendix 4-14.  Streamflow duration 
statistics, 06634620 Little Medicine Bow 
River at Boles Spring near Medicine Bow, 
Wyoming (Site 29).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
0.41 99

.57 98

.93 95

1.30 90

1.65 85

2.17 80

3.05 75

3.89 70

4.75 65

5.72 60

6.79 55

8.20 50

10.0 45

12.6 40

15.8 35

21.3 30

30.3 25

44.9 20

73.6 15

124 10

219 5

335 2

438 1

Appendix 4-15.  Streamflow duration 
statistics, 06635000 Medicine Bow River 
above Seminoe Reservoir near Hanna, 
Wyoming (Site 32).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
3.57 99

5.90 98

9.59 95

14.9 90

19.1 85

22.9 80

26.7 75

30.7 70

34.7 65

40.0 60

46.0 55

52.6 50

62.3 45

71.9 40

91.5 35

125 30

174 25

248 20

358 15

533 10

833 5

1,258 2

1,631 1

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
0.00 99

.00 98

.10 95

.93 90

1.57 85

2.30 80

3.13 75

4.06 70

5.14 65

6.25 60

7.41 55

8.72 50

11.0 45

13.4 40

16.6 35

21.8 30

35.3 25

65.5 20

120 15

195 10

336 5

574 2

808 1
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Appendix 4-16.  Streamflow duration sta-
tistics, 06636000 North Platte River above 
Pathfinder Reservoir, Wyoming (Site 33).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
22.0 99

87.4 98

187 95

248 90

290 85

325 80

358 75

391 70

425 65

466 60

508 55

568 50

637 45

750 40

895 35

1,137 30

1,610 25

2,227 20

3,130 15

4,832 10

7,110 5

9,817 2

12,620 1

Appendix 4-17.  Streamflow duration 
statistics, 06639000 Sweetwater River near 
Alcova, Wyoming (Site 36).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
2.23 99

3.44 98

10.5 95

18.6 90

23.3 85

27.5 80

31.5 75

34.6 70

37.7 65

41.1 60

45.4 55

49.6 50

54.7 45

63.1 40

72.3 35

85.0 30

108 25

156 20

233 15

342 10

557 5

836 2

1,060 1

Appendix 4-18.  Streamflow duration sta-
tistics, 06641000 North Platte River below 
Pathfinder Reservoir, Wyoming (Site 37).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
0.36 99

.42 98

.57 95

4.44 90

4.94 85

5.44 80

5.94 75

16.7 70

57.0 65

89.4 60

150 55

351 50

553 45

925 40

1,456 35

2,052 30

2,774 25

3,612 20

4,320 15

5,046 10

6,188 5

6,873 2

8,958 1
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Appendix 4-19.  Streamflow duration 
statistics, 06642000 North Platte River at 
Alcova, Wyoming (Site 39).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
3.15 99

3.30 98

3.76 95

5.46 90

6.39 85

41.9 80

301 75

511 70

583 65

670 60

789 55

864 50

930 45

996 40

1,248 35

1,525 30

1,832 25

2,163 20

2,673 15

3,474 10

4,481 5

5,529 2

6,009 1

Appendix 4-20.  Streamflow duration sta-
tistics, 06661000 Little Laramie River near 
Filmore, Wyoming (Site 43).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
9.69 99

11.6 98

14.0 95

16.3 90

18.0 85

19.4 80

20.8 75

22.6 70

24.5 65

26.4 60

29.0 55

32.1 50

35.8 45

40.4 40

46.2 35

55.4 30

73.9 25

103 20

162 15

275 10

518 5

816 2

1,067 1

Appendix 4-21.  Streamflow duration 
statistics, 09253000 Little Snake River near 
Slater, Colorado (Site 48).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
12.9 99

14.8 98

17.9 95

21.2 90

23.5 85

25.8 80

27.8 75

29.8 70

31.8 65

34.5 60

37.4 55

41.3 50

46.4 45

54.0 40

64.6 35

82.9 30

126 25

236 20

463 15

825 10

1,310 5

1,802 2

2,080 1
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Appendix 4-22.  Streamflow duration 
statistics, 09255000 Slater Fork near Slater, 
Colorado (Site 51).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
1.59 99

2.44 98

4.31 95

7.01 90

9.38 85

11.2 80

12.8 75

14.4 70

15.9 65

17.3 60

18.7 55

20.3 50

22.8 45

25.2 40

27.6 35

35.4 30

48.7 25

81.6 20

150 15

253 10

428 5

620 2

723 1

Appendix 4-23.  Streamflow duration 
statistics, 09255500 Savery Creek at upper 
station near Savery, Wyoming (Site 52).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
1.83 99

2.98 98

4.64 95

6.45 90

7.94 85

9.63 80

11.1 75

12.3 70

13.6 65

14.8 60

16.1 55

17.4 50

19.0 45

20.9 40

23.6 35

27.5 30

37.7 25

55.4 20

81.7 15

127 10

204 5

305 2

368 1

Appendix 4-24.  Streamflow duration sta-
tistics, 09256000 Savery Creek near Savery, 
Wyoming (Site 53).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
0.95 99

2.00 98

4.04 95

7.48 90

10.8 85

14.0 80

17.1 75

19.8 70

22.3 65

24.8 60

27.4 55

30.6 50

33.7 45

36.8 40

42.1 35

52.4 30

76.9 25

124 20

190 15

300 10

502 5

758 2

993 1
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Appendix 4-25.  Streamflow duration 
statistics, 09257000 Little Snake River near 
Dixon, Wyoming (Site 54).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
1.21 99

1.73 98

3.61 95

8.13 90

17.2 85

35.5 80

52.4 75

64.9 70

74.7 65

83.3 60

91.9 55

102 50

114 45

125 40

152 35

207 30

336 25

636 20

1,173 15

1,860 10

2,897 5

4,050 2

4,692 1

Appendix 4-26.  Streamflow duration sta-
tistics, 09258000 Willow Creek near Dixon, 
Wyoming (Site 55).

Daily mean streamflow

Cubic feet per 
second

Percentage of 
time equaled or 

exceeded
0.33 99

.65 98

1.10 95

1.42 90

1.65 85

1.88 80

2.10 75

2.31 70

2.52 65

2.74 60

3.02 55

3.29 50

3.57 45

4.39 40

5.41 35

6.68 30

9.08 25

14.3 20

21.9 15

32.3 10

47.7 5

67.9 2

79.0 1
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Appendix 5.  Graphs showing statistical summaries of major-ion concentra-
tions in analyses of water-quality samples, selected surface-water sites in and 
near Carbon County, Wyoming.

Appendix 5-1.  Statistics of dissolved calcium concentrations from selected stream sites, in or near Carbon County, 
Wyoming, water years 1966-86.

Appendix 5-2.  Statistics of dissolved magnesium concentrations from selected stream sites, in or near Carbon County, 
Wyoming, water years 1966-86.
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Appendix 5-3.  Statistics of dissolved potassium concentrations from selected stream sites, in or near Carbon County, 
Wyoming, water years 1966-86.

Appendix 5-4.  Statistics of dissolved sodium concentrations from selected stream sites, in or near Carbon County, 
Wyoming, water years 1966-86.
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Appendix 5-5.  Statistics of dissolved bicarbonate concentrations from selected stream sites, in or near Carbon County, 
Wyoming, water years 1966-86.

Appendix 5-6.  Statistics of dissolved chloride concentrations from selected stream sites, in or near Carbon County, 
Wyoming, water years 1966-86.
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Appendix 6.  Ground-water quality data, Carbon County, Wyoming.

Hydrogeologic units listed in Appendixes 6-1 through 6-6 (parentheses indicates equivalent names in figures 8-10):

111ALVM	 Holocene alluvium
121BRPK	 Browns Park aquifer (Formation)
122MOCN	 Undifferentiated Miocene rocks
124BSPG	 Battle Springs aquifer (Formation)
124CLMN	 Coalmont aquifer (Formation)
124HANN	 Hanna aquifer (Formation)
124TPTN	 Tipton Shale Member of the Green River  
	 Formation
124WSTC	 Wasatch aquifer (Formation)
125FRUN	 Fort Union aquifer (Formation)
211CODY	 Cody Shale

211LNCE	 Lance aquifer (Formation)
211LWIS	 Lewis Shale
211MVRD	 Mesaverde aquifer (Formation or Group)
211STEL	 Steele Shale
217CLVL	 Cloverly aquifer (Formation)
221SNDC	 Sundance aquifer (Formation)
231CGTR	 Chugwater Formation
237GSEG	 Goose Egg Formation
317TSLP	 Tensleep aquifer (Sandstone)
331MDSN	 Madison aquifer (Limestone)
400PCMB	 Precambrian hydrogeologic units

System for numbering wells in surveyed townships.
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Appendix 6-1.  Characteristics of sampled wells.

[USGS, U.S. Geological Survey; number below the characteristic is the data parameter code, which is a five-digit number used in the USGS computerized data 
system, National Water Information System (NWIS), to uniquely identify a characteristic, constituent, or property; H, domestic; S, stock; C, commercial; N, 
industrial (water used for well drilling and completion); U, unused; K, mining; P, public supply; --, not available]

USGS site-  
identification 

number
Local well 

number

Hydro- 
geologic  

unit

Primary 
use of 
water 
from 
well

Depth of 
well, feet 

below 
land 

surface 
datum 

(P72008)

Depth to 
water 

level, feet 
below 
land 

surface 
(P72019)

Altitude 
of land 

surface, 
feet 

(P72000)

Flow rate, 
instan-

taneous, 
gallons 

per 
minute 

(P00059)

Pump 
or flow 
period 
prior to 

sampling, 
minutes 
(P72004)

Sampling 
depth, 

feet 
(P00003)

Quaternary unconsolidated deposits

414613106564701 21-085-23ddd01 111ALVM H 23 -- 6,500 3.0 42 19.0

421233106311301 26-081-28ac 01 111ALVM H 36 7.28 7,205 4.5 35 32.0

413129106231401 18-080-21aba01 111ALVM H 44 -- 8,325 1.0 245 40.0

Upper Tertiary hydrogeologic units

413039106383301 18-082-20cdd01 121BRPK H 95 21.27 7,690 9.2 120 89.0

412026106440101 16-083-21bdd01 121BRPK H 98 33.87 6,980 8.0 40 88.0

413204107202801 18-088-17bcc01 121BRPK S 80 19.30 8,350 1.1 -- 75.0

412032106312701 16-081-20bad01 121BRPK C 120 -- 8,120 7.0 40 85.0

421341106541801 26-084-17aac01 122MOCN H 101 12.83 6,020 11.0 24 --

421042106453701 26-083-34cab01 122MOCN H 70 6.25 6,778 6.0 42 60.0

Lower Tertiary hydrogeologic units

415804107290101 23-089-17bcb01 124BSPG S 75 -- 6,555 3.0 27 --

410639106362201 13-082-10bcc01 124CLMN H 200 67.94 8,070 4.0 -- 140

413234106183401 18-079-07ddb01 124HANN H 60 19.86 8,975 4.0 13 55.0

412551107531401 17-093-21cbd01 124TPTN N 120 16.82 6,580 -- -- --

410941107403001 14-091-30aba01 124WSTC S 280 42.00 6,380 7.5 67 240

413854107520401 19-093-03cac01 124WSTC S 325 121.65 6,930 100 -- --

413221107520601 18-093-15bca01 124WSTC N 630 -- 6,765 4.5 -- --

412922107552801 18-093-31cac01 124WSTC N 1,100 -- 6,665 1.0 -- --

413853107342001 19-090-06dbd01 125FRUN S 120 19.51 6,870 4.0 86 35.0

Upper Cretaceous hydrogeologic units

420616107175501 25-088-25cda01 211CODY U 300 23.32 6,570 3.0 150 45.0

420531107224501 25-088-32cac01 211CODY U 100 13.50 6,495 2.5 142 18.0

420126107131001 24-087-28adc01 211CODY U 100 41.94 6,562 1.5 130 57.0

415301107264301 22-089-15bb 01 211LNCE S 300 -- 6,758 6.0 10 150

414133106584701 20-085-21bcb01 211LWIS S 40 17.93 6,620 3.0 45 35.0

415152107243901 22-089-23adc01 211LWIS U 300 28.00 6,790 1.2 352 120

414001107115301 20-087-28abc01 211MVRD S 300 -- 7,480 15.0 -- 290

414152107141201 20-087-19abc01 211MVRD S 93 -- 7,560 .50 30 85.0

413807107024801 19-086-11bdd01 211MVRD S 240 -- 7,050 8.0 -- 220

414320106540401 20-084-07bcc01 211MVRD S 300 -- 6,720 6.0 -- 280

414027107013001 20-086-25dcb01 211MVRD S 125 50.57 6,780 2.5 124 100

413831106091401 19-078-03ccc01 211MVRD H 155 3.50 7,305 -- 73 --

413438107005201 19-085-31bcc01 211STEL S 75 16.90 6,755 1.2 150 65.0
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USGS site-  
identification 

number
Local well 

number

Hydro- 
geologic  

unit

Primary 
use of 
water 
from 
well

Depth of 
well, feet 

below 
land 

surface 
datum 

(P72008)

Depth to 
water 

level, feet 
below 
land 

surface 
(P72019)

Altitude 
of land 

surface, 
feet 

(P72000)

Flow rate, 
instan-

taneous, 
gallons 

per 
minute 

(P00059)

Pump 
or flow 
period 
prior to 

sampling, 
minutes 
(P72004)

Sampling 
depth, 

feet 
(P00003)

Upper Cretaceous hydrogeologic units—Continued

413813106290901 19-081-10aca01 211STEL H 130 34.86 7,800 7.0 53 100

413236107094301 18-087-11cdd01 211STEL U 380 19.43 6,920 .40 415 250

Lower Cretaceous hydrogeologic units

420642106154701 25-079-26adb01 217CLVL S -- -- 7,382 3.0 -- --

Triassic and Jurassic hydrogeologic units

415620106113301 23-078-29adb01 221SNDC U 260 59.17 6,745 2.0 197 170

415753107210001 23-088-16cbb01 231CGTR H 100 21.47 6,860 9.0 37 --

421057106204601 26-079-31ada01 231CGTR S -- -- 7,055 22.0 -- --

Paleozoic hydrogeologic units

420244106205701 24-080-13ddc01 237GSEG U 200 163.80 6,935 1.0 -- 198

415742106125801 23-078-18dca01 237GSEG H 140 5.00 6,605 20.0 15 100

415912106105101 23-078-09baa01 317TSLP S 300 -- 6,922 1.0 100 --

420303106162701 24-079-15dba01 317TSLP S 200 -- 6,990 18.0 35 --

415338107185401 22-088-10adc01 331MDSN K 200 -- 7,320 6.0 30 180

Precambrian hydrogeologic units

411220106454901 14-083-06ddb01 400PCMB H 180 11.55 7,330 7.2 41 160

414718107160201 21-087-18cac01 400PCMB H 160 -- 6,940 9.0 70 120

421427106345501 26-081-07bad01 400PCMB P -- -- 7,790 4.3 -- --

Appendix 6-1.  Characteristics of sampled wells.—Continued.

Appendix 6    149



A
pp

en
di

x 
6-

2.
 

Ph
ys

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 g

ro
un

d-
w

at
er

 s
am

pl
es

 c
ol

le
ct

ed
 d

ur
in

g 
st

ud
y.

[U
SG

S,
 U

.S
. G

eo
lo

gi
ca

l S
ur

ve
y;

 n
um

be
r 

be
lo

w
 th

e 
co

m
po

un
d 

is
 th

e 
da

ta
 p

ar
am

et
er

 c
od

e,
 w

hi
ch

 is
 a

 f
iv

e-
di

gi
t n

um
be

r 
us

ed
 in

 th
e 

U
SG

S 
co

m
pu

te
ri

ze
d 

da
ta

 s
ys

te
m

, N
at

io
na

l W
at

er
 I

nf
or

m
at

io
n 

Sy
st

em
 

(N
W

IS
),

 to
 u

ni
qu

el
y 

id
en

tif
y 

a 
co

ns
tit

ue
nt

 o
r 

pr
op

er
ty

; y
yy

ym
m

dd
, y

ea
r, 

m
on

th
, d

ay
; °

C
, d

eg
re

es
 C

el
si

us
; m

g/
L

, m
ill

ig
ra

m
s 

pe
r 

lit
er

; -
-,

 n
ot

 a
na

ly
ze

d]

U
SG

S 
si

te
-  

id
en

tif
ic

at
io

n 
nu

m
be

r
 L

oc
al

 w
el

l 
nu

m
be

r

H
yd

ro
- 

ge
ol

og
ic

  
un

it

Sa
m

pl
e 

da
te

 
(y

yy
ym

m
dd

)

Sa
m

pl
e 

st
ar

t t
im

e 
(24

 
ho

ur
)

Te
m

pe
ra

tu
re

, 
w

at
er

, d
eg

re
es

 
Ce

ls
iu

s 
(P

00
01

0)

pH
, w

at
er

, 
un

fil
te

re
d,

 fi
el

d,
 

st
an

da
rd

 u
ni

ts
 

(P
00

40
0)

Tu
rb

id
ity

, w
at

er
, 

un
fil

te
re

d,
 

ne
ph

el
om

et
ri

c 
tu

rb
id

ity
 u

ni
ts

 
(P

00
076

)

D
is

so
lv

ed
 o

xy
ge

n,
 

w
at

er
, u

nf
ilt

er
ed

, 
m

g/
L 

(P
00

30
0)

Sp
ec

ifi
c 

co
n-

du
ct

an
ce

, w
at

er
, 

un
fil

te
re

d,
 

m
ic

ro
si

em
en

s 
pe

r 
ce

nt
im

et
er

 a
t 25

º
C 

(P
00

095
)

Qu
at

er
na

ry
 u

nc
on

so
lid

at
ed

 d
ep

os
its

41
46

13
10

65
64

70
1

21
-0

85
-2

3d
dd

01
11

1A
LV

M
20

02
08

02
09

:0
0

13
.5

7.
2

6.
8

0.
3

6,
10

0

42
12

33
10

63
11

30
1

26
-0

81
-2

8a
c 

01
11

1A
LV

M
20

03
06

27
16

:1
0

10
.0

7.
0

0.
40

2.
0

87
1

41
31

29
10

62
31

40
1

18
-0

80
-2

1a
ba

01
11

1A
LV

M
20

03
06

29
14

:5
0

10
.0

6.
5

30
8.

