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Ground-Water and Stream-Water Interaction in the

Owl Creek Basin, Wyoming

By Kathy Muller Ogle

ABSTRACT

Understanding the interaction of ground-
water and surface-water resources is vital to water
management when water availability is limited.
Inflow of ground water is the primary source of
water during stream base flow and water chemistry
of streams may be substantially affected by that
inflow of ground water. This report presents
results from a study to examine ground-water and
surface-water interaction in the Owl Creek Basin,
Wyoming completed by the U.S. Geological Sur-
vey in cooperation with the Northern Arapaho
Tribe and the Shoshone Tribe.

During a low flow period from Novem-
ber 13-17, 1991, streamflow measurements and
water-quality samples were collected at 16
selected sites along major streams and tributaries
in the Owl Creek Basin. The data were used to
identify stream reaches receiving ground-water
inflow and to examine causes of changes in stream
chemistry.

Three methods, streamflow measurements,
radon-222 activity load, and dissolved-solids load,
were used to identify stream reaches receiving
ground-water inflow. Streamflow measurements
identified three stream reaches receiving ground-
water inflow. Analysis of radon-222 activity load
identified five stream reaches receiving ground-
water inflow. Dissolved-solids load identified six
stream reaches receiving ground-water inflow.
When these three methods were combined, stream
reaches in two areas, the Embar Area and the Ther-
mopolis Anticline Area, were identified as receiv-
ing ground-water inflow.

The Embar Area and the Thermopolis Anti-
cline Area then were evaluated to determine the
source of increased chemical load in stream water.
Three potential sources were analyzed: tributary
inflow, variation in surficial geology, and presence
of anticlines. Two sources, tributary inflow and

surficial geology, were related to changes in isoto-
pic ratios and chemical load in the Embar Area. In
two reaches in the Embar Area, isotopic ratios of
oxygen-18/oxygen-16 (180/160), deuterium/
hydrogen (D/H), and sulfur-34/sulfur-32 (345/32S)
indicated that tributary inflow affected stream-
water chemistry. Increased chemical load of dis-
solved solids and dissolved sulfate in North Fork
and South Fork Owl Creek appear related to the
percentage of unconsolidated deposits of Quater-
nary age and deposits of Cretaceous and Jurassic
age in the drainage area.

In the Thermopolis Anticline Area, changes
in water chemistry in Owl Creek were not related
to tributary inflow, surficial geology, or anticlines.
The three tributaries flowing into Owl Creek in the
Thermopolis Anticline Area did not substantially
affect the isotopic ratios or contribute to the chem-
ical load. Changes in the chemical load were not
associated with changes in the surficial geology
between the stream-water sampling sites. Water
levels and chemical ratios indicate no ground-
water inflow from the Thermopolis Anticline geo-
thermal system to Owl Creek.

INTRODUCTION

Inflow of ground water is the primary source of
water during stream base flow. During dry periods, all
streamflow may be contributed by base flow (Todd,
1980). Literature related to base flow regression anal-
ysis was reviewed by Hall (1968). Hall noted that the
ground-water component of stream base flow has been
recognized since the 1840s and has been studied by a
large number of French, United States, and British
researchers.

Inflow of ground water may substantially affect
the water chemistry of streams. Stream water during
base flow periods generally contains larger concentra-
tions of dissolved chemical constituents than during
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other flow periods. An inverse relation between
streamflow and dissolved-solids concentration has
been observed (Hem, 1989).

Understanding the interaction of ground-water
and surface-water resources is vital to water manage-
ment when water availability is limited. The Owl
Creek Basin in Wyoming often experiences water
shortages in late summer and fall. Changes in water
quality in streams in the basin had been observed in a
previous study (Ogle, 1992). These water-quality
changes were sufficient to limit the suitability of the
water for some purposes. Additional study was needed
to identify whether those changes in stream-water qual-
ity were related to ground-water inflow. The work
described in this report is part of a cooperative study
between the U.S. Geological Survey and the Northern
Arapaho Tribe and the Shoshone Tribe.

