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National Water-Quality Assessment Program

The quality of the Nation’s water resources is integrally linked to the long-term availability of
water that is clean and safe for drinking and recreation and also suitable for industry, irrigation,
and habitat for fish and wildlife. Recognizing the need for long-term, nationwide assessments
of water resources, the U.S. Congress has appropriated funds since 1991 for the USGS to con-
duct the National Water-Quality Assessment (NAWQA) Program. Scientists in the NAWQA
Program work with partners in government, research, and public interest groups to assess the
status and spatial extent of water-quality conditions, how water quality changes with time,

and how human activities and natural factors affect water quality. This information is useful

for guiding water-management and protection strategies, research, and monitoring in different
hydrologic and land-use settings across the Nation.

Yellowstone River Basin

NAWQA Study Units—
Assessment schedule

[ 1991-95

[ ]1994-98

[ 19972001

[ INotyetscheduled
[77 ] High Plains Regional

Ground Water Study,
1999-2004

The Yellowstone River Basin is one of 51 water-quality assessments initiated since 1991.
Together, the 51 major river basins and aquifer systems, referred to as “Study Units,” include
water resources used by more than 60 percent of the population in watersheds that cover about
half of the land areas of the conterminous United States. Timing of the assessments varies
because of the Program’s rotational design, in which one-third of all Study Units are intensively
investigated for 3 to 4 years, with trends assessed every 10 years. As indicated on the map, the
Yellowstone River Basin is part of the third set of intensive investigations, which began in 1997.



What kind of water-quality information does the NAWQA
Program provide?

Water-quality assessments by a single program cannot possibly address all of the Nation’s
water-resources needs and issues. Therefore, it is necessary to define the context within which
NAWQA information is most useful.

 Total resource assessment—NAWQA assessments are long-term and interdisciplinary,
and include information on water chemistry, hydrology, land use, stream habitat, and
aquatic life. Assessments are not limited to a specific geographic area or water-resource
problem at a specific time. Therefore, the findings describe the general health of the total
water resource, as well as emerging water issues, thereby helping managers and decision
makers to set priorities.

* Source-water characterization—Assessments focus on the quality of the available,
untreated resource and thereby complement (rather than duplicate) Federal, State, and
local programs that monitor drinking water. Findings are compared to drinking-water
standards, guidelines for the protection of aquatic life, and health advisories as a way to
characterize the resource.

* Compounds studied—Assessments focus on chemical compounds that have well-estab-
lished methods of investigation. It is not financially or technically feasible to assess all
the contaminants in our Nation’s waters. In general, the NAWQA Program investigates
those pesticides, nutrients, volatile organic compounds, and metals that have been or are
currently used commonly in agricultural and urban areas across the Nation. A complete
list of compounds studied is on the NAWQA Web site at http.//water.usgs.gov/nawqa.

* Detection compared to risk—Compounds are measured at very low concentrations,
often 10 to 100 times lower than Federal or State standards and health advisories. Detec-
tion of compounds, therefore, does not necessarily translate to risks to human health or
aquatic life. However, these analyses are useful for identifying and evaluating emerging
issues, as well as for tracking contaminant levels over time.

e Multiple scales—Assessments are guided by a nationally consistent study design and
uniform methods of sampling and analysis. Findings thereby pertain not only to water
quality of a particular stream or aquifer, but also contribute to the larger picture of how
and why water quality varies regionally and nationally. This consistent, multiscale
approach helps to determine if a water-quality issue is isolated or pervasive. It also
allows direct comparisons of how human activities and natural processes affect water
quality in the Nation’s diverse environmental settings.
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“The Yellowstone River
Basin NAWQA program has
been beneficial to the State of
Wyoming, particularly to the
Department of Environmental
Quality’s water-quality moni-
toring and assessment efforts.

“The ecological, bacteria,
water-quality, and streamflow
data collected have provided
DEQ with the ability to assess
the water quality much more
comprehensively than what
would be possible with DEQ
data alone.”

Jeremy Zumberge, Monitoring
Program Supervisor, Wyoming
Department of Environmental Quality

“Information provided by the
Yellowstone NAWQA project
has been very useful to our
program. The Yellowstone
River periphyton study results
are a fundamental aspect of
DEQ’s fish and aquatic life
use impairment determina-
tions and a foundation for
nutrient total maximum daily
loads (TMDL) development.

“NAWQA Powder River data
have been a critical part of
trend analysis work. Without
that data, we would have had
very little recent information.”
Pat Newby, Water Quality Specialist,

Montana Department of
Environmental Quality

Introduction to this Report

This report contains the major findings of a 1999-2001 assessment of water quality in the
Yellowstone River Basin. It is one of a series of reports by the National Water-Quality Assess-
ment (NAWQA) Program that present major findings in 51 major river basins and aquifer
systems across the Nation.

In these reports, water quality is discussed in terms of local, State, and regional issues. Condi-
tions in a particular basin or aquifer system are compared to conditions found elsewhere and
to selected national benchmarks, such as those for drinking-water quality and the protection of
aquatic organisms.

This report is intended for individuals working with water-resource issues in Federal, State, or
local agencies, universities, public interest groups, or in the private sector. The information will
be useful in addressing a number of current issues, such as the effects of agricultural and urban
land use on water quality, human health, drinking water, source-water protection, hypoxia and
excessive growth of algae and plants, pesticide registration, and monitoring and sampling strat-
egies. This report also is for individuals who wish to know more about the quality of streams
and ground water in areas near where they live, and how that water quality compares to the
quality of water in other areas across the Nation.