2
30

Up
pe

r T
er

tia
ry

 h
yd

ro
ge

ol
og

ic
 u

ni
ts

41
30

39
10

63
83

30
1

18
-0

82
-2

0c
dd

01
12

1B
R

PK
20

02
07

30
15

:3
0

9.
5

7.
4

7.
4

8.
6

33
2

41
20

26
10

64
40

10
1

16
-0

83
-2

1b
dd

01
12

1B
R

PK
20

02
07

31
16

:3
0

12
.0

7.
6

.3
0

6.
6

60
2

41
32

04
10

72
02

80
1

18
-0

88
-1

7b
cc

01
12

1B
R

PK
20

02
08

14
12

:2
0

8.
0

7.
7

.4
0

7.
9

21
0

41
20

32
10

63
12

70
1

16
-0

81
-2

0b
ad

01
12

1B
R

PK
20

02
09

23
12

:1
0

6.
0

6.
1

.8
0

8.
8

77

42
13

41
10

65
41

80
1

26
-0

84
-1

7a
ac

01
12

2M
O

C
N

20
03

05
04

15
:4

0
10

.0
7.

4
2.

1
3.

4
79

6

42
10

42
10

64
53

70
1

26
-0

83
-3

4c
ab

01
12

2M
O

C
N

20
03

06
02

11
:4

0
8.

0
7.

3
.3

0
4.

1
40

6

Lo
w

er
 T

er
tia

ry
 h

yd
ro

ge
ol

og
ic

 u
ni

ts

41
58

04
10

72
90

10
1

23
-0

89
-1

7b
cb

01
12

4B
SP

G
20

03
05

03
17

:0
0

8.
0

7.
7

2.
2

.8
3,

75
0

41
06

39
10

63
62

20
1

13
-0

82
-1

0b
cc

01
12

4C
L

M
N

20
02

09
24

13
:0

0
9.

0
6.

8
.3

6
6.

7
16

2

41
32

34
10

61
83

40
1

18
-0

79
-0

7d
db

01
12

4H
A

N
N

20
03

06
26

15
:0

0
5.

5
6.

7
.5

0
5.

6
81

41
25

51
10

75
31

40
1

17
-0

93
-2

1c
bd

01
12

4T
PT

N
20

02
09

25
15

:4
0

14
.5

8.
4

--
--

5,
52

0

41
09

41
10

74
03

00
1

14
-0

91
-3

0a
ba

01
12

4W
ST

C
20

02
08

13
17

:3
0

13
.5

8.
5

5.
5

.5
3,

33
0

41
38

54
10

75
20

40
1

19
-0

93
-0

3c
ac

01
12

4W
ST

C
20

02
09

27
18

:2
0

10
.5

7.
0

--
--

2,
48

0

41
32

21
10

75
20

60
1

18
-0

93
-1

5b
ca

01
12

4W
ST

C
20

02
09

25
18

:2
0

10
.5

8.
2

.3
0

1.
0

1,
18

0

41
29

22
10

75
52

80
1

18
-0

93
-3

1c
ac

01
12

4W
ST

C
20

02
10

08
13

:3
0

16
.0

9.
0

.1
0

--
1,

32
0

41
38

53
10

73
42

00
1

19
-0

90
-0

6d
bd

01
12

5F
R

U
N

20
02

10
25

11
:3

0
8.

5
6.

7
.2

0
.1

1,
45

0

Up
pe

r C
re

ta
ce

ou
s 

hy
dr

og
eo

lo
gi

c 
un

its

42
06

16
10

71
75

50
1

25
-0

88
-2

5c
da

01
21

1C
O

D
Y

20
03

05
06

17
:0

0
10

.0
7.

8
.1

0
.1

49
0

42
05

31
10

72
24

50
1

25
-0

88
-3

2c
ac

01
21

1C
O

D
Y

20
03

06
01

12
:0

0
9.

5
7.

3
.4

0
.0

3,
33

0

42
01

26
10

71
31

00
1

24
-0

87
-2

8a
dc

01
21

1C
O

D
Y

20
03

06
01

17
:0

0
10

.0
7.

7
1.

8
.0

1,
17

0

41
53

01
10

72
64

30
1

22
-0

89
-1

5b
b 

01
21

1L
N

C
E

20
03

06
03

16
:3

0
8.

5
7.

2
.0

3
.9

2,
21

0

150    Water Resources of Carbon County, Wyoming



U
SG

S 
si

te
-  

id
en

tif
ic

at
io

n 
nu

m
be

r
 L

oc
al

 w
el

l 
nu

m
be

r

H
yd

ro
- 

ge
ol

og
ic

  
un

it

Sa
m

pl
e 

da
te

 
(y

yy
ym

m
dd

)

Sa
m

pl
e 

st
ar

t t
im

e 
(24

 
ho

ur
)

Te
m

pe
ra

tu
re

, 
w

at
er

, d
eg

re
es

 
Ce

ls
iu

s 
(P

00
01

0)

pH
, w

at
er

, 
un

fil
te

re
d,

 fi
el

d,
 

st
an

da
rd

 u
ni

ts
 

(P
00

40
0)

Tu
rb

id
ity

, w
at

er
, 

un
fil

te
re

d,
 

ne
ph

el
om

et
ri

c 
tu

rb
id

ity
 u

ni
ts

 
(P

00
076

)

D
is

so
lv

ed
 o

xy
ge

n,
 

w
at

er
, u

nf
ilt

er
ed

, 
m

g/
L 

(P
00

30
0)

Sp
ec

ifi
c 

co
n-

du
ct

an
ce

, w
at

er
, 

un
fil

te
re

d,
 

m
ic

ro
si

em
en

s 
pe

r 
ce

nt
im

et
er

 a
t 25

º
C 

(P
00

095
)

Up
pe

r C
re

ta
ce

ou
s 

hy
dr

og
eo

lo
gi

c 
un

its
—

Co
nt

in
ue

d

41
41

33
10

65
84

70
1

20
-0

85
-2

1b
cb

01
21

1L
W

IS
20

02
08

08
09

:2
0

9.
8

7.
3

0.
30

1.
3

8,
17

0

41
51

52
10

72
43

90
1

22
-0

89
-2

3a
dc

01
21

1L
W

IS
20

03
05

28
16

:0
0

11
.0

9.
2

9.
6

--
6,

28
0

41
40

01
10

71
15

30
1

20
-0

87
-2

8a
bc

01
21

1M
V

R
D

20
02

08
07

11
:1

0
8.

5
7.

3
.2

0
1.

0
1,

04
0

41
41

52
10

71
41

20
1

20
-0

87
-1

9a
bc

01
21

1M
V

R
D

20
02

08
20

15
:5

0
14

.0
7.

2
.3

0
0.

2
2,

30
0

41
38

07
10

70
24

80
1

19
-0

86
-1

1b
dd

01
21

1M
V

R
D

20
02

08
21

16
:0

0
10

.0
7.

1
6.

8
.4

1,
43

0

41
43

20
10

65
40

40
1

20
-0

84
-0

7b
cc

01
21

1M
V

R
D

20
02

08
22

11
:3

0
12

.5
7.

0
3.

0
.5

1,
49

0

41
40

27
10

70
13

00
1

20
-0

86
-2

5d
cb

01
21

1M
V

R
D

20
02

08
23

15
:2

0
10

.5
6.

7
.5

0
.1

1,
79

0

41
38

31
10

60
91

40
1

19
-0

78
-0

3c
cc

01
21

1M
V

R
D

20
03

06
05

10
:5

0
9.

0
7.

3
.3

0
.2

42
0

41
34

38
10

70
05

20
1

19
-0

85
-3

1b
cc

01
21

1S
T

E
L

20
02

08
15

16
:0

0
13

.5
7.

2
.5

0
4.

2
6,

65
0

41
38

13
10

62
90

90
1

19
-0

81
-1

0a
ca

01
21

1S
T

E
L

20
02

08
17

12
:5

0
10

.0
7.

7
9.

3
4.

9
30

2

41
32

36
10

70
94

30
1

18
-0

87
-1

1c
dd

01
21

1S
T

E
L

20
02

09
26

15
:4

0
16

.0
7.

8
21

--
18

,0
00

Lo
w

er
 C

re
ta

ce
ou

s 
hy

dr
og

eo
lo

gi
c 

un
its

42
06

42
10

61
54

70
1

25
-0

79
-2

6a
db

01
21

7C
LV

L
20

03
06

27
12

:5
0

8.
0

7.
4

.6
0

7.
0

37
8

Tr
ia

ss
ic

 a
nd

 J
ur

as
si

c 
hy

dr
og

eo
lo

gi
c 

un
its

41
56

20
10

61
13

30
1

23
-0

78
-2

9a
db

01
22

1S
N

D
C

20
03

05
29

13
:0

0
12

.5
7.

7
1.

7
.1

19
,6

00

41
57

53
10

72
10

00
1

23
-0

88
-1

6c
bb

01
23

1C
G

T
R

20
03

04
29

14
:0

0
10

.0
7.

2
.1

0
2.

9
1,

64
0

42
10

57
10

62
04

60
1

26
-0

79
-3

1a
da

01
23

1C
G

T
R

20
03

06
27

18
:1

0
9.

0
7.

4
1.

4
5.

0
2,

52
0

Pa
le

oz
oi

c 
hy

dr
og

eo
lo

gi
c 

un
its

42
02

44
10

62
05

70
1

24
-0

80
-1

3d
dc

01
23

7G
SE

G
20

03
05

31
17

:0
0

15
.5

7.
2

38
3.

3
2,

67
0

41
57

42
10

61
25

80
1

23
-0

78
-1

8d
ca

01
23

7G
SE

G
20

03
06

02
15

:3
0

14
.0

7.
1

.1
0

.6
2,

87
0

41
59

12
10

61
05

10
1

23
-0

78
-0

9b
aa

01
31

7T
SL

P
20

03
05

05
12

:3
0

9.
0

7.
0

8.
2

.0
2,

36
0

42
03

03
10

61
62

70
1

24
-0

79
-1

5d
ba

01
31

7T
SL

P
20

03
05

31
14

:3
0

13
.0

7.
6

.3
0

5.
8

46
4

41
53

38
10

71
85

40
1

22
-0

88
-1

0a
dc

01
33

1M
D

SN
20

03
06

04
09

:0
0

8.
0

7.
8

1.
4

5.
5

40
6

Pr
ec

am
br

ia
n 

hy
dr

og
eo

lo
gi

c 
un

its

41
12

20
10

64
54

90
1

14
-0

83
-0

6d
db

01
40

0P
C

M
B

20
02

07
31

10
:0

0
11

.5
7.

8
.2

0
7.

2
31

1

41
47

18
10

71
60

20
1

21
-0

87
-1

8c
ac

01
40

0P
C

M
B

20
02

08
06

12
:4

0
13

.5
7.

8
.9

0
8.

6
35

5

42
14

27
10

63
45

50
1

26
-0

81
-0

7b
ad

01
40

0P
C

M
B

20
03

06
03

11
:0

0
4.

5
6.

7
3.

3
3.

9
11

5

A
pp

en
di

x 
6-

2.
 

Ph
ys

ic
al

 c
ha

ra
ct

er
is

tic
s 

of
 g

ro
un

d-
w

at
er

 s
am

pl
es

 c
ol

le
ct

ed
 d

ur
in

g 
st

ud
y.

—
Co

nt
in

ue
d

Appendix 6    151



Appendix 6-3.   Major ions in ground-water samples collected during study and related water-quality characteristics.

[USGS, U.S. Geological Survey; number below the compound is the data parameter code, which is a five-digit number used in the USGS computerized data 
system, National Water Information System (NWIS), to uniquely identify a constituent or property; yyyymmdd, year, month, day; ºC, degrees Celsius; mg/L, 
milligrams per liter; --, not analyzed; E, estimated concentration; <, less than]

USGS site- 
identification 

number
Local well 

number

Hydro- 
geologic 

unit

Sample 
date 

(yyyymmdd)

Sample 
start time  
(24 hour)

Calcium, 
water,  

filtered,  
mg/L 

(P00915)

Magnesium, 
water, 

filtered,  
mg/L 

(P00925)

Potassium, 
water,  

filtered,  
mg/L 

(P00935)

Sodium, 
water, 

filtered,  
mg/L 

(P00930)

Alkalinity,  
water,  

filtered, 
fixed end-

point  
(pH 4.5) 

titration, 
laboratory, 

mg/L as 
calcium 

carbonate 
(P29801)

Alkalinity,  
water, 

filtered, 
incremen-

tal titration, 
field,  

mg/L as 
calcium 

carbonate 
(P39086)

Bicarbon-
ate,  

water, 
filtered, 

incremen-
tal titration, 

field,  
mg/L 

(P00453)

Carbonate,  
water, 

filtered, 
incremen-

tal titration, 
field,  
mg/L 

(P00452)

Chloride, 
water, 

filtered,  
mg/L 

(P00940)

Fluoride, 
water, 

filtered,  
mg/L 

(P00950)

Silica, 
water,  

filtered, 
mg/L 

(P00955)

Sulfate, 
water,  

filtered, 
mg/L 

(P00945)

Residue on 
evapora-

tion,  
dried at  
180°C, 
water,  

filtered, 
mg/L 

(P70300)

Hardness, 
mg/L as 
calcium 

carbonate 
(CaCO3) 
(P00900)

Quaternary unconsolidated deposits Quaternary unconsolidated deposits

414613106564701 21-085-23ddd01 111ALVM 20020802 09:00 283 291 5.51 887 387 -- -- -- 184 0.44 17.9 3,190 5,560 1,911

421233106311301 26-081-28ac 01 111ALVM 20030627 16:10 98.6 25.3 38.7 25.4 235 -- -- -- 39.0 .2 14.7 147 558 351

413129106231401 18-080-21aba01 111ALVM 20030629 14:50 3.30 .816 .31 1.06 12 -- -- -- E.18 <.2 5.99 1.8 28 11.6

Upper Tertiary hydrogeologic units Upper Tertiary hydrogeologic units

413039106383301 18-082-20cdd01 121BRPK 20020730 15:30 41.9 9.25 2.03 12.1 150 -- -- -- 6.27 .27 17.6 16.2 198 143

412026106440101 16-083-21bdd01 121BRPK 20020731 16:30 64.6 8.19 7.90 47.1 202 -- -- -- 9.99 .71 61.5 104 443 196

413204107202801 18-088-17bcc01 121BRPK 20020814 12:20 35.4 2.94 .36 4.25 103 -- -- -- 1.32 E.09 21.8 4.6 133 101

412032106312701 16-081-20bad01 121BRPK 20020923 12:10 9.64 2.10 .47 2.15 E37 -- -- -- .43 <.10 9.49 1.8 45 32.8

421341106541801 26-084-17aac01 122MOCN 20030504 15:40 91.9 23.5 .53 69.1 328 324 394 -- 11.0 .43 23.3 142 536 327

421042106453701 26-083-34cab01 122MOCN 20030602 11:40 53.8 12.4 2.40 12.0 179 173 211 -- 3.93 .3 16.1 27.8 236 187

Lower Tertiary hydrogeologic units Lower Tertiary hydrogeologic units

415804107290101 23-089-17bcb01 124BSPG 20030503 17:00 88.2 56.6 2.87 813 331 283 342 2 237 2.42 9.52 1,420 2,820 455

410639106362201 13-082-10bcc01 124CLMN 20020924 13:00 18.7 4.60 .61 7.10 E74 -- -- -- 3.46 .31 46.8 3.6 136 65.9

413234106183401 18-079-07ddb01 124HANN 20030626 15:00 10.1 2.66 E.15 1.87 38 -- -- -- .93 <.2 21.5 1.9 63 36.2

412551107531401 17-093-21cbd01 124TPTN 20020925 15:40 40.3 27.4 2.26 1,260 E134 -- -- -- 118 .18 9.32 2,580 4,200 214

410941107403001 14-091-30aba01 124WSTC 20020813 17:30 3.58 1.58 1.61 753 608 -- -- -- 301 2.54 7.08 644 2,100 15.5

413854107520401 19-093-03cac01 124WSTC 20020927 18:20 363 142 5.36 45.7 E186 -- -- -- 4.03 .30 21.8 1,230 2,220 1,506

413221107520601 18-093-15bca01 124WSTC 20020925 18:20 40.8 29.9 3.05 174 E165 -- -- -- 3.53 .33 20.3 429 802 227

412922107552801 18-093-31cac01 124WSTC 20021008 13:30 2.55 .560 .88 291 E235 -- -- -- 15.4 1.06 10.8 367 843 8.75

413853107342001 19-090-06dbd01 125FRUN 20021025 11:30 216 87.7 3.17 14.7 E321 -- -- -- 3.45 .19 22.5 188 1,020 902

Upper Cretaceous hydrogeologic units Upper Cretaceous hydrogeologic units

420616107175501 25-088-25cda01 211CODY 20030506 17:00 59.0 18.9 2.85 22.9 -- 291 352 1 3.26 .28 14.2 25.6 291 226

420531107224501 25-088-32cac01 211CODY 20030601 12:00 56.1 81.9 9.06 663 583 585 711 -- 143 1.7 11.5 987 2,340 480

420126107131001 24-087-28adc01 211CODY 20030601 17:00 46.3 29.8 4.71 180 330 285 345 -- 32.8 1.7 9.72 247 744 239

415301107264301 22-089-15bb 01 211LNCE 20030603 16:30 367 66.9 7.44 77.9 145 167 204 -- 31.0 .5 14.4 1,160 2,000 1,193

414133106584701 20-085-21bcb01 211LWIS 20020808 09:20 416 948 17.6 697 510 -- -- -- 98.0 .94 11.6 5,590 9,180 4,952