Purpose And Scope

This report describes the ground-water and
stream-water interaction in the Owl Creek Basin, Wyo-
ming (fig.1). This report has two objectives. The first
objective is to identify stream reaches receiving
ground-water inflow. Streamflow, radon-222 activity
load, and dissolved-solids load were used to identify
these stream reaches. The second objective is to deter-
mine the sources of increased chemical load in stream
water. Changes in dissolved-solids load, isotopic
ratios, and a chemical ratio in stream water were eval-
uated in relation to inflow from tributaries, changes in
surficial geology, and presence of anticlines. The study
was limited to an evaluation of the stream system in the
middle and lower segments of the basin during low
flow, November 13 - 17, 1991.

, |
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Figure 1. Location of Owl Creek Basin.

Streamflow was measured and water-quality
samples were collected at 16 sites in the Owl Creek
Basin to identify stream reaches that were gaining or
losing water to the underlying ground-water system.
Water-quality data were collected from six wells and
five springs in or near the basin. The data collected
from the wells and springs were used to characterize
the water in the ground-water system. The stream-
water data then were compared with the ground-water
data to confirm the interaction between ground water
and stream water that was indicated by the surface-
water analysis.

Description Of Area

Owl Creek Basin, located in north-central Wyo-
ming (fig. 1), is topographically, geologically, and
hydrologically diverse. The topographic relief of the
area is dominated by the Owl Creek Mountains to the
south, the Absaroka Range to the west, and the valley
of Owl Creek and its major tributaries (fig. 2). The alti-
tude ranges from about 4,300 feet above sea level near
the mouth of the basin to about 12,518 feet above sea
level in the headwaters. The geology of the basin is
complex. Thirty surficial geologic units were prelimi-
narily mapped by Love and others (1979). Twenty-
nine synclines and anticlines, 33 faults, and 5 thrust
faults were identified in Ogle (1992) at a 1:100,000
scale based on previous geologic mapping in the area.
The climate, paralleling changes in altitude, varies
from steppe in the lower parts of the basin to alpine tun-
dra in the high mountainous areas (Martner, 1986).
Owl Creek drains about a 509 square mile (mi®) basin
and flows generally from west to east.

Based on the chemical quality of stream water,
the basin was subdivided (Ogle, 1992) into three dis-
tinct segments: upper, middle, and lower. The upper
segment was characterized by an average dissolved-
solids concentration of 171 mg/L (milligrams per liter),
the middle segment by an average of 566 mg/L, and the
lower segment by an average of 2,340 mg/L. Stream
water in each basin segment also had a different spe-
cific conductance to dissolved-solids concentration
relation and a different water type based on major ion
concentrations (Ogle, 1992). The average concentra-
tion of dissolved solids in the middle segment and the
average concentrations of dissolved solids and sulfate
in the lower segment exceeded the secondary maxi-
mum contaminant level of 500 mg/L for dissolved sol-
ids and 250 mg/L for sulfate established by U.S.
Environmental Protection Agency Drinking-Water
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Regulations (U.S. Environmental Protection Agency,
1990). A secondary maximum contaminant level is a
non-enforceable, aesthetically based, maximum con-

centration for contaminants in public drinking-water

supplies.

Acknowledgments

The assistance and support of the Northern Arap-
aho Tribe, the Shoshone Tribe, and the U.S. Bureau of
Indian Affairs are gratefully acknowledged. Assis-
tance by Gary Holt, Wind River Environmental Quality
Council, and Ed Shaffer, HD Ranch, in field data col-
lection was appreciated. Access to sampling sites by
residents and ranch managers was most helpful. Gary
Collins and John Washakie gave generously of their
time in directing the project in its initial stages.

DATA COLLECTION

Stream-water and ground-water sampling sites
were selected in the approximate lower two-thirds of
Owl Creek Basin where stream-water chemical
changes were observed in a previous study (Ogle,
1992). An initial field screening of 40 stream-water
sampling sites was made in October 1991. Streamflow
was estimated, and pH and specific conductance were
measured at each site during the field screening. Six-
teen of the 40 stream sites were selected (fig. 2) for
more detailed sampling. The selected sites are located
along major streams and at all tributaries between sam-
pling points on the major streams.