The water-quality conditions in the Yellowstone River Basin summarized in this report are
discussed in detail in other reports that can be accessed from http.//wy.water.usgs.gov/YELL/
index.htm. Detailed technical information, data and analyses, collection and analytical method-
ology, models, graphs, and maps that support the findings presented in this report, in addition
to reports in this series from other basins, can be accessed from the national NAWQA Web site
(http://water.usgs.gov/nawqa).

Yellowstone Lake in Yellowstone National Park
(photograph by Gregory K. Boughton, U.S. Geological Survey).



Summary of Major Findings

Stream and River Highlights

The water quality of streams in the Yellowstone River
Basin largely is influenced by natural factors. Factors such
as geology and climate can cause concentrations of dissolved
solids, nutrients, and trace elements in streams to exceed
guidelines for protection of human health and aquatic life.
Although human activities also can influence concentrations
of those same water-quality characteristics, concentrations of
manufactured compounds such as pesticides generally were
low in streams, fish tissue, and bed sediment compared to
levels measured in other NAWQA Program studies across the
Nation. Human activities also can influence concentrations of
bacteria and aquatic biological communities.

* Concentrations of fecal coliform bacteria and Escherichia
coli, which are indicators of fecal matter from warm-
blooded animals, were higher in urban and agricultural
streams than in forested or rangeland streams. Almost
40 percent of bacteria concentrations exceeded the Federal
recreational criterion for moderate use (p. 7).

EXPLANATION

Land cover and land use

Water, perennial ice and
snow, or barren

Agricultural or developed

Grass and shrubland
Forested

National
Park

80 MILES

0 40 B80KILOMETERS

The Yellowstone River Basin covers 70,000 square miles in
Wyoming, Montana, and North Dakota. Population in the basin
is about 320,000; most communities are along river valleys in the
plains. Ninety-eight percent of the water used in the basin is for
irrigated crops. Ground water for domestic use in rural areas
typically comes from shallow wells completed in Quaternary and
Tertiary aquifers.

¢ Concentrations of total phosphorus in streams in the
basins and plains, such as the Clarks Fork Yellowstone,
Little Powder, and Powder Rivers, were elevated com-
pared to those measured in other streams across the
Nation, due in part to natural sources (p. 12). Phospho-
rus concentrations at most sampling sites exceeded the
Federal goal of 0.1 milligram per liter for minimizing
nuisance plant growth in flowing waters.

* Herbicides and their breakdown products were detected
frequently in streams, but at low concentrations compared
to national levels (p. 15). Organochlorine compounds
were detected in many fish tissue samples and in one bed-
sediment sample; concentrations generally were less than
guidelines for the protection of wildlife (p. 16).

» Concentrations of trace elements in surface and ground
water generally were less than guidelines for human
health, but concentrations of selenium in some water
samples indicated possible adverse effects to biota. Trace-
element concentrations in bed sediment from mineralized
areas (rock formations with high concentrations of miner-
als and trace elements) exceeded background levels and
were large enough to possibly affect aquatic life (p. 18).

* Biological communities are degraded in some segments of
the Yellowstone River. Algal, invertebrate, and fish com-
munities in the segments near Billings and Forsyth were
most affected (p. 20).

Major Influences on Streams

* Geology and land use (percentage of
rangeland in the drainage area)

e Runoff and ground-water discharge from
residential and agricultural areas

* Drought

Trends in Surface-Water Quality

A trend of increasing concentrations of sodium, chloride,
and sodium-absorption ratio in the Powder River during 1968
to 1988 was described by Cary (1991). A mathematical model
of the Powder River indicated dissolved-solids concentrations
were influenced by discharge of oil-production water to a
tributary, Salt Creek, during 1975 to 1988 (Lindner-Lunsford
and others, 1992). Although discharge of oil-production water
to Salt Creek has been reduced since 1988, the Powder River
is currently (2003) of interest because of potential effects to
water quality from discharge of water related to development
of coalbed methane for energy supplies.
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During the 1950s, water quality and aquatic life in the
Yellowstone River were severely degraded by wastewater
discharges from towns along the river (Bahls, 1976). Water-
quality and biological conditions in the Yellowstone River
improved during the 1970s, corresponding with improvements
in wastewater-treatment practices. Biological conditions in the
Yellowstone River in 2000 (p. 20) remain somewhat degraded,
but not to the extent described by Bahls (1976).

Selected Indicators of Stream-Water Quality

Small Streams Major Rivers

Mixed
Land Uses

Mineralized Undeveloped

Herbicides — —_
Insecticides — —

Nitrate

Total
phosphorus

4 4
Trace
elements . ,
in sediment?
Organo- '
chlorines
in fish tissue?

v

I Proportion of samples with detected concentrations
greater than or equal to health-related Federal
guidelines for drinking water, protection of aquatic life, or
the desired goal for preventing nuisance plant growth

Proportion of samples with detected concentrations less
than health-related Federal guidelines for drinking
water, protection of aquatic life, or the desired goal for
preventing nuisance plant growth

Proportion of samples with no detections

— Not assessed

1 Arsenic, mercury, and metals.
2DDT and PCBs.

Ground-Water Highlights

Natural factors such as geology, aquifer properties,
and ground-water recharge rates influence concentrations of
dissolved solids, radon, trace elements, and other aspects of
ground-water quality. Concentrations of dissolved solids in
water samples from the Quaternary aquifers and lower Tertiary
aquifers in the Yellowstone River Basin frequently exceeded
the Federal secondary drinking-water guideline of 500 mil-
ligrams per liter. Low-density developments, often referred to
as “rural ranchettes,” affect ground-water quality, but the water
generally is suitable for domestic use.