415152107243901 22-089-23adc01 211LWIS 20030528 16:00 54.0 165 7.60 1,180 274 -- -- -- 147 .3 5.36 3,000 5,040 815

414001107115301 20-087-28abc01 211MVRD 20020807 11:10 110 66.1 2.50 27.5 323 -- -- -- 6.91 .28 13.4 262 724 549

414152107141201 20-087-19abc01 211MVRD 20020820 15:50 260 160 4.14 71.1 248 -- -- -- 7.40 .11 14.0 1,200 2,080 1,313

413807107024801 19-086-11bdd01 211MVRD 20020821 16:00 141 88.7 4.27 58.6 600 -- -- -- 6.27 .20 23.3 253 974 719
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Appendix 6-3.   Major ions in ground-water samples collected during study and related water-quality characteristics.—Continued

USGS site- 
identification 

number
Local well 

number

Hydro- 
geologic 

unit

Sample 
date 

(yyyymmdd)

Sample 
start time  
(24 hour)

Calcium, 
water,  

filtered,  
mg/L 

(P00915)

Magnesium, 
water, 

filtered,  
mg/L 

(P00925)

Potassium, 
water,  

filtered,  
mg/L 

(P00935)

Sodium, 
water, 

filtered,  
mg/L 

(P00930)

Alkalinity,  
water,  

filtered, 
fixed end-

point  
(pH 4.5) 

titration, 
laboratory, 

mg/L as 
calcium 

carbonate 
(P29801)

Alkalinity,  
water, 

filtered, 
incremen-

tal titration, 
field,  

mg/L as 
calcium 

carbonate 
(P39086)

Bicarbon-
ate,  

water, 
filtered, 

incremen-
tal titration, 

field,  
mg/L 

(P00453)

Carbonate,  
water, 

filtered, 
incremen-

tal titration, 
field,  
mg/L 

(P00452)

Chloride, 
water, 

filtered,  
mg/L 

(P00940)

Fluoride, 
water, 

filtered,  
mg/L 

(P00950)

Silica, 
water,  

filtered, 
mg/L 

(P00955)

Sulfate, 
water,  

filtered, 
mg/L 

(P00945)

Residue on 
evapora-

tion,  
dried at  
180°C, 
water,  

filtered, 
mg/L 

(P70300)

Hardness, 
mg/L as 
calcium 

carbonate 
(CaCO3) 
(P00900)

Quaternary unconsolidated deposits Quaternary unconsolidated deposits

414613106564701 21-085-23ddd01 111ALVM 20020802 09:00 283 291 5.51 887 387 -- -- -- 184 0.44 17.9 3,190 5,560 1,911

421233106311301 26-081-28ac 01 111ALVM 20030627 16:10 98.6 25.3 38.7 25.4 235 -- -- -- 39.0 .2 14.7 147 558 351

413129106231401 18-080-21aba01 111ALVM 20030629 14:50 3.30 .816 .31 1.06 12 -- -- -- E.18 <.2 5.99 1.8 28 11.6

Upper Tertiary hydrogeologic units Upper Tertiary hydrogeologic units

413039106383301 18-082-20cdd01 121BRPK 20020730 15:30 41.9 9.25 2.03 12.1 150 -- -- -- 6.27 .27 17.6 16.2 198 143

412026106440101 16-083-21bdd01 121BRPK 20020731 16:30 64.6 8.19 7.90 47.1 202 -- -- -- 9.99 .71 61.5 104 443 196

413204107202801 18-088-17bcc01 121BRPK 20020814 12:20 35.4 2.94 .36 4.25 103 -- -- -- 1.32 E.09 21.8 4.6 133 101

412032106312701 16-081-20bad01 121BRPK 20020923 12:10 9.64 2.10 .47 2.15 E37 -- -- -- .43 <.10 9.49 1.8 45 32.8

421341106541801 26-084-17aac01 122MOCN 20030504 15:40 91.9 23.5 .53 69.1 328 324 394 -- 11.0 .43 23.3 142 536 327

421042106453701 26-083-34cab01 122MOCN 20030602 11:40 53.8 12.4 2.40 12.0 179 173 211 -- 3.93 .3 16.1 27.8 236 187

Lower Tertiary hydrogeologic units Lower Tertiary hydrogeologic units

415804107290101 23-089-17bcb01 124BSPG 20030503 17:00 88.2 56.6 2.87 813 331 283 342 2 237 2.42 9.52 1,420 2,820 455

410639106362201 13-082-10bcc01 124CLMN 20020924 13:00 18.7 4.60 .61 7.10 E74 -- -- -- 3.46 .31 46.8 3.6 136 65.9

413234106183401 18-079-07ddb01 124HANN 20030626 15:00 10.1 2.66 E.15 1.87 38 -- -- -- .93 <.2 21.5 1.9 63 36.2

412551107531401 17-093-21cbd01 124TPTN 20020925 15:40 40.3 27.4 2.26 1,260 E134 -- -- -- 118 .18 9.32 2,580 4,200 214

410941107403001 14-091-30aba01 124WSTC 20020813 17:30 3.58 1.58 1.61 753 608 -- -- -- 301 2.54 7.08 644 2,100 15.5

413854107520401 19-093-03cac01 124WSTC 20020927 18:20 363 142 5.36 45.7 E186 -- -- -- 4.03 .30 21.8 1,230 2,220 1,506

413221107520601 18-093-15bca01 124WSTC 20020925 18:20 40.8 29.9 3.05 174 E165 -- -- -- 3.53 .33 20.3 429 802 227

412922107552801 18-093-31cac01 124WSTC 20021008 13:30 2.55 .560 .88 291 E235 -- -- -- 15.4 1.06 10.8 367 843 8.75

413853107342001 19-090-06dbd01 125FRUN 20021025 11:30 216 87.7 3.17 14.7 E321 -- -- -- 3.45 .19 22.5 188 1,020 902

Upper Cretaceous hydrogeologic units Upper Cretaceous hydrogeologic units

420616107175501 25-088-25cda01 211CODY 20030506 17:00 59.0 18.9 2.85 22.9 -- 291 352 1 3.26 .28 14.2 25.6 291 226

420531107224501 25-088-32cac01 211CODY 20030601 12:00 56.1 81.9 9.06 663 583 585 711 -- 143 1.7 11.5 987 2,340 480

420126107131001 24-087-28adc01 211CODY 20030601 17:00 46.3 29.8 4.71 180 330 285 345 -- 32.8 1.7 9.72 247 744 239

415301107264301 22-089-15bb 01 211LNCE 20030603 16:30 367 66.9 7.44 77.9 145 167 204 -- 31.0 .5 14.4 1,160 2,000 1,193

414133106584701 20-085-21bcb01 211LWIS 20020808 09:20 416 948 17.6 697 510 -- -- -- 98.0 .94 11.6 5,590 9,180 4,952

415152107243901 22-089-23adc01 211LWIS 20030528 16:00 54.0 165 7.60 1,180 274 -- -- -- 147 .3 5.36 3,000 5,040 815

414001107115301 20-087-28abc01 211MVRD 20020807 11:10 110 66.1 2.50 27.5 323 -- -- -- 6.91 .28 13.4 262 724 549

414152107141201 20-087-19abc01 211MVRD 20020820 15:50 260 160 4.14 71.1 248 -- -- -- 7.40 .11 14.0 1,200 2,080 1,313

413807107024801 19-086-11bdd01 211MVRD 20020821 16:00 141 88.7 4.27 58.6 600 -- -- -- 6.27 .20 23.3 253 974 719
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USGS site- 
identification 

number
Local well 

number

Hydro- 
geologic 

unit

Sample 
date 

(yyyymmdd)

Sample 
start time  
(24 hour)

Calcium, 
water,  

filtered,  
mg/L 

(P00915)

Magnesium, 
water, 

filtered,  
mg/L 

(P00925)

Potassium, 
water,  

filtered,  
mg/L 

(P00935)

Sodium, 
water, 

filtered,  
mg/L 

(P00930)

Alkalinity,  
water,  

filtered, 
fixed end-

point  
(pH 4.5) 

titration, 
laboratory, 

mg/L as 
calcium 

carbonate 
(P29801)

Alkalinity,  
water, 

filtered, 
incremen-

tal titration, 
field,  

mg/L as 
calcium 

carbonate 
(P39086)

Bicarbon-
ate,  

water, 
filtered, 

incremen-
tal titration, 

field,  
mg/L 

(P00453)

Carbonate,  
water, 

filtered, 
incremen-

tal titration, 
field,  
mg/L 

(P00452)

Chloride, 
water, 

filtered,  
mg/L 

(P00940)

Fluoride, 
water, 

filtered,  
mg/L 

(P00950)

Silica, 
water,  

filtered, 
mg/L 

(P00955)

Sulfate, 
water,  

filtered, 
mg/L 

(P00945)

Residue on 
evapora-

tion,  
dried at  
180°C, 
water,  

filtered, 
mg/L 

(P70300)

Hardness, 
mg/L as 
calcium 

carbonate 
(CaCO3) 
(P00900)

Upper Cretaceous hydrogeologic units—Continued Upper Cretaceous hydrogeologic units—Continued

414320106540401 20-084-07bcc01 211MVRD 20020822 11:30 154 55.8 3.89 104 465 -- -- -- 10.2 0.46 21.1 374 1,040 618

414027107013001 20-086-25dcb01 211MVRD 20020823 15:20 210 102 6.79 58.8 336 -- -- -- 15.3 .57 14.8 703 1,440 947

413831106091401 19-078-03ccc01 211MVRD 20030605 10:50 47.2 14.3 2.40 19.0 184 212 258 -- 12.4 .5 13.6 14.2 248 177

413438107005201 19-085-31bcc01 211STEL 20020815 16:00 295 348 10.8 1,040 349 -- -- -- 29.5 .30 7.88 3,920 6,440 2,176

413813106290901 19-081-10aca01 211STEL 20020817 12:50 35.6 12.0 1.01 8.84 150 -- -- -- .98 .12 13.1 12.9 175 139

413236107094301 18-087-11cdd01 211STEL 20020926 15:40 366 873 13.2 3,500 E899 -- -- -- 659 .51 11.4 10,600 17,900 4,523

Lower Cretaceous hydrogeologic units Lower Cretaceous hydrogeologic units

420642106154701 25-079-26adb01 217CLVL 20030627 12:50 47.6 11.8 2.03 9.73 101 -- -- -- 3.65 .2 12.3 82.8 241 168

Triassic and Jurassic hydrogeologic units Triassic and Jurassic hydrogeologic units

415620106113301 23-078-29adb01 221SNDC 20030529 13:00 274 161 11.8 4,780 142 -- -- -- 3,550 .7 7.50 5,910 14,800 1,358

415753107210001 23-088-16cbb01 231CGTR 20030429 14:00 277 78.8 2.21 28.7 184 165 201 -- 9.24 .27 15.1 776 1,420 1,020

421057106204601 26-079-31ada01 231CGTR 20030627 18:10 611 86.9 3.97 18.5 121 -- -- -- 5.63 .2 8.09 1,520 2,440 1,894

Paleozoic hydrogeologic units Paleozoic hydrogeologic units

420244106205701 24-080-13ddc01 237GSEG 20030531 17:00 550 119 4.55 13.7 123 129 157 -- 10.3 .4 11.2 1,650 2,690 1,869

415742106125801 23-078-18dca01 237GSEG 20030602 15:30 402 105 8.44 154 184 180 218 -- 189 .5 13.2 1,280 2,430 1,442

415912106105101 23-078-09baa01 317TSLP 20030505 12:30 371 145 7.00 27.3 592 526 641 -- 7.99 .28 8.28 1,100 2,210 1,525

420303106162701 24-079-15dba01 317TSLP 20030531 14:30 70.9 18.9 1.64 3.08 151 172 209 -- 2.67 <.2 8.40 85.1 303 255

415338107185401 22-088-10adc01 331MDSN 20030604 09:00 55.7 16.2 .61 3.59 186 213 258 -- 8.14 <.2 9.11 15.2 233 206

Precambrian hydrogeologic units Precambrian hydrogeologic units

411220106454901 14-083-06ddb01 400PCMB 20020731 10:00 37.1 5.92 1.60 18.7 139 -- -- -- 5.69 1.75 20.0 10.6 186 117

414718107160201 21-087-18cac01 400PCMB 20020806 12:40 44.6 10.5 1.88 14.3 151 -- -- -- 7.79 .50 17.3 19.0 208 155

421427106345501 26-081-07bad01 400PCMB 20030603 11:00 13.8 3.38 .79 4.26 53 58 71 -- .68 <.2 14.7 4.8 79 48.6

Appendix 6-3.   Major ions in ground-water samples collected during study and related water-quality characteristics.—Continued
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Appendix 6-3.   Major ions in ground-water samples collected during study and related water-quality characteristics.—Continued

USGS site- 
identification 

number
Local well 

number

Hydro- 
geologic 

unit

Sample 
date 

(yyyymmdd)

Sample 
start time  
(24 hour)

Calcium, 
water,  

filtered,  
mg/L 

(P00915)

Magnesium, 
water, 

filtered,  
mg/L 

(P00925)

Potassium, 
water,  

filtered,  
mg/L 

(P00935)

Sodium, 
water, 

filtered,  
mg/L 

(P00930)

Alkalinity,  
water,  

filtered, 
fixed end-

point  
(pH 4.5) 

titration, 
laboratory, 

mg/L as 
calcium 

carbonate 
(P29801)

Alkalinity,  
water, 

filtered, 
incremen-

tal titration, 
field,  

mg/L as 
calcium 

carbonate 
(P39086)

Bicarbon-
ate,  

water, 
filtered, 

incremen-
tal titration, 

field,  
mg/L 

(P00453)

Carbonate,  
water, 

filtered, 
incremen-

tal titration, 
field,  
mg/L 

(P00452)

Chloride, 
water, 

filtered,  
mg/L 

(P00940)

Fluoride, 
water, 

filtered,  
mg/L 

(P00950)

Silica, 
water,  

filtered, 
mg/L 

(P00955)

Sulfate, 
water,  

filtered, 
mg/L 

(P00945)

Residue on 
evapora-

tion,  
dried at  
180°C, 
water,  

filtered, 
mg/L 

(P70300)

Hardness, 
mg/L as 
calcium 

carbonate 
(CaCO3) 
(P00900)

Upper Cretaceous hydrogeologic units—Continued Upper Cretaceous hydrogeologic units—Continued

414320106540401 20-084-07bcc01 211MVRD 20020822 11:30 154 55.8 3.89 104 465 -- -- -- 10.2 0.46 21.1 374 1,040 618

414027107013001 20-086-25dcb01 211MVRD 20020823 15:20 210 102 6.79 58.8 336 -- -- -- 15.3 .57 14.8 703 1,440 947

413831106091401 19-078-03ccc01 211MVRD 20030605 10:50 47.2 14.3 2.40 19.0 184 212 258 -- 12.4 .5 13.6 14.2 248 177

413438107005201 19-085-31bcc01 211STEL 20020815 16:00 295 348 10.8 1,040 349 -- -- -- 29.5 .30 7.88 3,920 6,440 2,176

413813106290901 19-081-10aca01 211STEL 20020817 12:50 35.6 12.0 1.01 8.84 150 -- -- -- .98 .12 13.1 12.9 175 139

413236107094301 18-087-11cdd01 211STEL 20020926 15:40 366 873 13.2 3,500 E899 -- -- -- 659 .51 11.4 10,600 17,900 4,523

Lower Cretaceous hydrogeologic units Lower Cretaceous hydrogeologic units

420642106154701 25-079-26adb01 217CLVL 20030627 12:50 47.6 11.8 2.03 9.73 101 -- -- -- 3.65 .2 12.3 82.8 241 168

Triassic and Jurassic hydrogeologic units Triassic and Jurassic hydrogeologic units

415620106113301 23-078-29adb01 221SNDC 20030529 13:00 274 161 11.8 4,780 142 -- -- -- 3,550 .7 7.50 5,910 14,800 1,358

415753107210001 23-088-16cbb01 231CGTR 20030429 14:00 277 78.8 2.21 28.7 184 165 201 -- 9.24 .27 15.1 776 1,420 1,020

421057106204601 26-079-31ada01 231CGTR 20030627 18:10 611 86.9 3.97 18.5 121 -- -- -- 5.63 .2 8.09 1,520 2,440 1,894

Paleozoic hydrogeologic units Paleozoic hydrogeologic units

420244106205701 24-080-13ddc01 237GSEG 20030531 17:00 550 119 4.55 13.7 123 129 157 -- 10.3 .4 11.2 1,650 2,690 1,869

415742106125801 23-078-18dca01 237GSEG 20030602 15:30 402 105 8.44 154 184 180 218 -- 189 .5 13.2 1,280 2,430 1,442

415912106105101 23-078-09baa01 317TSLP 20030505 12:30 371 145 7.00 27.3 592 526 641 -- 7.99 .28 8.28 1,100 2,210 1,525

420303106162701 24-079-15dba01 317TSLP 20030531 14:30 70.9 18.9 1.64 3.08 151 172 209 -- 2.67 <.2 8.40 85.1 303 255

415338107185401 22-088-10adc01 331MDSN 20030604 09:00 55.7 16.2 .61 3.59 186 213 258 -- 8.14 <.2 9.11 15.2 233 206

Precambrian hydrogeologic units Precambrian hydrogeologic units

411220106454901 14-083-06ddb01 400PCMB 20020731 10:00 37.1 5.92 1.60 18.7 139 -- -- -- 5.69 1.75 20.0 10.6 186 117

414718107160201 21-087-18cac01 400PCMB 20020806 12:40 44.6 10.5 1.88 14.3 151 -- -- -- 7.79 .50 17.3 19.0 208 155

421427106345501 26-081-07bad01 400PCMB 20030603 11:00 13.8 3.38 .79 4.26 53 58 71 -- .68 <.2 14.7 4.8 79 48.6
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Appendix 6-4.  Trace elements in ground-water samples collected during study.