The 16 stream-water sampling sites were
selected at sections of the streams between riffles and
pools that were assumed, based on field conditions, to
be well mixed. During November 13 - 17, 1991,
instantaneous streamflow was measured, and water
samples were collected for analysis of pH, temperature,
specific conductance, radon-222 activity, selected ions,
trace elements, and isotopes. Stream sites were sam-
pled during low flow conditions; streamflow ranged
from about 0.02 to 18 cubic feet per second (ft3/s).
Streamflow was measured using methods described by
Rantz and others (1982).

Ground-water samples were collected for analy-
sis at six wells and five springs between September
1991 and March 1992 (fig. 2). Prior to sampling, water
was pumped from wells until the pH, temperature, and
specific conductance of the water stabilized. Water
samples were collected at the point of discharge for

wells and springs to minimize contact of the water with
the atmosphere and were analyzed for the same constit-
uents as the stream-water samples.

Water samples for chemical analysis were col-
lected and analyzed using procedures described in
Fishman and Friedman (1989). Radon-222 activities
were measured onsite using alpha-scintillation count-
ing cells and a Tennelec model AC/DC-DRC-MK 10
dual radon counting systf:m1 according to the method-
ology and calculations described by the U.S. Environ-
mental Protection Agency (1980). Details of the
radon-222 sampling procedure are described in Ogle
and Lee (1994). Water-quality analyses for major ions
and trace elements were completed by the U.S. Geo-
logical Survey (USGS) Laboratory in Arvada, Colo-
rado. Analysis of water samples included alkalinity
and dissolved concentrations of calcium, magnesium,
sodium, potassium, chloride, sulfate, fluoride, silica,
arsenic, boron, and lithium. Dissolved-solids concen-
trations were calculated from major-ion concentra-
tions. Tritium and oxygen-18/oxygen-16 (Bo/1%0),
and deuterium/hydrogen (D/H) isotopic ratios were
determined by the USGS Research Laboratory in
Reston, Virginia. The sulfur-34/sulfur-32 (3S/32S)
isotopic ratios were determined by the USGS Research
Laboratory in Lakewood, Colorado.

The area of each surficial geologic unit in the
drainage area above and between each stream-water
sampling site was calculated using a geologic map
(1:100,000 scale) from Ogle (1992) (table 1). Areas
were compiled for geologic units based on available
mapping in the area (Love and Christiansen, 1985;
Love and others, 1979; and Ogle, 1992) and similarity
of formations.

The location of anticlines was determined using
the same geologic map (1:100,000 scale) from Ogle
(1992). For this study, anticline locations were plotted
where the crestal plane of the anticline was inferred to
intersect the stream.

STREAM REACHES RECEIVING
GROUND-WATER INFLOW

The interaction of ground water with streams
theoretically can be characterized by four models. The
first is a no-interaction model, where water is not
exchanged between the stream and the ground water.

1Use of the brand names in this report is for identification
purposes only and does not constitute endorsement by the U.S.
Geological Survey.
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Table 1. Geologic units used in calculation of areas of surficial geologic units,

Ow/ Creek Basin, Wyoming

Geologic unit

System/Series

Unconsolidated deposits

(This unit includes bottomland, alluvial, terrace,

Quaternary

colluvial, pediment, landslide, and talus deposits)

Absaroka Volcanic Supergroup

Tertiary

(This unit includes the Wiggins, Tepee Trail, and Aycross

Formations)

" Cretaceous to Jurassic deposits

Cretaceous through the Jurassic

(This unit includes the Mesaverde Formation, Cody Shale,

Frontier Formation, Mowry Shale, Muddy

Sandstone, Thermopolis Shale, Cloverly Formation,
Morrison, Sundance, and Gypsum Spring Formations,

and Nugget Sandstone [Jurassic (?) and Upper

Triassic (?)])