* Concentrations of radon in 52 of 54 ground-water samples
exceeded a proposed Federal drinking-water standard of
300 picocuries per liter. The radon concentrations also
were high compared to those measured in other ground-
water systems measured across the Nation (p. 9).

¢ Concentrations of bacteria, nitrate, and trace elements
in ground water generally were less than human-health
guidelines. Less than 10 percent of the measured nitrate
concentrations exceeded the Federal drinking-water stan-
dard of 10 milligrams per liter (p. 13).

» Pesticides were detected more often in the shallow
Quaternary aquifers than in the underlying lower Ter-
tiary aquifers. The pesticides most frequently detected in
ground water were atrazine and prometon (p. 14).

* Volatile organic compounds, many of which are associated
with gasoline, were detected frequently in samples from
the Quaternary aquifers and, to a lesser extent, the lower
Tertiary aquifers. The concentrations were low compared
to Federal drinking-water standards (p. 18).

Major Influences on Ground Water
* Geology

e Aquifer properties

* Irrigation

* Rural development

Trends in Ground-Water Quality

Many of the wells sampled for this study were new, so
historical data are not available. The data collected in this
study, however, will serve as a baseline against which any
future changes in ground-water quality can be measured. In
the rural ranchette study, age-dating techniques indicated
much of the water was recharged in the early 1990s or earlier,
so effects over the last 10 years may not be reflected in the
samples collected in 2001 (p. 18). Continued monitoring is
needed to track the effects of increasing development over
time.

Selected Indicators of Ground-Water Quality

Herbicides

Insecticides

Nitrate '
Arsenic

Radon ‘

[ | Proportion of samples with detected concentrations
greater than or equal to health-related Federal guide-
lines for drinking water

Proportion of samples with detected concentrations less
than health-related Federal guidelines for drinking water

Proportion of samples with no detections




Introduction to the Yellowstone River Basin

From its headwaters in Yellowstone National
Park and surrounding wilderness areas in Wyoming,
the Yellowstone River flows more than 700 miles
through Montana to its mouth at the Missouri River
in North Dakota (fig. 1). Population density in the
70,000-square-mile basin is sparse, about five people
per square mile on average. The largest city is Billings,
Mont. (metropolitan-area population of about 127,000
in 1999).

Diversion dams for irrigation canals along
the middle and lower Yellowstone River are
popular fishing spots but can impair fish
movement upstream (Graham and others,
1979) (photograph by David A. Peterson,
U.S. Geological Survey).
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Alfalfa, sugar beets, and other irrigated crops,
grown in about 4 percent of the basin, are common
in the river valleys and adjacent areas (photograph

by Ronald B. Zelt, U.S. Geological Survey).
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Base modified from U.S. Geological Survey
French voyagers called the Yellow- ~ “¢" et 120000001972
stone River “Roche Jaune,” which (e K ey,
was translated as “Yellowstone” in central meridian -107°30°

the journals of the 1805 Lewis and

Clark expedition (Linford, 1975)

(photograph by Suzanne C. Roberts,

U.S. Geological Survey).

EXPLANATION
Northwestern Great Plains
[ Middle Rockies
[ Wyoming Basin
[ Montana Valley and Foothill Prairies

EXPLANATION

Quaternary uncon-
solidated deposits

[ Tertiary sedimentary
rocks

Ecoregions (modified from Omernik, 1987). Generalized geology and selected structural features
(modified from Zelt and others, 1999).

Figure 1. The Yellowstone River drains nearly 70,000 square miles, including the Nation's first national park, vast areas of grass and
shrubland in the northwestern Great Plains and Wyoming Basin, forested areas in the Rocky Mountains, and small population centers,
such as Billings, Montana.
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The Yellowstone River Basin
encompasses four ecoregions (Omernik,
1987: Northwestern Great Plains,
Wyoming Basin, Middle Rockies, and
Montana Valley and Foothill Prairies).
Land cover throughout most of the basin
is grass and shrubland in the Northwest-
ern Great Plains and Wyoming Basin
ecoregions (fig. 1). Coniferous forests
and alpine areas in the Middle Rock-
ies ecoregion cover about 20 percent of
the basin, and land within Yellowstone
National Park represents less than 5 per-
cent of the total basin area. A small part
of the basin is in the Montana Valley
and Foothill Prairies ecoregion. Average
annual precipitation ranges from about 6
inches in the driest parts of the Wyo-
ming Basin to almost 60 inches in the
wettest parts of the Middle Rockies (Zelt
and others, 1999).

Surface-Water
Resources

The Yellowstone River is one of the
longest free-flowing rivers remaining in
the continental United States. Irriga-
tion diversion dams can be found in the
middle and lower sections of the river,
but there are no major impoundments on
the main stem. The Yellowstone River
changes from a cold, clear, mountain
river at the headwaters to a warmer,
more turbid river downstream on the

plains.