[USGS, U.S. Geological Survey; number below the compound is the data parameter code, which is a five-digit number used in the USGS computerized data 
system, National Water Information System (NWIS), to uniquely identify a constituent or property; yyyymmdd, year, month, day; µg/L, micrograms per liter; 
mg/L, milligrams per liter; --, not analyzed; E, estimated concentration; <, less than; M, constituent detected but not quantified]

USGS site- 
identification 

number Local well number

Hydro- 
geologic 

unit
Sample date  
(yyyymmdd)

Sample 
start 
time  

(24 hour)

Aluminum, 
water, filtered, 
µg/L (P01106)

Antimony, 
water, filtered, 
µg/L (P01095)

Arsenic, water, 
filtered, µg/L 

(P01000)

Barium, 
water, 

filtered, µg/L 
(P01005)

Beryl-
lium, water, 
filtered, µg/L 

(P01010)

Boron, water, 
filtered, µg/L 

(P01020)

Bromide, 
water, 

filtered, mg/L 
(P71870)

Cadmium, 
water, 

filtered, µg/L 
(P01025)

Chromium, 
water, 

filtered, µg/L 
(P01030)

Cobalt, 
water, 

filtered, µg/L 
(P01035)

Copper, 
water, 

filtered, µg/L 
(P01040)

Iron, water, 
filtered, µg/L 

(P01046)

Quaternary unconsolidated deposits Quaternary unconsolidated deposits

414613106564701 21-085-23ddd01 111ALVM 20020802 09:00 <3 E0.12 1.4 23 <0.20 87 0.77 E0.06 1.5 1.30 22.4 9,720

421233106311301 26-081-28ac 01 111ALVM 20030627 16:10 <2 <.30 .5 196 <.06 69 .19 .04 <.8 .267 57.7 <8

413129106231401 18-080-21aba01 111ALVM 20030629 14:50 10 <.30 <.3 5 <.06 8 -- <.04 <.8 .036 1.9 32

Upper Tertiary hydrogeologic units Upper Tertiary hydrogeologic units

413039106383301 18-082-20cdd01 121BRPK 20020730 15:30 <1 E.03 1.0 112 <.06 13 .06 <.04 1.6 .112 1.1 <10

412026106440101 16-083-21bdd01 121BRPK 20020731 16:30 <1 .18 21.1 37 <.06 76 .11 <.04 E.7 .149 2.9 <10

413204107202801 18-088-17bcc01 121BRPK 20020814 12:20 <1 .07 .5 13 <.06 7 <.03 <.04 <.8 .063 .8 <10

412032106312701 16-081-20bad01 121BRPK 20020923 12:10 2 <.05 E.1 22 <.06 <7 <.03 .04 E.8 .040 1.7 <10

421341106541801 26-084-17aac01 122MOCN 20030504 15:40 2 .11 1.0 43 <.06 102 .13 E.03 <.8 .254 2.0 <10

421042106453701 26-083-34cab01 122MOCN 20030602 11:40 <2 <.30 E.2 75 <.06 31 .03 <.04 <.8 .168 1.5 E8

Lower Tertiary hydrogeologic units Lower Tertiary hydrogeologic units

415804107290101 23-089-17bcb01 124BSPG 20030503 17:00 E2 <.60 .8 8 <.12 117 .46 <.07 <.8 .300 6.3 272

410639106362201 13-082-10bcc01 124CLMN 20020924 13:00 <1 <.05 .7 94 <.06 9 .04 <.04 <.8 .047 3.5 <10

413234106183401 18-079-07ddb01 124HANN 20030626 15:00 <2 <.30 .3 5 <.06 E5 <.02 <.04 1.0 .030 4.6 29

412551107531401 17-093-21cbd01 124TPTN 20020925 15:40 <3 <.10 1.6 6 <.20 49 .24 <.10 <.8 .200 15.0 E19

410941107403001 14-091-30aba01 124WSTC 20020813 17:30 <2 E.08 <.4 8 <.10 184 .18 E.07 <.8 E.020 2.5 <30

413854107520401 19-093-03cac01 124WSTC 20020927 18:20 <1 .06 E.1 8 E.04 47 .04 <.04 <.8 .669 6.1 2,520

413221107520601 18-093-15bca01 124WSTC 20020925 18:20 <1 <.05 E.1 7 <.06 29 .05 <.04 <.8 .107 3.1 1,030

412922107552801 18-093-31cac01 124WSTC 20021008 13:30 4 <.30 E.2 14 <.06 63 .12 <.04 <.8 E.010 1.3 35

413853107342001 19-090-06dbd01 125FRUN 20021025 11:30 <2 <.30 E.2 18 E.03 78 .04 <.04 <.8 .540 1.2 2,470

Upper Cretaceous hydrogeologic units Upper Cretaceous hydrogeologic units

420616107175501 25-088-25cda01 211CODY 20030506 17:00 E1 <.30 3.9 102 <.06 56 .05 <.04 <.8 .294 .4 47

420531107224501 25-088-32cac01 211CODY 20030601 12:00 <3 E.33 6.8 46 <.12 426 1.02 E.06 <.8 .300 3.7 141

420126107131001 24-087-28adc01 211CODY 20030601 17:00 <2 <.30 10.0 23 <.06 228 .26 .07 <.8 .566 1.0 299

415301107264301 22-089-15bb 01 211LNCE 20030603 16:30 <2 <.30 .3 5 <.06 30 .22 .08 <.8 2.69 5.4 9,340

414133106584701 20-085-21bcb01 211LWIS 20020808 09:20 <3 .16 1.5 5 <.20 591 .48 <.10 <.8 .790 19.1 <50

415152107243901 22-089-23adc01 211LWIS 20030528 16:00 <5 <.90 1.2 6 <.18 611 .56 <.11 <.8 .190 11.7 29

414001107115301 20-087-28abc01 211MVRD 20020807 11:10 <1 E.04 E.1 23 <.06 99 .06 <.04 <.8 .195 1.5 32

414152107141201 20-087-19abc01 211MVRD 20020820 15:50 <1 <.05 E.2 5 <.06 167 .04 E.02 <.8 .494 2.8 1,510

413807107024801 19-086-11bdd01 211MVRD 20020821 16:00 <1 <.05 <.2 13 E.06 60 .06 <.04 <.8 .305 1.0 1,510

414320106540401 20-084-07bcc01 211MVRD 20020822 11:30 <1 .05 .8 21 <.06 189 .07 .42 <.8 1.11 1.3 4,760

414027107013001 20-086-25dcb01 211MVRD 20020823 15:20 <1 <.05 .4 8 E.04 90 .07 <.04 <.8 .672 1.9 5,140

413831106091401 19-078-03ccc01 211MVRD 20030605 10:50 M <.30 .4 110 <.06 35 .04 <.04 <.8 .217 4.4 19

413438107005201 19-085-31bcc01 211STEL 20020815 16:00 <3 E.08 .9 4 <.20 459 .22 <.10 <.8 .540 13.7 509

413813106290901 19-081-10aca01 211STEL 20020817 12:50 <1 E.04 .4 121 <.06 19 <.03 <.04 <.8 .068 11.5 <10

413236107094301 18-087-11cdd01 211STEL 20020926 15:40 11 37.8 22.6 70 <.40 1,040 3.55 1.16 <1.6 55.5 165 E51
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Appendix 6-4.  Trace elements in ground-water samples collected during study.—Continued

USGS site- 
identification 

number Local well number

Hydro- 
geologic 

unit
Sample date  
(yyyymmdd)

Sample 
start 
time  

(24 hour)

Aluminum, 
water, filtered, 
µg/L (P01106)

Antimony, 
water, filtered, 
µg/L (P01095)

Arsenic, water, 
filtered, µg/L 

(P01000)

Barium, 
water, 

filtered, µg/L 
(P01005)

Beryl-
lium, water, 
filtered, µg/L 

(P01010)

Boron, water, 
filtered, µg/L 

(P01020)

Bromide, 
water, 

filtered, mg/L 
(P71870)

Cadmium, 
water, 

filtered, µg/L 
(P01025)

Chromium, 
water, 

filtered, µg/L 
(P01030)

Cobalt, 
water, 

filtered, µg/L 
(P01035)

Copper, 
water, 

filtered, µg/L 
(P01040)

Iron, water, 
filtered, µg/L 

(P01046)

Quaternary unconsolidated deposits Quaternary unconsolidated deposits

414613106564701 21-085-23ddd01 111ALVM 20020802 09:00 <3 E0.12 1.4 23 <0.20 87 0.77 E0.06 1.5 1.30 22.4 9,720

421233106311301 26-081-28ac 01 111ALVM 20030627 16:10 <2 <.30 .5 196 <.06 69 .19 .04 <.8 .267 57.7 <8

413129106231401 18-080-21aba01 111ALVM 20030629 14:50 10 <.30 <.3 5 <.06 8 -- <.04 <.8 .036 1.9 32

Upper Tertiary hydrogeologic units Upper Tertiary hydrogeologic units

413039106383301 18-082-20cdd01 121BRPK 20020730 15:30 <1 E.03 1.0 112 <.06 13 .06 <.04 1.6 .112 1.1 <10

412026106440101 16-083-21bdd01 121BRPK 20020731 16:30 <1 .18 21.1 37 <.06 76 .11 <.04 E.7 .149 2.9 <10

413204107202801 18-088-17bcc01 121BRPK 20020814 12:20 <1 .07 .5 13 <.06 7 <.03 <.04 <.8 .063 .8 <10

412032106312701 16-081-20bad01 121BRPK 20020923 12:10 2 <.05 E.1 22 <.06 <7 <.03 .04 E.8 .040 1.7 <10

421341106541801 26-084-17aac01 122MOCN 20030504 15:40 2 .11 1.0 43 <.06 102 .13 E.03 <.8 .254 2.0 <10

421042106453701 26-083-34cab01 122MOCN 20030602 11:40 <2 <.30 E.2 75 <.06 31 .03 <.04 <.8 .168 1.5 E8

Lower Tertiary hydrogeologic units Lower Tertiary hydrogeologic units

415804107290101 23-089-17bcb01 124BSPG 20030503 17:00 E2 <.60 .8 8 <.12 117 .46 <.07 <.8 .300 6.3 272

410639106362201 13-082-10bcc01 124CLMN 20020924 13:00 <1 <.05 .7 94 <.06 9 .04 <.04 <.8 .047 3.5 <10

413234106183401 18-079-07ddb01 124HANN 20030626 15:00 <2 <.30 .3 5 <.06 E5 <.02 <.04 1.0 .030 4.6 29

412551107531401 17-093-21cbd01 124TPTN 20020925 15:40 <3 <.10 1.6 6 <.20 49 .24 <.10 <.8 .200 15.0 E19

410941107403001 14-091-30aba01 124WSTC 20020813 17:30 <2 E.08 <.4 8 <.10 184 .18 E.07 <.8 E.020 2.5 <30

413854107520401 19-093-03cac01 124WSTC 20020927 18:20 <1 .06 E.1 8 E.04 47 .04 <.04 <.8 .669 6.1 2,520

413221107520601 18-093-15bca01 124WSTC 20020925 18:20 <1 <.05 E.1 7 <.06 29 .05 <.04 <.8 .107 3.1 1,030

412922107552801 18-093-31cac01 124WSTC 20021008 13:30 4 <.30 E.2 14 <.06 63 .12 <.04 <.8 E.010 1.3 35

413853107342001 19-090-06dbd01 125FRUN 20021025 11:30 <2 <.30 E.2 18 E.03 78 .04 <.04 <.8 .540 1.2 2,470

Upper Cretaceous hydrogeologic units Upper Cretaceous hydrogeologic units

420616107175501 25-088-25cda01 211CODY 20030506 17:00 E1 <.30 3.9 102 <.06 56 .05 <.04 <.8 .294 .4 47

420531107224501 25-088-32cac01 211CODY 20030601 12:00 <3 E.33 6.8 46 <.12 426 1.02 E.06 <.8 .300 3.7 141

420126107131001 24-087-28adc01 211CODY 20030601 17:00 <2 <.30 10.0 23 <.06 228 .26 .07 <.8 .566 1.0 299

415301107264301 22-089-15bb 01 211LNCE 20030603 16:30 <2 <.30 .3 5 <.06 30 .22 .08 <.8 2.69 5.4 9,340

414133106584701 20-085-21bcb01 211LWIS 20020808 09:20 <3 .16 1.5 5 <.20 591 .48 <.10 <.8 .790 19.1 <50

415152107243901 22-089-23adc01 211LWIS 20030528 16:00 <5 <.90 1.2 6 <.18 611 .56 <.11 <.8 .190 11.7 29

414001107115301 20-087-28abc01 211MVRD 20020807 11:10 <1 E.04 E.1 23 <.06 99 .06 <.04 <.8 .195 1.5 32

414152107141201 20-087-19abc01 211MVRD 20020820 15:50 <1 <.05 E.2 5 <.06 167 .04 E.02 <.8 .494 2.8 1,510

413807107024801 19-086-11bdd01 211MVRD 20020821 16:00 <1 <.05 <.2 13 E.06 60 .06 <.04 <.8 .305 1.0 1,510

414320106540401 20-084-07bcc01 211MVRD 20020822 11:30 <1 .05 .8 21 <.06 189 .07 .42 <.8 1.11 1.3 4,760

414027107013001 20-086-25dcb01 211MVRD 20020823 15:20 <1 <.05 .4 8 E.04 90 .07 <.04 <.8 .672 1.9 5,140

413831106091401 19-078-03ccc01 211MVRD 20030605 10:50 M <.30 .4 110 <.06 35 .04 <.04 <.8 .217 4.4 19

413438107005201 19-085-31bcc01 211STEL 20020815 16:00 <3 E.08 .9 4 <.20 459 .22 <.10 <.8 .540 13.7 509

413813106290901 19-081-10aca01 211STEL 20020817 12:50 <1 E.04 .4 121 <.06 19 <.03 <.04 <.8 .068 11.5 <10

413236107094301 18-087-11cdd01 211STEL 20020926 15:40 11 37.8 22.6 70 <.40 1,040 3.55 1.16 <1.6 55.5 165 E51
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USGS site- 
identification 

number Local well number

Hydro- 
geologic 

unit
Sample date  
(yyyymmdd)

Sample 
start 
time  

(24 hour)

Aluminum, 
water, filtered, 
µg/L (P01106)

Antimony, 
water, filtered, 
µg/L (P01095)

Arsenic, water, 
filtered, µg/L 

(P01000)

Barium, 
water, 

filtered, µg/L 
(P01005)

Beryl-
lium, water, 
filtered, µg/L 

(P01010)

Boron, water, 
filtered, µg/L 

(P01020)

Bromide, 
water, 

filtered, mg/L 
(P71870)

Cadmium, 
water, 

filtered, µg/L 
(P01025)

Chromium, 
water, 

filtered, µg/L 
(P01030)

Cobalt, 
water, 

filtered, µg/L 
(P01035)

Copper, 
water, 

filtered, µg/L 
(P01040)

Iron, water, 
filtered, µg/L 

(P01046)

Lower Cretaceous hydrogeologic units Lower Cretaceous hydrogeologic units

420642106154701 25-079-26adb01 217CLVL 20030627 12:50 <2 <0.30 0.3 57 <0.06 56 0.03 E0.02 <0.8 0.135 0.8 <8

Triassic and Jurassic hydrogeologic units Triassic and Jurassic hydrogeologic units

415620106113301 23-078-29adb01 221SNDC 20030529 13:00 <13 <2.40 6.7 4 <.48 1,650 10.7 E.16 90.4 .760 33.8 296

415753107210001 23-088-16cbb01 231CGTR 20030429 14:00 <2 <.30 1.1 9 <.06 134 .08 <.04 <.8 .496 2.9 16

421057106204601 26-079-31ada01 231CGTR 20030627 18:10 <2 <.30 1.4 8 <.06 146 .05 <.04 <.8 1.00 5.1 <24

Paleozoic hydrogeologic units Paleozoic hydrogeologic units

420244106205701 24-080-13ddc01 237GSEG 20030531 17:00 <3 <.60 .9 8 <.12 191 .10 <.07 <.8 2.58 6.2 E21

415742106125801 23-078-18dca01 237GSEG 20030602 15:30 <3 <.60 1.9 10 <.12 135 .22 <.07 <.8 1.07 8.0 47

415912106105101 23-078-09baa01 317TSLP 20030505 12:30 3 <.30 E.2 7 .09 123 .03 <.04 <.8 1.27 7.3 14,100

420303106162701 24-079-15dba01 317TSLP 20030531 14:30 <2 <.30 E.2 <.050 <.06 17 .04 E.02 <.8 .178 1.7 E4

415338107185401 22-088-10adc01 331MDSN 20030604 09:00 <2 <.30 .5 67 <.06 9 .09 <.04 <.8 .168 8.2 <8

Precambrian hydrogeologic units Precambrian hydrogeologic units

411220106454901 14-083-06ddb01 400PCMB 20020731 10:00 <1 E.04 13.0 11 <.06 35 .09 <.04 <.8 .083 .4 <10

414718107160201 21-087-18cac01 400PCMB 20020806 12:40 <1 .07 .6 29 <.06 44 .07 E.02 <.8 .080 1.4 <10

421427106345501 26-081-07bad01 400PCMB 20030603 11:00 6 <.30 .4 6 .07 E4 -- <.04 <.8 .100 2.3 17

USGS site- 
identification 

number Local well number

Hydro- 
geologic

unit
Sample date  
(yyyymmdd)

Sample 
start 
time  

(24 hour)

Lead, water, 
filtered, µg/L 

(P01049)

Lithium, water, 
filtered, µg/L 

(P01130)

Manganese, 
water, filtered, 
µg/L (P01056)

Molybde-
num, water, 
filtered, µg/L 

(P01060)

Nickel, 
water, 

filtered, µg/L 
(P01065)

Selenium, 
water, fil-
tered, µg/L 

(P01145)

Silver, water, 
filtered, µg/L 

(P01075)

Strontium, 
water, 

filtered, µg/L 
(P01080)

Thallium, 
water, fil-
tered, µg/L 

(P01057)