Pre-Jurassic Deposits

Chugwater and Dinwoody Formations, and Phosphoria

Formation! and related rocks

Tensleep Sandstone and Amsden Formation

Madison Limestone and Darby Formation

Upper Ordovician to Middle Cambrian rocks

(Comprises Bighorn Dolomite, Gallatin Limestone, Gros

Ventre Formation, and Flathead Sandstone)

Igneous and metamorphic rocks

Triassic to Permian

Pennsylvanian to Upper
Mississippian

Upper and Lower Mississippian and
Upper Devonian

Upper Ordovician to Middle
Cambrian

Precambrian

In Wyoming, the Phosphoria Formation is synonymous with the Park City Formation

(Lane, 1973, p. 4)

The second is a losing-stream model, where water from
the stream discharges to the ground water. The third is
a gaining-stream model, where ground water dis-
charges to the stream. The fourth is a combination
gaining- and losing-stream model, where both condi-
tions occur within the reach. Only the gaining-stream
model and the combination gaining- and losing-stream
model are of interest in this study because they identify
stream reaches receiving ground-water inflow.

Adjacent upstream and downstream streamflow
measurements, radon-222 activity loads, and dissolved-
solids loads were compared to identify stream reaches
receiving ground-water inflow. The error associated
with streamflow measurements, radon-222 activity
measurements, and dissolved-solids loads was consid-
ered in the determination that an observed change was
ameasurable change. Only measurable changes, that is

changes greater than the associated measurement error,
were used to identify stream reaches receiving ground-
water inflow. Mixing calculations were used where
tributary inflow occurred, in order to evaluate change at
the next downstream sampling point.

A number of assumptions are inherent in this
analysis of the interaction of ground water and stream
water. Streamflow was assumed to approximate
steady-state conditions except for ground-water and
stream-water interactions. Evapotranspiration was
assumed to be negligible during the stream-water sam-
pling period. These two assumptions were supported
by the following site conditions: freezing temperatures
each night, negligible precipitation or runoff, dormant
period for vegetation, and sufficient time for major
effects of irrigation to dissipate. Also, radon-222 activ-
ity in a sample collected from the center of a well-
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mixed section of the stream was assumed to represent
the radon-222 activity of the stream water at that sam-
pling site. This assumption is supported by the work
completed by Lee and Hollyday (1991) who success-
fully used this sampling technique to determine
ground-water inflow to streams. Ground-water inflow
to the stream was assumed to have a higher concentra-
tion of radon-222 activity than streamflow. Lee and
Hollyday (1987) reported that ground water can con-
tain radon-222 activities ranging from two to four
orders of magnitude higher than radon-222 activities in
surface water. Ogle and Lee (1994) found samples in
this study to have a median of 373 picocuries per liter
(pCi/L) of radon-222 activity for the ground-water
samples and a median of 8 pCi/L of radon-222 activity
for the stream-water samples. Identification of stream
reaches with increased dissolved-solids load assumed
no major dissolution or precipitation of minerals in the
stream bed. A limitation of the study was that none of
the methods will detect ground-water inflow that is less
than the measurement error associated with the
method.

Streamflow Measurements

A common method to detect ground-water
inflow to a stream reach is the comparison of upstream
and downstream streamflow measurements. Stream-
flow measurements have accuracy limitations depend-
ing on equipment and streamflow conditions. Rantz
and others (1982) summarized some of the errors asso-
ciated with single discharge measurements and con-
cluded that if the standard recommended methods were
followed, two-thirds of the measured discharges would
have errors less than 2.2 percent. Specific site condi-
tions may increase that error. Detection of ground-
water inflow may be difficult from streamflow mea-
surements if the quantity of ground-water inflow is
small or if measurement errors associated with site
conditions are large.

Analysis of streamflow measurements identified
three stream reaches as receiving ground-water inflow
(fig. 3). The difference in flow at adjacent downstream
and upstream sites for each of the 16 stream-water sam-
pling sites was compared. An estimated error of 8 per-
cent, plus or minus, was assigned to each streamflow
measurement, in accordance with standard USGS
methodology. Ground-water inflow was identified
when the downstream measurement minus the associ-
ated 8-percent error was larger than the upstream mea-
surement plus the associated 8-percent error. If
tributary inflow occurred between the two sites, that
inflow, along with its associated measurement error,

was considered in evaluating an increase in stream-
flows. The stream reaches identified as receiving
ground-water inflow and the associated changes in
streamflow are listed in table 2.