Major tributaries to the Yellow-
stone River include the Clarks Fork
Yellowstone River, Bighorn River,
Tongue River, and Powder River. The
tributaries can be divided into three
categories: mountain, basin, and plains
streams. The ecoregion is an important
factor in classification of the hydrologic
characteristics of the tributaries. Soda
Butte Creek and the upper reaches of the
Tongue River (mountain streams) are
part of the Middle Rockies ecoregion.
Drainage area of the mountain streams
is relatively small, and streamflow is
dominated by the melting of the annual
snowpack. The Clarks Fork Yellow-
stone River and Bighorn River (basin
streams) are part of the Wyoming Basin

Other uses,
surface water
and ground water—
115 million gallons per day

Irrigation, surface water—
6,337 million gallons
per day

Public and domestic use, surface water
and ground water—61 million gallons
per day

Irrigation use, ground water—
42 million gallons per day

Industrial use, surface water and
ground water—12 million gallons
per day

Figure 2. Surface water used for irrigation accounted for 98 percent of the aver-
age 6,452 million gallons per day of water used in the basin.

ecoregion. Drainage area is large, and
the flow from these streams contributes
substantially in total flow volume and in
per unit area to the Yellowstone River.
The Powder River and Little Powder
River (plains streams) are predominantly
in the Northwestern Great Plains
ecoregion. The flow cycle of plains
streams is affected more by local and
regional rain events than are the moun-
tain streams. Plains streams also contrib-
ute less flow to the Yellowstone River
per unit area than mountain streams.
The Bighorn River is the larg-
est tributary to the Yellowstone River
and represents about 32 percent of the
basin. Storage reservoirs with capacities
greater than 600,000 acre-feet, such as
Bighorn Lake and Boysen Reservoir, are
located on the Bighorn River or its tribu-
taries. Smaller reservoirs are located
on the Tongue River; the Clarks Fork
and Powder River are free-flowing. The
reservoirs are important from a water-
quality perspective because warm, turbid
water flowing into the reservoirs is

stored, and cold, clear water is released
below the dams.

Most water used in the basin is sur-
face water withdrawn to irrigate fields
located primarily in the river valleys and
nearby areas (fig. 2). The forested moun-
tains are the source of water for most
perennial streams, and the winter snow-
pack in the mountains strongly influ-
ences streamflow throughout the year.
The mountain streams are dominated by
a single annual snowmelt peak of mod-
erate duration during late spring or early
summer, with little variability in daily
flows throughout the year. Other streams
originate in the plains. Many of these
streams are intermittent or ephemeral,
and sporadic higher flows are the result
of local snowmelt or intense rainstorms.
Flow during dry periods originates from
ground water.

A reduced snowpack and drought
caused below-average streamflow during
much of the sample-collection period
(fig. 3). Annual mean streamflow at
some sampling sites in 2001 was the

901000 T ‘ T T T 1T T T 1T 17T ‘ T T T T T T T 17 17T ‘ T T T T 17 17T
Range (minimum to maximum) of historical data 1928-2001
Mean of historical daily streamflow 1928-2001
B Daily mean streamflow N
60,000 [— —

30,000

DAILY MEAN STREAMFLOW,
IN CUBIC FEET PER SECOND
T

1999

WATER YEAR

Figure 3. Flow of the Yellowstone River at Billings, Montana, water years 1999-2001.
Streamflows in the basin were above average in water year 1999 but were less than

average in 2000 and 2001.



lowest on record. At other sites, 2001
streamflow was the third or fourth low-
est on record. Periods of low streamflow,
such as during drought conditions, are
characterized by large contributions of
ground water, resulting in less dilution
by runoff and larger concentrations of
some dissolved constituents (p. 13).

Ground-Water Resources

The primary aquifers in the struc-
tural basins (for example, the Bighorn
Basin in fig. 1) are unconsolidated
deposits of Quaternary age and rocks of
lower Tertiary, Mesozoic, and Paleozoic
age. Rural residents often depend on
shallow wells (less than 500 feet) that
are completed in aquifers in Quaternary
unconsolidated deposits or lower Ter-
tiary consolidated sedimentary rocks.

The Quaternary unconsolidated
deposits, primarily composed of sand
and gravel interbedded with finer
grained silt and clay, are limited in
extent and occur mostly as alluvium or
terrace deposits adjacent to and above
narrow valleys along streams in the
Yellowstone River Basin. In contrast,
the lower Tertiary aquifers are wide-
spread and primarily are composed of
sandstone beds interbedded with fine-
grained rocks such as shale, claystone,
mudstone, or siltstone. The areal extent
of Quaternary unconsolidated-deposit
aquifers (Quaternary aquifers) coin-
cides with much of the rural population
and irrigated cropland, making these
aquifers particularly susceptible to the
effects from human activities at the land
surface.