Vanadium, 
water, fil-
tered, µg/L 

(P01085)

Zinc, water, 
filtered, µg/L 

(P01090)

Quaternary unconsolidated deposits Quaternary unconsolidated deposits

414613106564701 21-085-23ddd01 111ALVM 20020802 09:00 0.24 386 2,780 4.1 5.62 3.9 <3.0 3,430 <0.10 1.6 36.7

421233106311301 26-081-28ac 01 111ALVM 20030627 16:10 .20 21.3 .5 2.0 3.75 4.5 <.2 462 .04 .8 6.6

413129106231401 18-080-21aba01 111ALVM 20030629 14:50 .29 <.5 .9 <.3 .38 <.5 <.2 12.3 <.04 .2 9.5

Upper Tertiary hydrogeologic units Upper Tertiary hydrogeologic units

413039106383301 18-082-20cdd01 121BRPK 20020730 15:30 E.06 15.1 19.0 1.1 .80 1.0 <1.0 285 <.04 2.4 3.6

412026106440101 16-083-21bdd01 121BRPK 20020731 16:30 E.08 35.8 .1 4.9 .62 2.8 <1.0 507 <.04 23.5 2.4

413204107202801 18-088-17bcc01 121BRPK 20020814 12:20 <.08 4.0 <.1 1.8 .07 .5 <1.0 88.8 <.04 .5 <1.0

412032106312701 16-081-20bad01 121BRPK 20020923 12:10 .29 E.3 .2 <.2 .74 <.3 <1.0 35.3 <.04 .7 49.2

421341106541801 26-084-17aac01 122MOCN 20030504 15:40 .18 28.6 <.1 6.6 1.79 1.9 <1.0 443 <.04 3.3 14.4

421042106453701 26-083-34cab01 122MOCN 20030602 11:40 .14 10.8 31.9 1.7 1.36 .6 <.2 445 <.04 .4 3.3

Lower Tertiary hydrogeologic units Lower Tertiary hydrogeologic units

415804107290101 23-089-17bcb01 124BSPG 20030503 17:00 <.16 26.8 135 3.3 2.46 2.8 <.4 1,780 <.08 <.3 11.3

410639106362201 13-082-10bcc01 124CLMN 20020924 13:00 .10 9.6 <.1 .3 .68 .5 <1.0 117 <.04 3.1 <1.0

413234106183401 18-079-07ddb01 124HANN 20030626 15:00 .28 1.5 .5 <.3 .95 <.5 <.2 30.0 <.04 .8 24.3

412551107531401 17-093-21cbd01 124TPTN 20020925 15:40 <.20 190 17.3 1.0 2.08 5.3 <3.0 936 <.10 <.6 10.0

410941107403001 14-091-30aba01 124WSTC 20020813 17:30 <.20 82.1 6.1 30.5 E.07 <.7 <2.0 55.7 <.08 2.1 <2.0

413854107520401 19-093-03cac01 124WSTC 20020927 18:20 <.08 78.6 129 .8 1.70 .4 <1.0 12,300 <.04 .8 4.4

413221107520601 18-093-15bca01 124WSTC 20020925 18:20 <.08 35.9 27.7 2.7 1.64 .5 <1.0 1,860 <.04 .4 1.7

412922107552801 18-093-31cac01 124WSTC 20021008 13:30 <.08 25.8 4.1 2.4 .12 <.5 <.2 49.0 <.04 <.1 E.9

413853107342001 19-090-06dbd01 125FRUN 20021025 11:30 <.08 31.7 51.8 .5 11.8 E.3 <.2 1,310 <.04 2.8 E.6

Appendix 6-4.  Trace elements in ground-water samples collected during study.—Continued
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Appendix 6-4.  Trace elements in ground-water samples collected during study.—Continued

USGS site- 
identification 

number Local well number

Hydro- 
geologic 

unit
Sample date  
(yyyymmdd)

Sample 
start 
time  

(24 hour)

Aluminum, 
water, filtered, 
µg/L (P01106)

Antimony, 
water, filtered, 
µg/L (P01095)

Arsenic, water, 
filtered, µg/L 

(P01000)

Barium, 
water, 

filtered, µg/L 
(P01005)

Beryl-
lium, water, 
filtered, µg/L 

(P01010)

Boron, water, 
filtered, µg/L 

(P01020)

Bromide, 
water, 

filtered, mg/L 
(P71870)

Cadmium, 
water, 

filtered, µg/L 
(P01025)

Chromium, 
water, 

filtered, µg/L 
(P01030)

Cobalt, 
water, 

filtered, µg/L 
(P01035)

Copper, 
water, 

filtered, µg/L 
(P01040)

Iron, water, 
filtered, µg/L 

(P01046)

Lower Cretaceous hydrogeologic units Lower Cretaceous hydrogeologic units

420642106154701 25-079-26adb01 217CLVL 20030627 12:50 <2 <0.30 0.3 57 <0.06 56 0.03 E0.02 <0.8 0.135 0.8 <8

Triassic and Jurassic hydrogeologic units Triassic and Jurassic hydrogeologic units

415620106113301 23-078-29adb01 221SNDC 20030529 13:00 <13 <2.40 6.7 4 <.48 1,650 10.7 E.16 90.4 .760 33.8 296

415753107210001 23-088-16cbb01 231CGTR 20030429 14:00 <2 <.30 1.1 9 <.06 134 .08 <.04 <.8 .496 2.9 16

421057106204601 26-079-31ada01 231CGTR 20030627 18:10 <2 <.30 1.4 8 <.06 146 .05 <.04 <.8 1.00 5.1 <24

Paleozoic hydrogeologic units Paleozoic hydrogeologic units

420244106205701 24-080-13ddc01 237GSEG 20030531 17:00 <3 <.60 .9 8 <.12 191 .10 <.07 <.8 2.58 6.2 E21

415742106125801 23-078-18dca01 237GSEG 20030602 15:30 <3 <.60 1.9 10 <.12 135 .22 <.07 <.8 1.07 8.0 47

415912106105101 23-078-09baa01 317TSLP 20030505 12:30 3 <.30 E.2 7 .09 123 .03 <.04 <.8 1.27 7.3 14,100

420303106162701 24-079-15dba01 317TSLP 20030531 14:30 <2 <.30 E.2 <.050 <.06 17 .04 E.02 <.8 .178 1.7 E4

415338107185401 22-088-10adc01 331MDSN 20030604 09:00 <2 <.30 .5 67 <.06 9 .09 <.04 <.8 .168 8.2 <8

Precambrian hydrogeologic units Precambrian hydrogeologic units

411220106454901 14-083-06ddb01 400PCMB 20020731 10:00 <1 E.04 13.0 11 <.06 35 .09 <.04 <.8 .083 .4 <10

414718107160201 21-087-18cac01 400PCMB 20020806 12:40 <1 .07 .6 29 <.06 44 .07 E.02 <.8 .080 1.4 <10

421427106345501 26-081-07bad01 400PCMB 20030603 11:00 6 <.30 .4 6 .07 E4 -- <.04 <.8 .100 2.3 17

USGS site- 
identification 

number Local well number

Hydro- 
geologic

unit
Sample date  
(yyyymmdd)

Sample 
start 
time  

(24 hour)

Lead, water, 
filtered, µg/L 

(P01049)

Lithium, water, 
filtered, µg/L 

(P01130)

Manganese, 
water, filtered, 
µg/L (P01056)

Molybde-
num, water, 
filtered, µg/L 

(P01060)

Nickel, 
water, 

filtered, µg/L 
(P01065)

Selenium, 
water, fil-
tered, µg/L 

(P01145)

Silver, water, 
filtered, µg/L 

(P01075)

Strontium, 
water, 

filtered, µg/L 
(P01080)

Thallium, 
water, fil-
tered, µg/L 

(P01057)

Vanadium, 
water, fil-
tered, µg/L 

(P01085)

Zinc, water, 
filtered, µg/L 

(P01090)

Quaternary unconsolidated deposits Quaternary unconsolidated deposits

414613106564701 21-085-23ddd01 111ALVM 20020802 09:00 0.24 386 2,780 4.1 5.62 3.9 <3.0 3,430 <0.10 1.6 36.7

421233106311301 26-081-28ac 01 111ALVM 20030627 16:10 .20 21.3 .5 2.0 3.75 4.5 <.2 462 .04 .8 6.6

413129106231401 18-080-21aba01 111ALVM 20030629 14:50 .29 <.5 .9 <.3 .38 <.5 <.2 12.3 <.04 .2 9.5

Upper Tertiary hydrogeologic units Upper Tertiary hydrogeologic units

413039106383301 18-082-20cdd01 121BRPK 20020730 15:30 E.06 15.1 19.0 1.1 .80 1.0 <1.0 285 <.04 2.4 3.6

412026106440101 16-083-21bdd01 121BRPK 20020731 16:30 E.08 35.8 .1 4.9 .62 2.8 <1.0 507 <.04 23.5 2.4

413204107202801 18-088-17bcc01 121BRPK 20020814 12:20 <.08 4.0 <.1 1.8 .07 .5 <1.0 88.8 <.04 .5 <1.0

412032106312701 16-081-20bad01 121BRPK 20020923 12:10 .29 E.3 .2 <.2 .74 <.3 <1.0 35.3 <.04 .7 49.2

421341106541801 26-084-17aac01 122MOCN 20030504 15:40 .18 28.6 <.1 6.6 1.79 1.9 <1.0 443 <.04 3.3 14.4

421042106453701 26-083-34cab01 122MOCN 20030602 11:40 .14 10.8 31.9 1.7 1.36 .6 <.2 445 <.04 .4 3.3

Lower Tertiary hydrogeologic units Lower Tertiary hydrogeologic units

415804107290101 23-089-17bcb01 124BSPG 20030503 17:00 <.16 26.8 135 3.3 2.46 2.8 <.4 1,780 <.08 <.3 11.3

410639106362201 13-082-10bcc01 124CLMN 20020924 13:00 .10 9.6 <.1 .3 .68 .5 <1.0 117 <.04 3.1 <1.0

413234106183401 18-079-07ddb01 124HANN 20030626 15:00 .28 1.5 .5 <.3 .95 <.5 <.2 30.0 <.04 .8 24.3

412551107531401 17-093-21cbd01 124TPTN 20020925 15:40 <.20 190 17.3 1.0 2.08 5.3 <3.0 936 <.10 <.6 10.0

410941107403001 14-091-30aba01 124WSTC 20020813 17:30 <.20 82.1 6.1 30.5 E.07 <.7 <2.0 55.7 <.08 2.1 <2.0

413854107520401 19-093-03cac01 124WSTC 20020927 18:20 <.08 78.6 129 .8 1.70 .4 <1.0 12,300 <.04 .8 4.4

413221107520601 18-093-15bca01 124WSTC 20020925 18:20 <.08 35.9 27.7 2.7 1.64 .5 <1.0 1,860 <.04 .4 1.7

412922107552801 18-093-31cac01 124WSTC 20021008 13:30 <.08 25.8 4.1 2.4 .12 <.5 <.2 49.0 <.04 <.1 E.9

413853107342001 19-090-06dbd01 125FRUN 20021025 11:30 <.08 31.7 51.8 .5 11.8 E.3 <.2 1,310 <.04 2.8 E.6
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USGS site- 
identification 

number Local well number

Hydro- 
geologic

unit
Sample date  
(yyyymmdd)

Sample 
start 
time  

(24 hour)

Lead, water, 
filtered, µg/L 

(P01049)

Lithium, water, 
filtered, µg/L 

(P01130)

Manganese, 
water, filtered, 
µg/L (P01056)

Molybde-
num, water, 
filtered, µg/L 

(P01060)

Nickel, 
water, 

filtered, µg/L 
(P01065)

Selenium, 
water, fil-
tered, µg/L 

(P01145)

Silver, water, 
filtered, µg/L 

(P01075)

Strontium, 
water, 

filtered, µg/L 
(P01080)

Thallium, 
water, fil-
tered, µg/L 

(P01057)

Vanadium, 
water, fil-
tered, µg/L 

(P01085)

Zinc, water, 
filtered, µg/L 

(P01090)

Upper Cretaceous hydrogeologic units Upper Cretaceous hydrogeologic units

420616107175501 25-088-25cda01 211CODY 20030506 17:00 <0.08 14.3 89.6 2.3 1.37 <0.5 <0.2 473 <0.04 1.1 <1.0

420531107224501 25-088-32cac01 211CODY 20030601 12:00 <.16 95.9 565 29.1 2.49 17.7 <.4 2,030 <.08 3.6 3.5

420126107131001 24-087-28adc01 211CODY 20030601 17:00 <.08 13.4 199 34.0 2.38 E.4 <.2 697 <.04 .5 E.9

415301107264301 22-089-15bb 01 211LNCE 20030603 16:30 .13 32.4 892 <.3 6.59 1.4 <.2 1,310 <.04 .3 162

414133106584701 20-085-21bcb01 211LWIS 20020808 09:20 <.20 585 53.2 2.7 6.41 8.5 <3.0 6,820 <.10 3.3 10.9

415152107243901 22-089-23adc01 211LWIS 20030528 16:00 <.24 292 47.5 2.5 1.95 4.8 <.6 1,850 <.12 .6 5.0

414001107115301 20-087-28abc01 211MVRD 20020807 11:10 .50 16.9 1.9 .6 <.06 .7 <1.0 1,350 <.04 1.2 96.1

414152107141201 20-087-19abc01 211MVRD 20020820 15:50 .49 32.9 27.0 <.2 2.22 .6 <1.0 4,910 <.04 1.0 493

413807107024801 19-086-11bdd01 211MVRD 20020821 16:00 .17 32.5 23.8 .3 1.88 <.3 <1.0 1,310 <.04 2.6 521

414320106540401 20-084-07bcc01 211MVRD 20020822 11:30 1.39 84.9 382 1.5 2.16 .4 <1.0 1,510 <.04 1.6 4,030

414027107013001 20-086-25dcb01 211MVRD 20020823 15:20 <.08 87.0 188 .3 2.38 .8 <1.0 962 <.04 2.2 2.1

413831106091401 19-078-03ccc01 211MVRD 20030605 10:50 E.07 4.5 25.7 1.5 .93 <.5 <.2 348 <.04 .4 9.4

413438107005201 19-085-31bcc01 211STEL 20020815 16:00 <.20 606 261 1.8 <.20 2.6 <3.0 6,410 <.10 3.5 9.4

413813106290901 19-081-10aca01 211STEL 20020817 12:50 .54 7.1 10.5 .5 .35 <.3 <1.0 329 <.04 E.1 19.7

413236107094301 18-087-11cdd01 211STEL 20020926 15:40 E.33 3,200 15,600 222 354 227 <7.0 13,300 .41 64.5 89.8

Lower Cretaceous hydrogeologic units Lower Cretaceous hydrogeologic units

420642106154701 25-079-26adb01 217CLVL 20030627 12:50 <.08 18.7 <.2 2.4 1.98 2.6 <.2 719 E.03 .3 E.5

Triassic and Jurassic hydrogeologic units Triassic and Jurassic hydrogeologic units

415620106113301 23-078-29adb01 221SNDC 20030529 13:00 <.64 1,260 86.4 27.4 9.12 27.7 <1.6 8,240 <.33 <1.0 26.3

415753107210001 23-088-16cbb01 231CGTR 20030429 14:00 E.05 32.5 E.2 3.3 8.43 5.8 <.2 4,550 <.04 10.8 3.2

421057106204601 26-079-31ada01 231CGTR 20030627 18:10 <.08 28.0 1.5 6.0 16.5 13.3 <.2 8,260 <.04 3.1 2.9

Paleozoic hydrogeologic units Paleozoic hydrogeologic units

420244106205701 24-080-13ddc01 237GSEG 20030531 17:00 <.16 50.4 24.7 5.0 28.6 11.8 <.4 4,330 <.08 1.1 8.2

415742106125801 23-078-18dca01 237GSEG 20030602 15:30 <.16 75.6 37.8 7.5 8.28 1.4 <.4 5,190 <.08 <.3 26.1

415912106105101 23-078-09baa01 317TSLP 20030505 12:30 <.08 39.0 71.9 <.3 8.03 .9 <.2 1,620 <.04 3.5 33.5

420303106162701 24-079-15dba01 317TSLP 20030531 14:30 2.43 4.8 .4 4.9 1.73 2.8 <.2 150 .46 .3 159

415338107185401 22-088-10adc01 331MDSN 20030604 09:00 E.07 2.9 <.2 .6 .71 1.4 <.2 125 <.04 2.0 9.3

Precambrian hydrogeologic units Precambrian hydrogeologic units

411220106454901 14-083-06ddb01 400PCMB 20020731 10:00 <.08 55.9 <.1 2.0 <.06 1.0 <1.0 383 E.02 2.4 1.8

414718107160201 21-087-18cac01 400PCMB 20020806 12:40 .69 18.8 .3 6.5 .13 1.5 <1.0 316 <.04 1.3 8.8

421427106345501 26-081-07bad01 400PCMB 20030603 11:00 E.04 2.2 <.2 .9 1.29 <.5 <.2 45.8 <.04 1.6 <1.0

Appendix 6-4.  Trace elements in ground-water samples collected during study.—Continued
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Appendix 6-4.  Trace elements in ground-water samples collected during study.—Continued

USGS site- 
identification 

number Local well number

Hydro- 
geologic

unit
Sample date  
(yyyymmdd)

Sample 
start 
time  

(24 hour)

Lead, water, 
filtered, µg/L 

(P01049)

Lithium, water, 
filtered, µg/L 

(P01130)

Manganese, 
water, filtered, 
µg/L (P01056)

Molybde-
num, water, 
filtered, µg/L 

(P01060)

Nickel, 
water, 

filtered, µg/L 
(P01065)

Selenium, 
water, fil-
tered, µg/L 

(P01145)

Silver, water, 
filtered, µg/L 

(P01075)

Strontium, 
water, 

filtered, µg/L 
(P01080)

Thallium, 
water, fil-
tered, µg/L 

(P01057)