Radon-222 Activity Measurements

Increased or stable radon-222 activities have
been successfully used in other studies to identify areas
of ground-water inflow (Lee and Hollyday, 1987 and
Rogers, 1958). Radon-222 is a product of the
uranium-238 decay series (Wanty and Schoen, 1991).
Radon-222 is a noble gas, with a half-life of 3.82 days
{Whittaker and others, 1987), and does not react with
other constituents in water; however, the gas does dis-
sipate into the atmosphere. Dissipation of the gas
results in a decreased radon-222 activity in stream
water downstream from the source. The rate of
decrease of radon-222 activity is dependent on factors
affecting the aeration of the water which were not
quantified in this study.

Analysis of radon-222 activity load identified
five stream reaches as receiving ground-water inflow
(fig. 3). Stream reaches identified as receiving ground-
water inflow and the associated changes in radon-222
activity and load are listed in table 3. Radon-222 activ-
ity load was calculated to allow this comparison.
Ground-water inflow to a stream reach was identified
by comparing the radon-222 activity load at adjacent
upstream and downstream sites. An increase in radon-
222 activity load in a stream reach indicated ground-
water inflow as its source. Likewise, if the radon-222
activity load at the downstream site was equal to the
radon-222 activity load at the upstream site, then addi-
tional radon-222 input from ground-water inflow was
indicated to replace the radon-222 gas that dissipated
over the reach. Mixing calculations were used where
tributary inflow occurred to determine any change at
the downstream sampling point. No conclusions can
be drawn from the data if the radon-222 activity load
was less at the downstream site than at the upstream
site because the rate of dissipation of radon-222 is
unknown. Measurement and counting errors were
associated with individual radon-222 activity measure-
ments (Ogle and Lee, 1994). The measurement errors
were considered in the analysis, and only stream
reaches where the increase in radon-222 activity load
was greater than the errors associated with the
measurements were identified as receiving ground-
water inflow. Ground-water samples had a median
radon-222 activity of 373 pCi/L, confirming there was
sufficient radon-222 activity in the ground water to pro-
vide additional radon-222 activity to the surface water.
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Table 2. Streamflow measurements, error calculations, and identification of sampling points with significant increases

in streamflow, Owl Creek Basin, Wyoming

[NA, not applicable; %, percent]

Flow, in cubic feet per second

Site number Significant
(fig. 2) Site name Minus 8%! Measured  Plus 8%>2 increase
SW-1 South Fork Owl Creek at bridge 0.69 0.75 0.81 NA
SW-2 South Fork Owl Creek at Embar 1.9 2.1 23 Yes
SW-3 Red Creek 4.2 4.6 5.0 NA
Adjusted for mixing SW-2 and SW-3 6.1 6.7 7.3 NA
SW-4 South Fork Owl Creek at trailer 6.3 6.8 7.3 No
SW-5 North Fork Owl Creek at bridge 5.0 54 5.8 NA
SW-6 North Fork Owl Creek at Section 31 4.8 5.2 5.6 No
SW-7 North Fork Owl Creek at knob 53 5.8 6.3 No
Adjusted for mixing of SW-4 and SW-7 12 13 14 NA
SW-8 Owl Creek at Arapahoe Ranch 15 16 17 Yes
SW-9 Owl Creek at Middleton School 12 13 14 No
SW-10 Owl Creek at steel bridge 3.7 4.0 43 No
SW-11 Pumpkin Draw .19 21 23 NA
SW-12 Pumpkin Creek .02 .02 .02 NA
SW-13 Mud Creek .06 .06 .06 NA
Adjusted for mixing of SW-10, SW-11, SW-12, and SW-13 4.0 43 4.6 NA
SW-14 Owl1 Creek at Highway 120 14 15 16 Yes
SW-15 Owl Creek at sand points 16 17 18 No
SW-16 Owl Creek at Pumping Station 17 18 19 No

!Calculated by reducing the measured flow by 8 percent. Resulting number was then rounded.
2Calculated by increasing the measured flow by 8 percent. Resulting number was then rounded.