Biological Resources

Cold-water fishes, including trout,
whitefish, and sculpin, dominate the fish
community of streams in the mountains
and foothills of the basin. The Yellow-
stone cutthroat trout is the only native
trout in the basin (Behnke, 1992) and is
one of about six fish species in the Yel-
lowstone River Basin of special concern
in the State of Montana. Other cold-

water native fishes commonly found in
the basin include mountain whitefish
and mottled sculpin (Baxter and Stone,
1995; Brown, 1971). Rainbow, brown,
and brook trout are all introduced spe-
cies. Native warm-water game fish such
as channel catfish and sauger occur in
many of the streams in the plains (Pat-
ton, 1997; and Hubert, 1993). Fish spe-
cies richness in the Yellowstone River
and other streams in the basin generally
increases downstream, from the moun-
tainous cold-water streams to the warm-
water plains streams.

White and Bramblett (1993)
described three zones of fish communi-
ties in the Yellowstone River. The upper
one-third of the Yellowstone River,
from the headwaters downstream to just
upstream from the mouth of the Clarks
Fork, is a cold-water zone inhabited by
16 fish species representing 6 families.
The transition zone of the Yellowstone
River extends downstream from Billings
and to the mouth of the Bighorn River;
30 fish species representing
7 families are resident. The lower Yel-
lowstone River contains a warm-water
fish community, including the only
federally listed endangered species in
the basin, the pallid sturgeon. Other fish
species of the warm-water zone of the
Yellowstone River include paddlefish,
several species of sucker, and various
species of native and introduced min-
nows and game fish, totaling 49 species
and 15 families.

Aquatic invertebrates (insects,
worms, snails, crayfish, and mussels),
algae, and substrate also follow a gradi-
ent from mountains to plains. In the
Yellowstone River, most invertebrate
species occupy only one or two zones,
but a few species of mayfly, stonefly,
and caddisfly larvae are found through-
out the length of the Yellowstone River
(Newell, 1977). Few species of mussels
are found in Montana, but indigenous
populations are largely intact (Gangloff
and Gustafson, 2000). An exotic species,
the New Zealand mudsnail, has invaded
Yellowstone National Park and has the
potential to substantially affect aquatic
ecosystems because of their high densi-
ties (Richards, 2002). The bed substrate
of the Yellowstone River changes from
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boulders and cobbles in the upper
reaches to predominantly gravel and
finer material in the lower reaches.

Water-Quality Issues

The quality of surface water and
ground water in the basin is affected by
natural factors and nonpoint source and
point-source contaminants associated
with human development. For example,
concentrations of trace elements (such
as arsenic) and major ions (such as
calcium and sulfate) in surface water and
ground water are influenced by geologic
factors, as are concentrations of sus-
pended sediment and total phosphorus
in surface water. Current water-quality
conditions also reflect human influences,
as indicated by the presence of pesticide
compounds in surface water, ground
water, bed sediment, and fish tissue.
Human and animal activities influence
concentrations of bacteria, nutrients,
suspended sediment, and other chemical
and physical characteristics. Discharge
of saline ground water from large-scale
coalbed methane production areas in
the Powder River Basin of Wyoming
potentially affects stream-water qual-
ity. Habitat characteristics also are of
interest; for example, the large floods on
the Yellowstone River during 1996 and
1997 prompted the State of Montana
to assess the long-term effects of bank
stabilization projects on the upper river
(Governor’s Upper Yellowstone River
Task Force, 2001).

Additional Information

For additional information about
the environmental setting and
stratification for site selection in
the NAWQA study of the Yel-
lowstone River Basin, see Zelt and
others (1999) or http://wy.water:
usgs.gov/YELL/htms/yellpubs.htm.
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Major Findings

Natural factors affect
surface and ground-
water chemistry

The diverse geology and climate
of the Yellowstone River Basin are
important factors affecting surface- and
ground-water chemistry, including con-
centrations of dissolved solids, radon,
nutrients, and trace elements. Through-
out this report, standards and guidelines
from various agencies and sources such
as the U.S. Environmental Protection
Agency (USEPA) (2002) drinking-
water standards are provided as a basis
for comparison, but are not intended in a
regulatory sense.

Mountain streams generally
are dilute, whereas naturally
occurring dissolved solids

in basin and plains streams
commonly exceed the Federal
drinking-water guideline

Dissolved minerals in mountain
streams, such as Soda Butte Creek in
Yellowstone National Park and the
Tongue River near Sheridan, Wyo., are
dominated by calcium and bicarbonate.
Median concentrations of dissolved sol-
ids for these streams are low (less than
140 mg/L [milligrams per liter]) (fig. 4).
During periods of snowmelt runoff in
late spring, concentrations of dissolved
solids are as low as 40 mg/L because of
dilution by the meltwater.

In contrast to mountain streams,
more than 95 percent of samples from
the plains streams—the Little Powder
and Powder Rivers—exceeded the
USEPA secondary drinking-water guide-
line for dissolved solids of 500 mg/L.
Secondary drinking-water guidelines
are not enforceable but are intended as
guides to esthetic values, such as taste
and odor. Sodium and sulfate generally
dominate the major ions of the Little
Powder River and the Powder River;
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Figure 4. Dissolved solids are lower in mountain streams than in basin or

plains streams.

chloride concentrations are substantially
higher in these streams than in mountain
streams. Evaporative salts that com-
monly accumulate on the soil surface in
the plains are flushed to streams during
runoff of precipitation.

Dissolved-solids concentrations
in basin streams and in the main stem
of the Yellowstone River are interme-
diate between those of mountain and
plains streams. Median concentrations
of dissolved solids on the Yellowstone
River increased from 152 mg/L near its
mountainous headwaters to 452 mg/L at
the farthest downstream site.