Vanadium, 
water, fil-
tered, µg/L 

(P01085)

Zinc, water, 
filtered, µg/L 

(P01090)

Upper Cretaceous hydrogeologic units Upper Cretaceous hydrogeologic units

420616107175501 25-088-25cda01 211CODY 20030506 17:00 <0.08 14.3 89.6 2.3 1.37 <0.5 <0.2 473 <0.04 1.1 <1.0

420531107224501 25-088-32cac01 211CODY 20030601 12:00 <.16 95.9 565 29.1 2.49 17.7 <.4 2,030 <.08 3.6 3.5

420126107131001 24-087-28adc01 211CODY 20030601 17:00 <.08 13.4 199 34.0 2.38 E.4 <.2 697 <.04 .5 E.9

415301107264301 22-089-15bb 01 211LNCE 20030603 16:30 .13 32.4 892 <.3 6.59 1.4 <.2 1,310 <.04 .3 162

414133106584701 20-085-21bcb01 211LWIS 20020808 09:20 <.20 585 53.2 2.7 6.41 8.5 <3.0 6,820 <.10 3.3 10.9

415152107243901 22-089-23adc01 211LWIS 20030528 16:00 <.24 292 47.5 2.5 1.95 4.8 <.6 1,850 <.12 .6 5.0

414001107115301 20-087-28abc01 211MVRD 20020807 11:10 .50 16.9 1.9 .6 <.06 .7 <1.0 1,350 <.04 1.2 96.1

414152107141201 20-087-19abc01 211MVRD 20020820 15:50 .49 32.9 27.0 <.2 2.22 .6 <1.0 4,910 <.04 1.0 493

413807107024801 19-086-11bdd01 211MVRD 20020821 16:00 .17 32.5 23.8 .3 1.88 <.3 <1.0 1,310 <.04 2.6 521

414320106540401 20-084-07bcc01 211MVRD 20020822 11:30 1.39 84.9 382 1.5 2.16 .4 <1.0 1,510 <.04 1.6 4,030

414027107013001 20-086-25dcb01 211MVRD 20020823 15:20 <.08 87.0 188 .3 2.38 .8 <1.0 962 <.04 2.2 2.1

413831106091401 19-078-03ccc01 211MVRD 20030605 10:50 E.07 4.5 25.7 1.5 .93 <.5 <.2 348 <.04 .4 9.4

413438107005201 19-085-31bcc01 211STEL 20020815 16:00 <.20 606 261 1.8 <.20 2.6 <3.0 6,410 <.10 3.5 9.4

413813106290901 19-081-10aca01 211STEL 20020817 12:50 .54 7.1 10.5 .5 .35 <.3 <1.0 329 <.04 E.1 19.7

413236107094301 18-087-11cdd01 211STEL 20020926 15:40 E.33 3,200 15,600 222 354 227 <7.0 13,300 .41 64.5 89.8

Lower Cretaceous hydrogeologic units Lower Cretaceous hydrogeologic units

420642106154701 25-079-26adb01 217CLVL 20030627 12:50 <.08 18.7 <.2 2.4 1.98 2.6 <.2 719 E.03 .3 E.5

Triassic and Jurassic hydrogeologic units Triassic and Jurassic hydrogeologic units

415620106113301 23-078-29adb01 221SNDC 20030529 13:00 <.64 1,260 86.4 27.4 9.12 27.7 <1.6 8,240 <.33 <1.0 26.3

415753107210001 23-088-16cbb01 231CGTR 20030429 14:00 E.05 32.5 E.2 3.3 8.43 5.8 <.2 4,550 <.04 10.8 3.2

421057106204601 26-079-31ada01 231CGTR 20030627 18:10 <.08 28.0 1.5 6.0 16.5 13.3 <.2 8,260 <.04 3.1 2.9

Paleozoic hydrogeologic units Paleozoic hydrogeologic units

420244106205701 24-080-13ddc01 237GSEG 20030531 17:00 <.16 50.4 24.7 5.0 28.6 11.8 <.4 4,330 <.08 1.1 8.2

415742106125801 23-078-18dca01 237GSEG 20030602 15:30 <.16 75.6 37.8 7.5 8.28 1.4 <.4 5,190 <.08 <.3 26.1

415912106105101 23-078-09baa01 317TSLP 20030505 12:30 <.08 39.0 71.9 <.3 8.03 .9 <.2 1,620 <.04 3.5 33.5

420303106162701 24-079-15dba01 317TSLP 20030531 14:30 2.43 4.8 .4 4.9 1.73 2.8 <.2 150 .46 .3 159

415338107185401 22-088-10adc01 331MDSN 20030604 09:00 E.07 2.9 <.2 .6 .71 1.4 <.2 125 <.04 2.0 9.3

Precambrian hydrogeologic units Precambrian hydrogeologic units

411220106454901 14-083-06ddb01 400PCMB 20020731 10:00 <.08 55.9 <.1 2.0 <.06 1.0 <1.0 383 E.02 2.4 1.8

414718107160201 21-087-18cac01 400PCMB 20020806 12:40 .69 18.8 .3 6.5 .13 1.5 <1.0 316 <.04 1.3 8.8

421427106345501 26-081-07bad01 400PCMB 20030603 11:00 E.04 2.2 <.2 .9 1.29 <.5 <.2 45.8 <.04 1.6 <1.0
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Appendix 6-5.  Nutrients in ground-water samples collected during study.

[USGS, U.S. Geological Survey; number below the compound is the data parameter code, which is a five-digit number used in the USGS computerized data 
system, National Water Information System (NWIS), to uniquely identify a constituent or property; yyyymmdd, year, month, day; µg/L, micrograms per liter; 
mg/L, milligrams per liter; --, not analyzed; E, estimated concentration; <, less than]

USGS site- 
identification 

number
Local well 

number

Hydro-
geologic 

unit

Sample 
date 

(yyyym-
mdd)

Sample 
start time  
(24 hour)

Ammonia, 
water, fil-

tered, mg/L 
as nitrogen 

(P00608)

Nitrite plus 
nitrate, 

water, fil-
tered, mg/L 
as nitrogen 

(P00631)

Nitrite, 
water, fil-

tered, mg/L 
as nitrogen 

(P00613)

Ortho-
phosphate, 

water, 
filtered, 
mg/L as 

phosphorus 
(P00671)

Quaternary unconsolidated deposits

414613106564701 21-085-23ddd01 111ALVM 20020802 09:00 0.43 <0.05 0.008 <0.02

421233106311301 26-081-28ac 01 111ALVM 20030627 16:10 <.04 2.26 E.004 E.01

413129106231401 18-080-21aba01 111ALVM 20030629 14:50 <.04 .09 <.008 <.02

Upper Tertiary hydrogeologic units

413039106383301 18-082-20cdd01 121BRPK 20020730 15:30 <.04 .06 <.008 E.01

412026106440101 16-083-21bdd01 121BRPK 20020731 16:30 <.04 .70 <.008 .03

413204107202801 18-088-17bcc01 121BRPK 20020814 12:20 .77 <.05 E.006 .03

412032106312701 16-081-20bad01 121BRPK 20020923 12:10 <.04 .17 <.008 <.02

421341106541801 26-084-17aac01 122MOCN 20030504 15:40 <.04 .10 <.008 <.02

421042106453701 26-083-34cab01 122MOCN 20030602 11:40 <.04 .66 <.008 <.02

Lower Tertiary hydrogeologic units

415804107290101 23-089-17bcb01 124BSPG 20030503 17:00 .54 .18 .013 <.02

410639106362201 13-082-10bcc01 124CLMN 20020924 13:00 <.04 .71 <.008 .08

413234106183401 18-079-07ddb01 124HANN 20030626 15:00 <.04 .08 <.008 <.02

412551107531401 17-093-21cbd01 124TPTN 20020925 15:40 2.93 <.05 E.004 E.01

410941107403001 14-091-30aba01 124WSTC 20020813 17:30 <.04 .25 <.008 .03

413854107520401 19-093-03cac01 124WSTC 20020927 18:20 .77 <.05 <.008 <.02

413221107520601 18-093-15bca01 124WSTC 20020925 18:20 1.22 <.05 <.008 <.02

412922107552801 18-093-31cac01 124WSTC 20021008 13:30 1.18 <.06 <.008 .03

413853107342001 19-090-06dbd01 125FRUN 20021025 11:30 .26 <.06 <.008 <.02

Upper Cretaceous hydrogeologic units

420616107175501 25-088-25cda01 211CODY 20030506 17:00 <.04 <.06 <.008 <.02

420531107224501 25-088-32cac01 211CODY 20030601 12:00 .70 <.06 <.008 .08

420126107131001 24-087-28adc01 211CODY 20030601 17:00 .57 <.06 <.008 <.02

415301107264301 22-089-15bb 01 211LNCE 20030603 16:30 .19 <.06 <.008 <.02

414133106584701 20-085-21bcb01 211LWIS 20020808 09:20 .08 .32 <.008 <.02

415152107243901 22-089-23adc01 211LWIS 20030528 16:00 2.84 .10 <.008 <.02

414001107115301 20-087-28abc01 211MVRD 20020807 11:10 <.04 .16 E.005 <.02

414152107141201 20-087-19abc01 211MVRD 20020820 15:50 .61 <.05 <.008 <.02

413807107024801 19-086-11bdd01 211MVRD 20020821 16:00 .17 <.05 <.008 <.02

414320106540401 20-084-07bcc01 211MVRD 20020822 11:30 .16 <.05 <.008 <.02

414027107013001 20-086-25dcb01 211MVRD 20020823 15:20 .27 <.05 .014 .03

413831106091401 19-078-03ccc01 211MVRD 20030605 10:50 <.04 1.48 <.008 --

413438107005201 19-085-31bcc01 211STEL 20020815 16:00 1.21 .16 .027 <.02
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USGS site- 
identification 

number
Local well 

number

Hydro-
geologic 

unit

Sample 
date 

(yyyym-
mdd)

Sample 
start time  
(24 hour)

Ammonia, 
water, fil-

tered, mg/L 
as nitrogen 

(P00608)

Nitrite plus 
nitrate, 

water, fil-
tered, mg/L 
as nitrogen 

(P00631)

Nitrite, 
water, fil-

tered, mg/L 
as nitrogen 

(P00613)

Ortho-
phosphate, 

water, 
filtered, 
mg/L as 

phosphorus 
(P00671)

Upper Cretaceous hydrogeologic units—Continued

413813106290901 19-081-10aca01 211STEL 20020817 12:50 E0.04 E0.04 <0.008 E0.01

413236107094301 18-087-11cdd01 211STEL 20020926 15:40 5.10 11.0 .104 .03

Lower Cretaceous hydrogeologic units

420642106154701 25-079-26adb01 217CLVL 20030627 12:50 <.04 .26 <.008 <.02

Triassic and Jurassic hydrogeologic units

415620106113301 23-078-29adb01 221SNDC 20030529 13:00 3.15 <.06 <.008 <.02

415753107210001 23-088-16cbb01 231CGTR 20030429 14:00 <.04 .32 <.008 <.02

421057106204601 26-079-31ada01 231CGTR 20030627 18:10 .05 .56 <.008 <.02

Paleozoic hydrogeologic units

420244106205701 24-080-13ddc01 237GSEG 20030531 17:00 .06 2.59 <.008 <.02

415742106125801 23-078-18dca01 237GSEG 20030602 15:30 E.04 <.06 <.008 <.02

415912106105101 23-078-09baa01 317TSLP 20030505 12:30 .20 <.06 <.008 <.02

420303106162701 24-079-15dba01 317TSLP 20030531 14:30 <.04 1.27 <.008 <.02

415338107185401 22-088-10adc01 331MDSN 20030604 09:00 <.04 1.68 <.008 --

Precambrian hydrogeologic units

411220106454901 14-083-06ddb01 400PCMB 20020731 10:00 <.04 .90 <.008 E.01

414718107160201 21-087-18cac01 400PCMB 20020806 12:40 <.04 1.21 <.008 <.02

421427106345501 26-081-07bad01 400PCMB 20030603 11:00 <.04 .25 <.008 <.02

Appendix 6-5.  Nutrients in ground-water samples collected during study.—Continued
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Appendix 6-6.  Radionuclides in ground-water samples collected during study.

[USGS, U.S. Geological Survey; number below the compound is the data parameter code, which is a five-digit number used in the USGS computerized data 
system, National Water Information System (NWIS), to uniquely identify a constituent or property; yyyymmdd, year, month, day;  
pCi/L, picocuries per liter; mg/L, milligrams per liter; --, not analyzed; E, estimated concentration; <, less than; M, constituent detected but not quantified]

USGS site- 
identification 

number
 Local well 

number

Hydro-
geologic 

unit

Sample 
date 

(yyyymmdd)

Sample 
start 
time  

(24 hour)

Alpha 
radio- 

activity,  
water, 

filtered, 
Thorium-
230 curve, 

pCi/L 
(P04126)

Alpha 
radio-

activity 
2-sigma 

combined 
uncer-
tainty, 
water, 

filtered, 
Thorium-
230 curve, 

pCi/L 
(P75987)

Gross beta 
radio- 

activity,  
water, 

filtered, 
Cesium-

137 curve, 
picocuries 

per liter 
P03515)

Beta 
radio-

activity 
2-sigma 

combined 
uncer-
tainty, 
water, 

filtered, 
Cesium-

137 curve, 
pCi/L 

(P75989)

Radium- 
224, 

water, 
filtered, 

pCi/L 
(P50833)

Radium- 
224 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P50834)

Radium-
226, water, 

filtered, 
pCi/L 

(P09503)

Radium- 
226 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P76001)

Radium-
226, water, 

filtered, 
radon 

method, 
pCi/L 

(P09511)

Radium-
228, water, 

filtered, 
pCi/L 

(P81366)

Radium- 
228 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P76000)

Radon-
222, water, 
unfiltered, 

pCi/L 
(P82303)

Radon-222 
2-sigma 

combined 
uncertain-
ty, water, 

unfiltered, 
pCi/L 

(P76002)

Tritium, 
water, 

unfiltered, 
pCi/L 

(P07000)

Tritium 
2-sigma 

combined 
uncertain-
ty, water, 

unfiltered, 
pCi/L 

(P75985)

Uranium 
(natural), 

water, 
filtered, 

mg/L 
(P22703)

Quaternary unconsolidated deposits Quaternary unconsolidated deposits—Continued

414613106564701 21-085-23ddd01 111ALVM 20020802 09:00 -- -- -- -- -- -- -- -- -- -- -- 280 ±28 -- -- 4.91

421233106311301 26-081-28ac 01 111ALVM 20030627 16:10 -- -- -- -- -- -- -- -- -- -- -- 3,810 ±68 -- -- 18.1

413129106231401 18-080-21aba01 111ALVM 20030629 14:50 -- -- -- -- -- -- -- -- -- -- -- 2,200 ±48 -- -- .06

Upper Tertiary hydrogeologic units Upper Tertiary hydrogeologic units—Continued

413039106383301 18-082-20cdd01 121BRPK 20020730 15:30 13.1 ±2.8 6.3 ±2.0 M ±0.07 M ±0.06 -- M ±0.37 1,290 ±37 39 ±1.9 5.98

412026106440101 16-083-21bdd01 121BRPK 20020731 16:30 11.6 ±4.0 14.5 ±4.5 M ±.05 M ±.09 -- M ±.36 590 ±29 43 ±2.6 28.4

413204107202801 18-088-17bcc01 121BRPK 20020814 12:20 -- -- -- -- -- -- -- -- -- -- -- 2,050 ±47 -- -- .61

412032106312701 16-081-20bad01 121BRPK 20020923 12:10 -- -- -- -- -- -- -- -- -- -- -- 1,030 ±36 -- -- .05

421341106541801 26-084-17aac01 122MOCN 20030504 15:40 -- -- -- -- -- -- -- -- -- -- -- 410 ±27 -- -- 51.0

421042106453701 26-083-34cab01 122MOCN 20030602 11:40 -- -- -- -- -- -- -- -- -- -- -- 2,840 ±55 -- -- 5.70

Lower Tertiary hydrogeologic units Lower Tertiary hydrogeologic units—Continued

415804107290101 23-089-17bcb01 124BSPG 20030503 17:00 -- -- -- -- -- -- -- -- -- -- -- 1,260 ±43 -- -- 9.71

410639106362201 13-082-10bcc01 124CLMN 20020924 13:00 2 ±.69 2 ±1.0 -- -- -- ±.02 .10 M ±.29 2,130 ±48 -- -- .18

413234106183401 18-079-07ddb01 124HANN 20030626 15:00 -- -- -- -- -- -- -- -- -- -- -- 2,470 ±60 -- -- .03

412551107531401 17-093-21cbd01 124TPTN 20020925 15:40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- .42

410941107403001 14-091-30aba01 124WSTC 20020813 17:30 -- -- -- -- -- -- -- -- -- -- -- 680 ±30 -- -- .80

413854107520401 19-093-03cac01 124WSTC 20020927 18:20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- .18

413221107520601 18-093-15bca01 124WSTC 20020925 18:20 -- -- -- -- -- -- -- -- -- -- -- 390 ±25 -- -- .05

412922107552801 18-093-31cac01 124WSTC 20021008 13:30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- .04

413853107342001 19-090-06dbd01 125FRUN 20021025 11:30 5 ±5.8 9 ±5.6 -- -- -- ±.12 .58 1 ±.49 560 ±32 -- -- .07

Upper Cretaceous hydrogeologic units Upper Cretaceous hydrogeologic units—Continued

420616107175501 25-088-25cda01 211CODY 20030506 17:00 -- -- -- -- -- -- -- -- -- -- -- 860 ±32 -- -- 5.00

420531107224501 25-088-32cac01 211CODY 20030601 12:00 -- -- -- -- -- -- -- -- -- -- -- 1,380 ±40 -- -- 12.1

420126107131001 24-087-28adc01 211CODY 20030601 17:00 -- -- -- -- -- -- -- -- -- -- -- 1,170 ±37 -- -- 3.02