Dissolved-Solids Load Measurements

Ground-water inflow to streams may affect the
chemical quality of stream water because ground water
commonly has a larger concentration of dissolved
chemicals than stream water. The chemical effect of
ground-water inflow on stream-water quality is most
significant during base flow periods. Chemical effects
produced by ground-water inflow were noted by
researchers from the 1940s through the 1960s. By the
late 1960s, the chemical effects of ground-water inflow
had been used to estimate quantities of ground-water
inflow (Hall, 1968).

Analysis of dissolved-solids load identified six
stream reaches as receiving ground-water inflow
(fig. 3). Stream reaches identified as receiving ground-
water inflow and the associated changes in dissolved-
solids load are listed in table 4. Dissolved-solids load

was calculated for each stream-water sampling site.
This calculation consisted of multiplying the stream-
flow by the concentration of the dissolved solids; the
result was the dissolved-solids load transported by the
stream at a specific site. The dissolved-solids load at
each stream-water sampling site was compared to the
load at the next downstream sampling site. Percentage
increases in dissolved-solids greater than 18 percent
were used to identify stream reaches receiving ground-
water inflow. When mixing of two streams or tributary
inflow occurred, the dissolved-solids load was calcu-
lated for each stream or tributary. The dissolved-solids
loads were summed and compared to the dissolved-
solids load calculated at the next downstream sampling
site. The general increase of dissolved-solids load in
stream-water samples collected in Owl Creek Basin is
illustrated in figure 4.

8 GROUND-WATER AND STREAM-WATER INTERACTION IN THE OWL CREEK BASIN



Table 3. Radon-222 activity, radon-222 activity load, analytical error, and identification of sampling points with significant
increases in radon-222 activity load, Owl Creek Basin, Wyoming

[NA, not applicable]

Radon-222 activity load, in
picocuries cubic feet per

liter second’

Site Radon-222 activity, in picocuries per liter
number Minus Analytical  Plus Minus Plus  Significant
(fig. 2) Site name error  Measured error error error Measured error increase

SW-1 South Fork Owl Creek 64 67 3 70 44 50 57 NA
at bridge

SW-2 South Fork Owl Creek 11 13 2 15 21 27 34 No
at Embar

SW-3 Red Creek 0 4 23 2.7 .0 1.8 14 NA

Adjusted for mixing SW-2 and SW-3 21 29 48 NA

SW-4 South Fork Owl Creek 8 9 1 10 50 61 73 Yes
at trailer

SW-5 North Fork Owl Creek 1.8 2.8 1.0 3.8 9.0 15 22 NA
at bridge

SW-6 North Fork Owl Creek 1.2 2.1 9 3.0 5.8 11 17 No
at Section 31

SW-7 North Fork Owl Creek 5 7 2 9 26 41 57 Yes
at knob

Adjusted for mixing of SW-4 and SW-7 76 102 130 NA

SW-8 Owl Creek at Arapahoe 2 1.2 1.0 2.2 3 19 37 No
Ranch

SW-9 Owl Creek at Middleton 5 6 1 7 60 78 98 Yes
School

SW-10 Ow]l Creek at steel 11 14 3 17 41 56 73 No
bridge

SW-11 Pumpkin Draw A 1.5 14 29 .0 3 g NA

Sw-12 Pumpkin Creek 64 66 2 68 1 1 1 NA

SW-13 Mud Creek 94 97 3 100 6 6 6 NA

Adjusted for mixing of SW-10, SW-11, SW-12, and SW-13 48 63 81 NA

Sw-14 Owl Creek at Highway 13 14 1 15 180 210 240 Yes
120

SW-15 Ow1l Creek at sand .0 1.2 1.8 3.0 .0 20 54 No
points

SW-16 Owl Creek at Pumping 9 11 2 13 150 200 250 Yes
Station

ICalculated by multiplying the radon-222 activity by the streamflow measurement. Resulting number was then rounded.