Land-use practices also
contribute dissolved solids to
streams

Although natural factors are
important, land-use practices, such as
irrigation and oil and gas development,
also contribute dissolved solids in the
Yellowstone River Basin (Lindner-
Lunsford and others, 1992). Effects
of coalbed methane development on
surface-water quality in the Tongue and
Powder River Basins (fig. 5), which
began in the late 1990s, are unclear.
Data collected in these basins under the
NAWQA Program prior to development

may serve as an important baseline for
assessing possible future water-quality
effects.

Ground-water chemistry in the
Quaternary and lower Tertiary
aquifers is naturally variable
and generally high in mineral
content

Calcium, sodium, bicarbonate, and
sulfate were the predominant major ions
in water from the Quaternary aquifers.
In the lower Tertiary aquifers, sodium,

Figure 5. Ground water discharged from
coalbed methane development in the
Powder River Basin commonly is stored in
surface impoundments (photograph by
Jon P. Mason, U.S. Geological Survey).
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Water from study unit aquifers was more mineralized

than water from other aquifers in the Nation

Concentrations of dissolved
solids in both aquifers sampled in
the Yellowstone River Basin were
higher than in most shallow wells
sampled elsewhere in the Nation.
The median concentrations of
dissolved solids of 956 mg/L for
samples from the Quaternary
aquifers and 1,302 mg/L for
samples from the lower Tertiary
aquifers were much higher than
the median of 280 mg/L from
2,391 domestic wells sampled
nationally as part of the NAWQA
Program from 1991 to 2001.
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bicarbonate, and sulfate were the most
common major ions. Water in both
aquifers with high concentrations of
dissolved solids often was dominated by
sodium and bicarbonate, particularly in
the lower Tertiary aquifers where natural
geochemical processes, such as cation
exchange and bacterially mediated sul-
fate reduction, are important.
Concentrations of dissolved solids
in water samples from the Quaternary
aquifers ranged from 128 to
24,300 mg/L, with a median of
956 mg/L. Waters from the lower
Tertiary aquifers generally were more
mineralized, ranging from 352 to
5,800 mg/L, with a median of
1,302 mg/L.
Concentrations of dissolved solids
in both aquifers frequently exceeded
the USEPA secondary drinking-water
guideline of 500 mg/L. The guideline
was exceeded in 18 of 25 wells in the
Quaternary aquifers and 27 of 29 wells
in the lower Tertiary aquifers. Despite
elevated concentrations, both of these
aquifers are commonly used for domes-
tic supplies. Many residents treat their
well water to reduce the dissolved solids
and improve the overall water quality.

Although natural factors control
mineral content, cropland practices such
as irrigation also are likely to contrib-
ute dissolved solids to ground water
underlying the Bighorn Basin. The
water table generally is shallow in both
aquifers in this part of the Yellowstone
River Basin, especially in the Quater-
nary aquifers. Salts from irrigation water
can accumulate in agricultural soils and
then be transported to aquifers following
subsequent rainfall or irrigation.

Coliform bacteria con-
centrations exceeded

Federal guidelines fre-
quently in streams, but
rarely in ground water

Coliform bacteria, including total
coliform, fecal coliform, and Esche-
richia coli (E. coli), are commonly used
to assess the sanitary quality of water
because their presence can indicate con-
tamination by fecal material. Although
coliform bacteria do not necessarily
cause illness, large concentrations of

coliform bacteria can indicate the pres-
ence of other pathogens that cause the
waterborne diseases gastroenteritis and
bacillary dysentery, typhoid fever, and
cholera (Myers and Sylvester, 1997).
The criteria for evaluating concentra-
tions of E. coli vary with intended use,
ranging from designated beaches to
infrequent full-body contact recreation
(U.S. Environmental Protection Agency,
1986).

Recommended Federal limits
for recreational contact were
frequently exceeded during
special coliform-bacteria study
of streams

Fecal coliform concentrations
exceeded USEPA’s single-sample
recommended limit of 400 col/100 mL
(colonies per 100 milliliters) for primary
contact recreation at 37 of 100 stream
sites in the Wind River, Bighorn River,
and Goose Creek (Sheridan area) Basins
in Wyoming. Similarly, 38 percent of the
samples contained E. coli concentrations
greater than USEPA’s single-sample
recommended limit of 298 col/100 mL
for moderate use, full-body contact
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What are coliform bacteria?

recreation, and 25 percent of the E. coli
concentrations exceeded the single-
sample recommended limit for infre-
quent use, full-body contact recreation
of 576 col/100 mL. Median concentra-
tions of fecal coliform and E. coli were
highest in urban and agricultural streams
(fig. 6), where likely sources of coliform
bacteria contamination include sew-

age treatment plants, agricultural and
domestic animal waste, wildlife waste,
and septic systems.
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Figure 6. Median concentrations of coli-
form bacteria were highest in urban and

agricultural areas.

Additional Information

For additional information about
the special coliform bacteria study,
see Clark and Gamper (2003) or
http://wy.water.usgs.gov/YELL/
htms/yellpubs.htm.