415301107264301 22-089-15bb 01 211LNCE 20030603 16:30 -- -- -- -- -- -- -- -- -- -- -- 460 ±27 -- -- .52

414133106584701 20-085-21bcb01 211LWIS 20020808 09:20 -- -- -- -- -- -- -- -- -- -- -- 450 ±28 -- -- 42.7

415152107243901 22-089-23adc01 211LWIS 20030528 16:00 -- -- -- -- -- -- -- -- -- -- -- 470 ±27 -- -- 3.67

414001107115301 20-087-28abc01 211MVRD 20020807 11:10 -- -- -- -- -- -- -- -- -- -- -- 1,490 ±43 -- -- 3.50

414152107141201 20-087-19abc01 211MVRD 20020820 15:50 -- -- -- -- -- -- -- -- -- -- -- 180 ±21 -- -- .12
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Appendix 6-6.  Radionuclides in ground-water samples collected during study.—Continued

USGS site- 
identification 

number
 Local well 

number

Hydro-
geologic 

unit

Sample 
date 

(yyyymmdd)

Sample 
start 
time  

(24 hour)

Alpha 
radio- 

activity,  
water, 

filtered, 
Thorium-
230 curve, 

pCi/L 
(P04126)

Alpha 
radio-

activity 
2-sigma 

combined 
uncer-
tainty, 
water, 

filtered, 
Thorium-
230 curve, 

pCi/L 
(P75987)

Gross beta 
radio- 

activity,  
water, 

filtered, 
Cesium-

137 curve, 
picocuries 

per liter 
P03515)

Beta 
radio-

activity 
2-sigma 

combined 
uncer-
tainty, 
water, 

filtered, 
Cesium-

137 curve, 
pCi/L 

(P75989)

Radium- 
224, 

water, 
filtered, 

pCi/L 
(P50833)

Radium- 
224 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P50834)

Radium-
226, water, 

filtered, 
pCi/L 

(P09503)

Radium- 
226 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P76001)

Radium-
226, water, 

filtered, 
radon 

method, 
pCi/L 

(P09511)

Radium-
228, water, 

filtered, 
pCi/L 

(P81366)

Radium- 
228 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P76000)

Radon-
222, water, 
unfiltered, 

pCi/L 
(P82303)

Radon-222 
2-sigma 

combined 
uncertain-
ty, water, 

unfiltered, 
pCi/L 

(P76002)

Tritium, 
water, 

unfiltered, 
pCi/L 

(P07000)

Tritium 
2-sigma 

combined 
uncertain-
ty, water, 

unfiltered, 
pCi/L 

(P75985)

Uranium 
(natural), 

water, 
filtered, 

mg/L 
(P22703)

Quaternary unconsolidated deposits Quaternary unconsolidated deposits—Continued

414613106564701 21-085-23ddd01 111ALVM 20020802 09:00 -- -- -- -- -- -- -- -- -- -- -- 280 ±28 -- -- 4.91

421233106311301 26-081-28ac 01 111ALVM 20030627 16:10 -- -- -- -- -- -- -- -- -- -- -- 3,810 ±68 -- -- 18.1

413129106231401 18-080-21aba01 111ALVM 20030629 14:50 -- -- -- -- -- -- -- -- -- -- -- 2,200 ±48 -- -- .06

Upper Tertiary hydrogeologic units Upper Tertiary hydrogeologic units—Continued

413039106383301 18-082-20cdd01 121BRPK 20020730 15:30 13.1 ±2.8 6.3 ±2.0 M ±0.07 M ±0.06 -- M ±0.37 1,290 ±37 39 ±1.9 5.98

412026106440101 16-083-21bdd01 121BRPK 20020731 16:30 11.6 ±4.0 14.5 ±4.5 M ±.05 M ±.09 -- M ±.36 590 ±29 43 ±2.6 28.4

413204107202801 18-088-17bcc01 121BRPK 20020814 12:20 -- -- -- -- -- -- -- -- -- -- -- 2,050 ±47 -- -- .61

412032106312701 16-081-20bad01 121BRPK 20020923 12:10 -- -- -- -- -- -- -- -- -- -- -- 1,030 ±36 -- -- .05

421341106541801 26-084-17aac01 122MOCN 20030504 15:40 -- -- -- -- -- -- -- -- -- -- -- 410 ±27 -- -- 51.0

421042106453701 26-083-34cab01 122MOCN 20030602 11:40 -- -- -- -- -- -- -- -- -- -- -- 2,840 ±55 -- -- 5.70

Lower Tertiary hydrogeologic units Lower Tertiary hydrogeologic units—Continued

415804107290101 23-089-17bcb01 124BSPG 20030503 17:00 -- -- -- -- -- -- -- -- -- -- -- 1,260 ±43 -- -- 9.71

410639106362201 13-082-10bcc01 124CLMN 20020924 13:00 2 ±.69 2 ±1.0 -- -- -- ±.02 .10 M ±.29 2,130 ±48 -- -- .18

413234106183401 18-079-07ddb01 124HANN 20030626 15:00 -- -- -- -- -- -- -- -- -- -- -- 2,470 ±60 -- -- .03

412551107531401 17-093-21cbd01 124TPTN 20020925 15:40 -- -- -- -- -- -- -- -- -- -- -- -- -- -- .42

410941107403001 14-091-30aba01 124WSTC 20020813 17:30 -- -- -- -- -- -- -- -- -- -- -- 680 ±30 -- -- .80

413854107520401 19-093-03cac01 124WSTC 20020927 18:20 -- -- -- -- -- -- -- -- -- -- -- -- -- -- .18

413221107520601 18-093-15bca01 124WSTC 20020925 18:20 -- -- -- -- -- -- -- -- -- -- -- 390 ±25 -- -- .05

412922107552801 18-093-31cac01 124WSTC 20021008 13:30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- .04

413853107342001 19-090-06dbd01 125FRUN 20021025 11:30 5 ±5.8 9 ±5.6 -- -- -- ±.12 .58 1 ±.49 560 ±32 -- -- .07

Upper Cretaceous hydrogeologic units Upper Cretaceous hydrogeologic units—Continued

420616107175501 25-088-25cda01 211CODY 20030506 17:00 -- -- -- -- -- -- -- -- -- -- -- 860 ±32 -- -- 5.00

420531107224501 25-088-32cac01 211CODY 20030601 12:00 -- -- -- -- -- -- -- -- -- -- -- 1,380 ±40 -- -- 12.1

420126107131001 24-087-28adc01 211CODY 20030601 17:00 -- -- -- -- -- -- -- -- -- -- -- 1,170 ±37 -- -- 3.02

415301107264301 22-089-15bb 01 211LNCE 20030603 16:30 -- -- -- -- -- -- -- -- -- -- -- 460 ±27 -- -- .52

414133106584701 20-085-21bcb01 211LWIS 20020808 09:20 -- -- -- -- -- -- -- -- -- -- -- 450 ±28 -- -- 42.7

415152107243901 22-089-23adc01 211LWIS 20030528 16:00 -- -- -- -- -- -- -- -- -- -- -- 470 ±27 -- -- 3.67

414001107115301 20-087-28abc01 211MVRD 20020807 11:10 -- -- -- -- -- -- -- -- -- -- -- 1,490 ±43 -- -- 3.50

414152107141201 20-087-19abc01 211MVRD 20020820 15:50 -- -- -- -- -- -- -- -- -- -- -- 180 ±21 -- -- .12
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USGS site- 
identification 

number
 Local well 

number

Hydro-
geologic 

unit

Sample 
date 

(yyyymmdd)

Sample 
start 
time  

(24 hour)

Alpha 
radio- 

activity,  
water, 

filtered, 
Thorium-
230 curve, 

pCi/L 
(P04126)

Alpha 
radio-

activity 
2-sigma 

combined 
uncer-
tainty, 
water, 

filtered, 
Thorium-
230 curve, 

pCi/L 
(P75987)

Gross beta 
radio- 

activity,  
water, 

filtered, 
Cesium-

137 curve, 
picocuries 

per liter 
P03515)

Beta 
radio-

activity 
2-sigma 

combined 
uncer-
tainty, 
water, 

filtered, 
Cesium-

137 curve, 
pCi/L 

(P75989)

Radium- 
224, 

water, 
filtered, 

pCi/L 
(P50833)

Radium- 
224 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P50834)

Radium-
226, water, 

filtered, 
pCi/L 

(P09503)

Radium- 
226 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P76001)

Radium-
226, water, 

filtered, 
radon 

method, 
pCi/L 

(P09511)

Radium-
228, water, 

filtered, 
pCi/L 

(P81366)

Radium- 
228 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P76000)

Radon-
222, water, 
unfiltered, 

pCi/L 
(P82303)

Radon-222 
2-sigma 

combined 
uncertain-
ty, water, 

unfiltered, 
pCi/L 

(P76002)

Tritium, 
water, 

unfiltered, 
pCi/L 

(P07000)

Tritium 
2-sigma 

combined 
uncertain-
ty, water, 

unfiltered, 
pCi/L 

(P75985)

Uranium 
(natural), 

water, 
filtered, 

mg/L 
(P22703)

Upper Cretaceous hydrogeologic units—Continued Upper Cretaceous hydrogeologic units—Continued

413807107024801 19-086-11bdd01 211MVRD 20020821 16:00 -- -- -- -- -- -- -- -- -- -- -- 420 ±28 -- -- 0.38

414320106540401 20-084-07bcc01 211MVRD 20020822 11:30 -- -- -- -- -- -- -- -- -- -- -- 1,260 ±48 -- -- 6.22

414027107013001 20-086-25dcb01 211MVRD 20020823 15:20 -- -- -- -- -- -- -- -- -- -- -- 90 ±26 -- -- .97

413831106091401 19-078-03ccc01 211MVRD 20030605 10:50 -- -- -- -- -- -- -- -- -- -- -- 980 ±31 -- -- 2.68

413438107005201 19-085-31bcc01 211STEL 20020815 16:00 -- -- -- -- -- -- -- -- -- -- -- 140 ±26 -- -- 3.77

413813106290901 19-081-10aca01 211STEL 20020817 12:50 -- -- -- -- -- -- -- -- -- -- -- 1,090 ±39 -- -- .08

413236107094301 18-087-11cdd01 211STEL 20020926 15:40 -- -- -- -- -- -- -- -- -- -- -- 70 ±26 -- -- 349

Lower Cretaceous hydrogeologic units Lower Cretaceous hydrogeologic units—Continued

420642106154701 25-079-26adb01 217CLVL 20030627 12:50 -- -- -- -- -- -- -- -- -- -- -- 6,940 ±87 -- -- 8.20

Triassic and Jurassic hydrogeologic units Triassic and Jurassic hydrogeologic units—Continued

415620106113301 23-078-29adb01 221SNDC 20030529 13:00 -- -- -- -- -- -- -- -- -- -- -- 670 ±40 -- -- .15

415753107210001 23-088-16cbb01 231CGTR 20030429 14:00 -- -- -- -- -- -- -- -- -- -- -- 2,010 ±46 -- -- 9.06

421057106204601 26-079-31ada01 231CGTR 20030627 18:10 -- -- -- -- -- -- -- -- -- -- -- 1,150 ±41 -- -- 7.58

Paleozoic hydrogeologic units Paleozoic hydrogeologic units—Continued

420244106205701 24-080-13ddc01 237GSEG 20030531 17:00 -- -- -- -- -- -- -- -- -- -- -- 280 ±28 -- -- 13.9

415742106125801 23-078-18dca01 237GSEG 20030602 15:30 -- -- -- -- -- -- -- -- -- -- -- 1,340 ±39 -- -- 11.5

415912106105101 23-078-09baa01 317TSLP 20030505 12:30 -- -- -- -- -- -- -- -- -- -- -- 120 ±20 -- -- E.02

420303106162701 24-079-15dba01 317TSLP 20030531 14:30 -- -- -- -- -- -- -- -- -- -- -- 650 ±34 -- -- 2.94

415338107185401 22-088-10adc01 331MDSN 20030604 09:00 -- -- -- -- -- -- -- -- -- -- -- 610 ±29 -- -- 2.26

Precambrian hydrogeologic units Precambrian hydrogeologic units—Continued

411220106454901 14-083-06ddb01 400PCMB 20020731 10:00 45.9 ±5.1 11.0 ±2.2 1 ±0.78 M ±0.13 -- 2 ±0.56 4,120 ±58 3 ±1.0 12.8

414718107160201 21-087-18cac01 400PCMB 20020806 12:40 25.4 ±4.0 7.8 ±2.3 M ±.44 M ±.17 -- 2 ±.60 3,790 ±64 9 ±1.0 7.05

421427106345501 26-081-07bad01 400PCMB 20030603 11:00 -- -- -- -- -- -- -- -- -- -- -- 2,340 ±51 -- -- 1.58

Appendix 6-6.  Radionuclides in ground-water samples collected during study.—Continued
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Appendix 6-6.  Radionuclides in ground-water samples collected during study.—Continued

USGS site- 
identification 

number
 Local well 

number

Hydro-
geologic 

unit

Sample 
date 

(yyyymmdd)

Sample 
start 
time  

(24 hour)

Alpha 
radio- 

activity,  
water, 

filtered, 
Thorium-
230 curve, 

pCi/L 
(P04126)

Alpha 
radio-

activity 
2-sigma 

combined 
uncer-
tainty, 
water, 

filtered, 
Thorium-
230 curve, 

pCi/L 
(P75987)

Gross beta 
radio- 

activity,  
water, 

filtered, 
Cesium-

137 curve, 
picocuries 

per liter 
P03515)

Beta 
radio-

activity 
2-sigma 

combined 
uncer-
tainty, 
water, 

filtered, 
Cesium-

137 curve, 
pCi/L 

(P75989)

Radium- 
224, 

water, 
filtered, 

pCi/L 
(P50833)

Radium- 
224 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P50834)

Radium-
226, water, 

filtered, 
pCi/L 

(P09503)

Radium- 
226 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P76001)

Radium-
226, water, 

filtered, 
radon 

method, 
pCi/L 

(P09511)

Radium-
228, water, 

filtered, 
pCi/L 

(P81366)

Radium- 
228 

2-sigma 
combined 
uncertain-
ty, water, 
filtered, 

pCi/L 
(P76000)

Radon-
222, water, 
unfiltered, 

pCi/L 
(P82303)

Radon-222 
2-sigma 

combined 
uncertain-
ty, water, 

unfiltered, 
pCi/L 

(P76002)

Tritium, 
water, 

unfiltered, 
pCi/L 

(P07000)

Tritium 
2-sigma 

combined 
uncertain-
ty, water, 

unfiltered, 
pCi/L 

(P75985)

Uranium 
(natural), 

water, 
filtered, 

mg/L 
(P22703)

Upper Cretaceous hydrogeologic units—Continued Upper Cretaceous hydrogeologic units—Continued

413807107024801 19-086-11bdd01 211MVRD 20020821 16:00 -- -- -- -- -- -- -- -- -- -- -- 420 ±28 -- -- 0.38

414320106540401 20-084-07bcc01 211MVRD 20020822 11:30 -- -- -- -- -- -- -- -- -- -- -- 1,260 ±48 -- -- 6.22

414027107013001 20-086-25dcb01 211MVRD 20020823 15:20 -- -- -- -- -- -- -- -- -- -- -- 90 ±26 -- -- .97

413831106091401 19-078-03ccc01 211MVRD 20030605 10:50 -- -- -- -- -- -- -- -- -- -- -- 980 ±31 -- -- 2.68

413438107005201 19-085-31bcc01 211STEL 20020815 16:00 -- -- -- -- -- -- -- -- -- -- -- 140 ±26 -- -- 3.77

413813106290901 19-081-10aca01 211STEL 20020817 12:50 -- -- -- -- -- -- -- -- -- -- -- 1,090 ±39 -- -- .08

413236107094301 18-087-11cdd01 211STEL 20020926 15:40 -- -- -- -- -- -- -- -- -- -- -- 70 ±26 -- -- 349

Lower Cretaceous hydrogeologic units Lower Cretaceous hydrogeologic units—Continued

420642106154701 25-079-26adb01 217CLVL 20030627 12:50 -- -- -- -- -- -- -- -- -- -- -- 6,940 ±87 -- -- 8.20

Triassic and Jurassic hydrogeologic units Triassic and Jurassic hydrogeologic units—Continued

415620106113301 23-078-29adb01 221SNDC 20030529 13:00 -- -- -- -- -- -- -- -- -- -- -- 670 ±40 -- -- .15

415753107210001 23-088-16cbb01 231CGTR 20030429 14:00 -- -- -- -- -- -- -- -- -- -- -- 2,010 ±46 -- -- 9.06

421057106204601 26-079-31ada01 231CGTR 20030627 18:10 -- -- -- -- -- -- -- -- -- -- -- 1,150 ±41 -- -- 7.58

Paleozoic hydrogeologic units Paleozoic hydrogeologic units—Continued

420244106205701 24-080-13ddc01 237GSEG 20030531 17:00 -- -- -- -- -- -- -- -- -- -- -- 280 ±28 -- -- 13.9

415742106125801 23-078-18dca01 237GSEG 20030602 15:30 -- -- -- -- -- -- -- -- -- -- -- 1,340 ±39 -- -- 11.5

415912106105101 23-078-09baa01 317TSLP 20030505 12:30 -- -- -- -- -- -- -- -- -- -- -- 120 ±20 -- -- E.02

420303106162701 24-079-15dba01 317TSLP 20030531 14:30 -- -- -- -- -- -- -- -- -- -- -- 650 ±34 -- -- 2.94

415338107185401 22-088-10adc01 331MDSN 20030604 09:00 -- -- -- -- -- -- -- -- -- -- -- 610 ±29 -- -- 2.26

Precambrian hydrogeologic units Precambrian hydrogeologic units—Continued

411220106454901 14-083-06ddb01 400PCMB 20020731 10:00 45.9 ±5.1 11.0 ±2.2 1 ±0.78 M ±0.13 -- 2 ±0.56 4,120 ±58 3 ±1.0 12.8

414718107160201 21-087-18cac01 400PCMB 20020806 12:40 25.4 ±4.0 7.8 ±2.3 M ±.44 M ±.17 -- 2 ±.60 3,790 ±64 9 ±1.0 7.05

421427106345501 26-081-07bad01 400PCMB 20030603 11:00 -- -- -- -- -- -- -- -- -- -- -- 2,340 ±51 -- -- 1.58
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D
A

R
D

 U
N

IT
S

A

11

MCL

SMCL ,
WYLS (lower limit) 

(lower limit)

SMCL

WYAG

WYLS

WYAG (upper limit)

WYAG (lower limit)

SMCL (upper limit),
WYLS (upper limit)

EXPLANATION

Number of samples

90th percentile

10th percentile

75th percentile

Median

25th percentile

Value outside 10th or 90th percentile
HYDROGEOLOGIC UNITS:
Quaternary; 

Tertiary;

Upper Cretaceous;

Lower Cretaceous;

Triassic and Jurassic;

Paleozoic and Precambrian;

QUAT

ALVM
SNDD

UPTR

MOCN
BRPK
WRVR
WGBD
WSTC
WDRV,
FRUN
HANN
FRRS

UPCR

LNCE
LWIS

ARDG
HCKM
CODY
STEL
SNNN
NBRR
FRNR

LWCR

MDDY
CLVL

LWMZ

MRSN
SNDC
NGGT
CGTR

PLZC

TSLP
MDSN
PCMB

, Quaternary unconsolidated 
deposits

, Alluvium
, Dune sand (eolian) deposits

, undifferentiated Miocene rocks
, Browns Park aquifer (Formation)
, White River aquifer (Formation)
, Wagon Bed aquifer (Formation)
, Wasatch aquifer (Formation)
 Wind River aquifer (Formation)

, Fort Union aquifer (Formation)
, Hanna aquifer (Formation)
, Ferris aquifer (Formation)

, Lance aquifer (Formation)
, Lewis Shale

, all Upper Cretaceous hydro-
  geologic units

, all Upper Tertiary hydrogeologic
  units

, Allen Ridge Formation
, Haystack Mountains Formation
, Cody Shale
, Steele Shale
, Shannon Sandstone
, Niobrara Formation
, Frontier aquifer (Formation)

, Muddy Sandstone
, Cloverly aquifer (Formation)

, all Triassic and Jurassic 
hydrogeologic units

, Morrison Formation
, Sundance aquifer (Formation)
, Nugget aquifer (Formation)
, Chugwater Formation

, Tensleep aquifer (Sandstone)
, Madison aquifer (Limestone)
, Precambrian hydrogeologic
  units

, all Paleozoic hydrogeologic
  units

U.S. Environmental Protection
  Agency (USEPA) Maximum
  Contaminant Level or proposed
  Lifetime Health Advisory Level

USEPA Secondary Maximum
  Contaminant Level

Wyoming Department of Environmental
  Quality (WDEQ) Class II ground-water
  standard for agricultural use

WDEQ Class III ground-water standard
  for livestock use

24 22

HYDROGEOLOGIC UNIT

, all Lower Cretaceous hydro-
  geologic units

MVRD

ALMD

, Mesaverde aquifer (Formation 
  or Group)
, Almond Formation

Appendix 7.  Boxplots showing concentrations of constituents in water samples 
collected from aquifers in hydrogeologic units, Carbon County, Wyoming.

Appendix 7-1.  Boxplots showing A, pH, B, total dissolved-solids concentrations, and C, sodium-adsorption ratios in samples 
from aquifers in hydrogeologic units in Carbon County, Wyoming.
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Appendix 7-1.  Boxplots showing A, pH, B, total dissolved-solids concentrations, and C, sodium-adsorption ratios in samples 
from aquifers in hydrogeologic units in Carbon County, Wyoming.—Continued
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Appendix 8.  Selected ground-water quality constituents in relation to well 
depth, Carbon County, Wyoming.

Appendix 8.  Kendall’s tau correlation coefficients and resulting probabilities (p-values) between constituents and well depth.

[TDS, total dissolved solids; bold text indicates statistically significant correlation with a p-value less than 0.05]

Hydrogeologic units Constituent
Number of 
samples Probability (p-value)

Kendall’s tau correlation 
coefficient

Quaternary unconsolidated 
deposits

Bicarbonate 31 0.8764 0.0194

Hardness 33 .7773 .0341

Calcium, dissolved 30 .217 -.1563

Magnesium, dissolved 30 .5126 -.0828

Sodium, dissolved 24 .3291 .1413

Potassium, dissolved 23 .6308 .0711

Chloride, dissolved 31 .1116 .1979

Sulfate, dissolved 32 .5319 .0766

Fluoride, dissolved 27 .3167 -.1339

TDS 32 .3657 .1109

Quaternary alluvium Bicarbonate 24 .98 -.0036

Hardness 26 .6244 .0677

Calcium, dissolved 23 .4547 -.1107

Magnesium, dissolved 23 .3763 -.1304

Sodium, dissolved 18 .6746 .0719

Potassium, dissolved 17 .5591 .1029

Chloride, dissolved 24 .53 .0906

Sulfate, dissolved 25 .869 .0233

Fluoride, dissolved 20 .0966 -.2632

TDS 25 .6209 .0700

All Upper Tertiary hydrogeologic 
units

Bicarbonate 60 .4512 -.0650

Hardness 73 .436 .0613

Calcium, dissolved 57 .4406 .0683

Magnesium, dissolved 57 .5242 .0564

Sodium, dissolved 64 .0033 .2465

Potassium, dissolved 58 .006 .2414

Chloride, dissolved 60 .0011 .2814

Sulfate, dissolved 72 .0103 .2034

Fluoride, dissolved 57 .0615 .1642

TDS 70 .0043 .2298
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Hydrogeologic units Constituent
Number of 
samples Probability (p-value)

Kendall’s tau correlation 
coefficient

Undifferentiated Miocene rocks Bicarbonate 12 0.9413 -0.0152

Hardness 12 .2376 .2424

Calcium, dissolved 12 .2105 .2576

Magnesium, dissolved 12 .2105 .2576

Sodium, dissolved 12 .3383 .1970

Potassium, dissolved 12 .0903 .3485

Chloride, dissolved 12 .1617 .2879

Sulfate, dissolved 12 .2105 .2576

Fluoride, dissolved 12 .2936 -.2121

TDS 12 .2105 .2576

Browns Park aquifer Bicarbonate 48 .7303 -.0337

Hardness 61 .6191 .0432

Calcium, dissolved 45 .7117 .0374

Magnesium, dissolved 45 .5964 .0535

Sodium, dissolved 52 .0075 .2519

Potassium, dissolved 46 .0379 .2077

Chloride, dissolved 48 .0065 .2660

Sulfate, dissolved 60 .0267 .1944

Fluoride, dissolved 45 .0175 .2374

TDS 58 .0133 .2208

All Lower Tertiary hydrogeologic 
units

Bicarbonate 108 0 .2714

Hardness 116 .2111 .0783

Calcium, dissolved 108 .761 .0197

Magnesium, dissolved 108 .6812 .0267

Sodium, dissolved 106 0 .3375

Potassium, dissolved 105 .0001 .2641

Chloride, dissolved 108 0 .2870

Sulfate, dissolved 112 .0039 .1840

Fluoride, dissolved 98 .1085 .1086

TDS 116 0 .3262

Appendix 8.  Kendall’s tau correlation coefficients and resulting probabilities (p-values) between constituents and well 
depth.—Continued
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Hydrogeologic units Constituent
Number of 
samples Probability (p-value)

Kendall’s tau correlation 
coefficient

White River aquifer Bicarbonate 15 0.3545 0.0762

Hardness 15 .2955 .0857

Calcium, dissolved 15 .2963 .0857

Magnesium, dissolved 15 .4867 .0571

Sodium, dissolved 15 .817 .0190

Potassium, dissolved 15 .8166 -.0190

Chloride, dissolved 15 1 .0000

Sulfate, dissolved 15 .6434 -.0381

Fluoride, dissolved 15 .283 .0857

TDS 15 .817 .0190

Wasatch aquifer Bicarbonate 11 .1599 .3273

Hardness 11 .8153 -.0545

Calcium, dissolved 11 .6394 -.1091

Magnesium, dissolved 11 .9379 -.0182

Sodium, dissolved 10 .4208 .2000

Potassium, dissolved 9 .4042 .2222

Chloride, dissolved 11 .5858 .1273

Sulfate, dissolved 11 .0102 -.6000

Fluoride, dissolved 8 .6207 -.1429

TDS 11 .5858 .1273

Wind River aquifer Bicarbonate 13 .0763 .3718

Hardness 13 .5403 -.1282

Calcium, dissolved 13 .3895 -.1795

Magnesium, dissolved 13 .6676 -.0897

Sodium, dissolved 13 .0143 .5128

Potassium, dissolved 13 .0572 .3974

Chloride, dissolved 13 .4624 .1538

Sulfate, dissolved 13 .7133 .0769

Fluoride, dissolved 13 .5331 -.1282

TDS 13 .2455 .2436

Hanna aquifer Bicarbonate 22 .6718 -.0649

Hardness 30 .0124 .3218

Calcium, dissolved 22 .5525 .0909

Magnesium, dissolved 22 .3513 .1429

Sodium, dissolved 22 .1573 .2165

Potassium, dissolved 22 .3225 .1515

Chloride, dissolved 22 .7561 .0476

Sulfate, dissolved 26 .0027 .4185

Fluoride, dissolved 22 .3629 .1385

TDS 30 0 .5471
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Hydrogeologic units Constituent
Number of 
samples Probability (p-value)

Kendall’s tau correlation 
coefficient

Fort Union aquifer Bicarbonate 11 0.1021 0.3818

Hardness 11 .4835 -.1636

Calcium, dissolved 11 .6971 -.0909

Magnesium, dissolved 11 .2115 -.2909

Sodium, dissolved 10 .1284 .3778

Potassium, dissolved 10 .0458 .4889

Chloride, dissolved 11 .1391 .3455

Sulfate, dissolved 11 .4835 .1636

TDS 11 .024 .5273

Ferris aquifer Bicarbonate 29 .7491 .0419

Hardness 29 .7777 -.0369

Calcium, dissolved 29 .5849 -.0714

Magnesium, dissolved 29 .7632 -.0394

Sodium, dissolved 29 .3763 .1158

Potassium, dissolved 29 .8213 .0296

Chloride, dissolved 29 .8066 -.0320

Sulfate, dissolved 29 .8506 -.0246

Fluoride, dissolved 29 .0697 .2340

TDS 29 .8507 .0246

All Upper Cretaceous 
hydrogeologic units

Bicarbonate 171 0 .3761

Hardness 174 .001 -.1676

Calcium, dissolved 170 .0106 -.1318

Magnesium, dissolved 170 0 -.2398

Sodium, dissolved 171 0 .4509

Potassium, dissolved 150 0 .3498

Chloride, dissolved 171 0 .4726

Sulfate, dissolved 172 0 -.3502

Fluoride, dissolved 55 .9006 .0114

TDS 174 0 .4175

Lewis Shale Bicarbonate 16 .1461 .2667

Hardness 16 .8557 -.0333

Calcium, dissolved 16 .4941 -.1250

Magnesium, dissolved 16 .8202 -.0417

Sodium, dissolved 16 .011 .4667

Potassium, dissolved 15 .1469 .2762

Chloride, dissolved 16 .011 .4667

Sulfate, dissolved 16 .3636 -.1667

Fluoride, dissolved 9 .2733 -.2778

TDS 16 .0456 .3667
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Hydrogeologic units Constituent
Number of 
samples Probability (p-value)

Kendall’s tau correlation 
coefficient

Mesaverde aquifer Bicarbonate 97 0 0.4070

Hardness 97 0.0145 -.1684

Calcium, dissolved 97 .0685 -.1254

Magnesium, dissolved 97 0 -.2848

Sodium, dissolved 96 0 .5252

Potassium, dissolved 87 0 .4237

Chloride, dissolved 97 0 .5159

Sulfate, dissolved 95 0 -.3095

Fluoride, dissolved 24 .072 .2609

TDS 97 0 .4961

Almond Formation Bicarbonate 11 .0423 .4727

Hardness 11 .8153 .0545

Calcium, dissolved 11 .6971 .0909

Magnesium, dissolved 11 .8153 .0545

Sodium, dissolved 11 .0516 .4545

Potassium, dissolved 11 .0356 .4909

Chloride, dissolved 11 .1183 .3636

Sulfate, dissolved 11 .5322 -.1455

TDS 11 .1021 .3818

Steele Shale Bicarbonate 11 .0658 .4182

Hardness 13 .2148 -.2564

Calcium, dissolved 11 .379 -.2000

Magnesium, dissolved 11 .6884 -.0909

Sodium, dissolved 12 .1235 .3333

Potassium, dissolved 9 .0797 .4444

Chloride, dissolved 11 .0204 .5273

Sulfate, dissolved 13 .1366 -.3077

Fluoride, dissolved 8 .6882 .1071

TDS 13 .2148 .2564

Shannon Sandstone Bicarbonate 10 .3252 .2444

Hardness 10 .6547 .1111

Calcium, dissolved 10 .8575 -.0444

Magnesium, dissolved 10 .3252 .2444

Sodium, dissolved 10 .0253 .5556

Potassium, dissolved 8 .8046 -.0714

Chloride, dissolved 10 .0253 .5556

Sulfate, dissolved 10 .0725 .4444

TDS 10 .0397 .5111
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Hydrogeologic units Constituent
Number of 
samples Probability (p-value)

Kendall’s tau correlation 
coefficient

Frontier aquifer Bicarbonate 18 0.272 0.1895

Hardness 18 .0045 .4902

Calcium, dissolved 17 .0107 .4559

Magnesium, dissolved 17 .0319 .3824

Sodium, dissolved 18 0 .7386

Potassium, dissolved 14 .0085 .5275

Chloride, dissolved 18 0 .7320

Sulfate, dissolved 18 .037 -.3595

TDS 18 .0002 .6340

All Lower Cretaceous 
hydrogeologic units

Bicarbonate 51 .022 .2212

Hardness 51 .2872 .1027

Calcium, dissolved 50 .4462 .0743

Magnesium, dissolved 50 .4917 .0669

Sodium, dissolved 50 .0943 .1633

Potassium, dissolved 24 .0113 .3696

Chloride, dissolved 51 .1673 .1333

Sulfate, dissolved 50 .0657 .1796

TDS 51 .0629 .1796

Muddy Sandstone Bicarbonate 14 .2983 .2088

Hardness 14 .7843 .0549

Calcium, dissolved 14 .7016 .0769

Magnesium, dissolved 14 .9563 .0110

Sodium, dissolved 14 .1124 .3187

Potassium, dissolved 10 .3692 .2222

Chloride, dissolved 14 .2503 .2308

Sulfate, dissolved 13 .6688 -.0897

TDS 14 .208 .2527

Cloverly aquifer Bicarbonate 14 .0037 .5824

Hardness 14 .1711 .2747

Calcium, dissolved 13 .1993 .2692

Magnesium, dissolved 13 .1127 .3333

Sodium, dissolved 13 .005 .5897

Chloride, dissolved 14 .0052 .5604

Sulfate, dissolved 14 .8695 .0330

TDS 14 .0026 .6044
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Hydrogeologic units Constituent
Number of 
samples Probability (p-value)

Kendall’s tau correlation 
coefficient

All Triassic and Jurassic 
hydrogeologic units

Bicarbonate 39 0.0144 0.2726

Hardness 39 .7345 .0378

Calcium, dissolved 39 .5856 .0607

Magnesium, dissolved 39 .7064 .0418

Sodium, dissolved 39 0 .4669

Potassium, dissolved 20 .0001 .6316

Chloride, dissolved 39 .0002 .4089

Sulfate, dissolved 38 .0453 .2262

TDS 39 .0002 .4224

Sundance aquifer Bicarbonate 16 .4436 .1417

Hardness 16 .7871 .0500

Calcium, dissolved 16 .7866 .0500

Magnesium, dissolved 16 .5849 .1000

Sodium, dissolved 16 .9641 .0083

Chloride, dissolved 16 .558 .1083

Sulfate, dissolved 16 .3219 .1833

TDS 16 .9283 .0167

Nugget aquifer Bicarbonate 14 .7016 -.0769

Hardness 14 .0248 .4506

Calcium, dissolved 14 .0052 .5604

Magnesium, dissolved 14 .1099 .3187

Sodium, dissolved 14 .0186 .4725

Chloride, dissolved 14 .6222 .0989

Sulfate, dissolved 13 .0009 .6923

TDS 14 .0138 .4945

All Paleozoic hydrogeologic 
units

Bicarbonate 71 .0294 .1763

Hardness 71 .155 .1151

Calcium, dissolved 71 .1197 .1260

Magnesium, dissolved 71 .2446 .0942

Sodium, dissolved 71 0 .4141

Potassium, dissolved 36 0 .6841

Chloride, dissolved 71 0 .4016

Sulfate, dissolved 71 .0015 .2575

Fluoride, dissolved 18 .003 .4379

TDS 71 0 .3666
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Hydrogeologic units Constituent
Number of 
samples Probability (p-value)

Kendall’s tau correlation 
coefficient

Tensleep aquifer Bicarbonate 52 0.0215 0.2195

Hardness 52 .8744 .0151

Calcium, dissolved 52 .7579 .0294

Magnesium, dissolved 52 .4021 .0799

Sodium, dissolved 52 .0001 .3748

Potassium, dissolved 23 0 .6798

Chloride, dissolved 52 .0001 .3658

Sulfate, dissolved 52 .0611 .1787

Fluoride, dissolved 10 .1215 .2889

TDS 52 .0008 .3205

Madison aquifer Bicarbonate 9 .5316 -.1667

Hardness 9 .0123 .6667

Calcium, dissolved 9 .0218 .6111

Magnesium, dissolved 9 .0953 .4444

Sodium, dissolved 9 .0371 .5556

Chloride, dissolved 9 .0218 .6111

Sulfate, dissolved 9 .0371 .5556

TDS 9 .0371 .5556
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