N o
S
X\

Coliform bacteria varied
seasonally in streams

Median monthly concentrations of
coliform bacteria generally increased
in the late spring through June or July
when peak concentrations occurred
(fig. 7) in Soda Butte Creek, and the Yel-
lowstone, Clarks Fork, Bighorn, Tongue,
Little Powder, and Powder Rivers. The
seasonal peak of more than
50 co0l/100 mL might result from
increased runoff associated with lowland
thunderstorms or snowmelt runoff.
Concentrations of coliform bacteria
declined in the late summer and fall, to
less than 20 col/100 mL, when overland

Escherichia coli
Fecal coliform
Total coliform

Coliform bacteria belong to the Enterobacte-
riaceae family of bacteria. The total coliform
group includes bacteria that are found in the

intestines of warm-blooded animals, as well

as those found in soils, on vegetation, and in
industrial waste. Fecal coliforms are a sub-

group of the total coliforms that generally are from fecal sources, but at least
one member of the fecal coliform group has been associated with industrial
waste sources (U.S. Environmental Protection Agency, 1986). Escherichia coli
is a specific subgroup of the fecal coliform group that is a natural inhabitant in
the gastrointestinal tract of warm-blooded animals. The presence of Esch-
erichia coli in recreational waters is direct evidence that fecal contamination
from humans or other warm-blooded animals has occurred (Dufour, 1984).

runoff was less frequent. Concentrations
of fecal coliform and E. coli for these
streams generally were less than recom-
mended limits for recreational contact
throughout the year. Fecal coliform
concentrations in four samples from

the Bighorn, Little Powder, and Powder
Rivers exceeded the recommended limit
of 400 col/100 mL. Of the 145 samples
collected, concentrations of E. coli in

11 samples exceeded the single-sample
limit of 298 col/100 mL and concentra-
tions in 6 samples exceeded the single-
sample limit of 576 col/100 mL from
the Clarks Fork, Bighorn, Little Powder,
and Powder Rivers. Eighty percent of
the samples that exceeded recommended
limits for E. coli were collected in the
summer. Recreational use of these
streams generally is infrequent; however,
the human health risk to exposure is
highest during the summer when contact
with waters is most likely to occur.

Coliform-bacteria concentra-
tions in ground water were low
compared to Federal guide-
lines

Total-coliform bacteria were
detected in samples from 3 of 28 rural
wells in Wyoming and Montana, and
these exceeded the USEPA drinking-
water standard of zero. No E. coli bac-
teria were detected in any well samples.
Bacteria in ground water might not be
a widespread issue in the basin, but
the data indicate some contamination.
Some domestic wells are not grouted
and are, therefore, more susceptible to
contamination from surface sources than
the sealed monitoring wells used in this
study.
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Figure 7. Median concentrations of coliform bacteria were highest in spring and summer.
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Radon concentrations in ground water were generally high

compared to rest of Nation

Radon is a colorless, odorless
radioactive gas that forms during the
decay of natural uranium in rocks
and soil. Concentrations of radon
are naturally elevated in water in
the Quaternary and lower Tertiary
aquifers sampled in the Yellow-
stone River Basin. The water flows
through volcanic rocks and some
types of sedimentary and metamor-
phic rocks that contain enriched
amounts of radium, a decay product
of uranium. Concentrations of radon
in 52 of 54 samples exceeded the
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Proposed U.S. Environmental Protection
Agency maximum contaminant level

——-— Proposed alternative U.S. Environmental
Protection Agency maximum contaminant
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Median concentrations of radon in water samples from Quaternary and Tertiary aqui-

USEPA proposed drinking-water stan- fers in the Yellowstone River Basin were higher than in other parts of the Nation.

dard of 300 pCi/L (picocuries per liter).

One sample exceeded the USEPA proposed alternative drinking-water standard for radon of 4,000 pCi/L. About 75 per-
cent of the ground-water samples collected in this study exceeded the national median of 470 pCi/L for radon in 2,078
domestic wells sampled in NAWQA studies across the Nation. Relatively high concentrations of radon also have been
noted in the Upper Colorado River Basin (Spahr and others, 2000) and the South Platte River Basin (Dennehy and others,
1998). Radon is second only to cigarette smoking in causing lung cancer in the United States (Cothern and Smith, 1987).

Nutrient concentrations
vary seasonally and in
relation to land use

Concentrations of total nitro-
gen were largest in rangeland
streams

Flow-weighted average concen-
trations (see inset on p. 10) of total nitro-
gen were 1.9 mg/L in the Little Powder
River and 2.6 mg/L in the Powder River
during 1999-2001, where the land
cover in each basin is about 80 percent
rangeland. The nitrogen in these streams
is mostly organic nitrogen and is cor-
related with large particulate organic
carbon concentrations. Concentrations
of total nitrogen were less than 1.6 mg/L
for other streams sampled, decreasing
proportionally with the percentage of
rangeland (fig. 8). The smallest concen-

trations of total nitrogen were measured
in predominantly forested basins. In a
nationwide model of contaminant trans-
port by Smith and others (1997) (fig. 9),
about 60 percent of the average total
nitrogen yield in the Yellowstone River
Basin was estimated to be from
nonagricultural sources. Nitrogen
contributed from rangeland is under the
nonagricultural source category in
figure 9.

Nitrate concentrations were larg-
est in the Clarks Fork Yellowstone and
Bighorn Rivers, both of which are basin
streams that drain a mix of residential,
agricultural, and undeveloped areas.
The average concentration of nitrate
at both sites was 0.38 mg/L (fig. 10).

In contrast, average concentrations of
nitrate for the mountain streams, Soda
Butte Creek and Tongue River, were less
than 0.08 mg/L, which is considered the
upper limit of naturally occurring con-
centrations for other undeveloped areas
of the Nation (Clark and others, 2000).
Concentrations of nitrate in the Yel-

lowstone River increased downstream
from an average of about 0.08 mg/L at
Corwin Springs to an average of greater
than 0.3 mg/L near Sidney (fig. 1).
Nitrate concentrations in the sam-
ples from the main-stem Yellowstone
River were largest during winter. The
median concentration of nitrate at four
sites on the Yellowstone River during
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Figure 8. Concentrations of total nitrogen
were largest in streams with most range-
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Figure 9. Sources of nitrogen and phospho-
rus in the Yellowstone River Basin were
predominantly nonagricultural, as esti-
mated from nationwide analysis using the
SPARROW model (Smith and others, 1997).

January was 0.38 mg/L (fig. 11). Median
concentrations in the Yellowstone River
were less than the minimum reporting
level during July and August. Lower
streamflow during winter results in less
dilution of nitrate-rich ground water dis-
charging to the stream. Uptake of nitrate
by algae—an important process during
summer that reduces concentrations in
stream water—is minimal during winter
when solar inputs are minimal and water
temperatures are near freezing.

Why are concentrations flow-weighted?

Nutrients and suspended sediment in streams are reported as flow-weighted
average concentrations in this report. The flow-weighted average is calculated
by first multiplying each sample concentration by its associated streamflow

CONCENTRATION OF
DISSOLVED NITRATE, IN

MILLIGRAMS PER LITER

Water Quality in the Yellowstone River Basin, Wyoming, Montana, and North Dakota, 1999-2001
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Figure 10. Concentrations of nitrate in mountain streams were less
than concentrations for other developed areas. Concentrations of
nitrate were largest in basin streams.
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Figure 11. Nitrate concentrations in the Yellowstone River were largest during the winter
and smallest during summer. Concentrations below reporting level are estimates.

Natural sources contribute
phosphorus and suspended
sediment to streams

Flow-weighted average concentra-
tions of phosphorus at three of four sam-
pling sites on the Yellowstone River and
in four tributary streams exceeded the
USEPA goal of 0.1 mg/L for minimizing
nuisance plant growth. Average con-

value, then dividing the sum of these products by the sum of the streamflows.
The result is a concentration that is representative of the annual mass of the
constituent transported by each stream. Flow-weighting concentrations is par-
ticularly important in a plains stream such as the Little Powder River, where
daily flows are low for most of the year and stormflows usually are large and
of short duration. For these streams, the flow-weighted average concentration
likely is substantially larger than a most-probable concentration for any given
day.

centrations of total phosphorus ranged
from 0.2 mg/L to 2.1 mg/L for predomi-
nantly (50 percent or greater) rangeland
streams.

Concentrations of phosphorus
in soils and sediments of the Western
United States are large relative to those
in the Eastern United States (Shacklette
and Boerngen, 1984) because phos-
phorus occurs naturally in the igneous
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Geothermal sources contribute nutrients and trace elements to the Yellowstone River

The flow-weighted average concentration of ammonia as nitrogen (hereinafter, ammonia) of 0.04 mg/L in the Yellowstone
River at Corwin Springs, near the headwaters, was about twice as large as the median flow-weighted average concentra-
tions in streams in other undeveloped areas of the Nation (graph A). Concentrations of ammonia in streams in undevel-
oped basins typically are closer to a background concentration of about 0.02 mg/L (Clark and others, 2000). One possible
source of the large concentrations of ammonia at the Corwin Springs site is leaching of organic-rich sedimentary rocks

by the high-temperature waters (D. Kirk Nordstrom, USGS, written commun., 2000; Love and Good, 1970). The larg-

est concentrations in the Yellowstone River at Corwin Springs (as high as 0.23 mg/L) occur in the fall and winter months
when inputs from geothermal sources are less diluted by surface runoff. Ammonia is common in many geothermal waters
of Yellowstone National Park, where concentrations greater than 600 mg/L have been measured in some springs (Ball and

others, 1998, p. 23).

Median concentrations of
dissolved arsenic in samples
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the concentration of arse-
nic—from Corwin Springs
to Sidney—probably result
from increased dilution by
tributary inflows.

and marine sedimentary rocks that are
prevalent. Phosphorus tends to attach to
soil sediment particles so that the trans-
port of these particles in suspension in
streams typically causes concentrations
of total phosphorus to increase with
increasing concentrations of suspended
sediment (U.S. Geological Survey,
1999). In the Yellowstone River Basin,
nonagricultural sources of phosphorus
(such as suspended sediment, although
sediment concentrations might be
affected indirectly by agriculture) were
estimated to have contributed about

65 percent of the total phosphorus yield;
human activities, such as fertilizer appli-
cations and raising stock, also contribute
phosphorus to streams (fig. 9).

S — |
NATIONAL NAWQA
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The sparse vegetative cover and
erodible soils in the basins and plains
areas contribute to larger suspended-
sediment concentrations in basin and
plains streams than in mountain streams
(fig. 12). Flow-weighted average
concentrations of suspended sediment
generally were proportional to the area
of rangeland in the stream drainage
(fig. 13), and were correlated with surf