STREAM REACHES RECEIVING GROUND-WATER INFLOW
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Table 4. Dissolved-solids concentration, dissolved-solids load, and identification of sampling points with significant
increases in dissolved-solids load, Owl Creek Basin, Wyoming

[NA, not applicable]

Dissolved-
Dissolved solids load, in Percent
Site solids, in milligrams change in
number milligrams per cubic feet per dissolved- Significant
(fig. 2) Site name liter liter second’ solids load increase
SW-1 South Fork Owl Creek at bridge 1,560 1,170 NA NA
SW-2 South Fork Owl Creek at Embar 1,210 2,540 +117 Yes
SW-3 Red Creek 254 1,170 NA NA
Adjusted for mixing SW-2 and SW-3 3,710 NA NA
Sw-4 South Fork Owl Creek at trailer 683 4,640 +25 Yes
SW-5 North Fork Owl Creek at bridge 241 1,300 NA NA
SW-6 North Fork Owl Creek at Section 336 1,750 +34 Yes
31
SW-7 North Fork Owl Creek at knob 499 2,890 +65 Yes
Adjusted for mixing of SW-4 and SW-7 7,530 NA NA
SW-8 Owl Creek at Arapahoe Ranch 653 10,450 +39 Yes
SW-9 Owl Creek at Middleton School 843 10,960 +5 No
SW-10 Owl Creek at steel bridge 1,140 4,560 -58 No
SW-11 Pumpkin Draw 2,690 565 NA NA
SW-12 Pumpkin Creek 3,070 61 NA NA
SW-13 Mud Creek 1,230 74 NA NA
Adjusted for mixing of SW-10, SW-11, SW-12, and SW-13 5,260 NA NA
SW-14 Owl Creek at Highway 120 2,220 33,300 +533 Yes
SW-15 Owl Creek at sand points 1,960 33,320 <-1 No
SW-16 Owl Creek at Pumping Station 1,950 35,100 +5 No

ICalculated by multiplying the dissolved-solids concentration by the streamflow measurement. Resulting number was then rounded.

Dissolved-solids chemical load was assumed to
have an error of 18 percent, plus or minus. The 18 per-
cent error was based on two effects: an 8 percent error
associated with the streamflow measurement and a
10 percent error associated with the dissolved solids
concentrations. The 8 percent error, plus or minus,
associated with the streamflow measurement, was a
conservative estimate based on standard USGS meth-
odology. The 10 percent error, plus or minus, associ-
ated with the dissolved-solids concentration was based
on two pairs of duplicate samples, collected at stream-
water sampling sites SW-4 and SW-16. In the dupli-
cate samples, variation between concentrations of the
constituents used in the chemical load analysis ranged
from about 1 to 8 percent; thus, the 10 percent was a
conservative estimate.

10

Synthesis of Measurements

A total of eight stream reaches were identified as
receiving ground-water inflow by synthesizing or com-
bining the results of the three measurements used to
determine ground-water inflow: streamflow, radon-222
activity load, and dissolved-solids load. One stream
reach (SW-10 to SW-14) was identified by all three
measurements. Two stream reaches (SW-1 to SW-2
and SW-4, SW-7, to SW-8) were identified by stream-
flow measurements and dissolved-solids load. Two
stream reaches (SW-2 to SW-4 and SW-6 to SW-7)
were identified by radon-222 activity and dissolved-
solids load. Two stream reaches were identified only
by radon-222 activity load, and one stream reach was
identified only by dissolved-solids load.

GROUND-WATER AND STREAM-WATER INTERACTION IN THE OWL CREEK BASIN
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Figure 4. Dissolved-solids loads for stream-water sampling sites, November 13-17, 1991, Owl Creek

Basin, Wyoming.

The results of the three measurements were
evaluated for stream reaches where the results differed.
Two stream reaches (SW-8 to SW-9 and SW-15 to
SW-16) were identified only by radon-222 activity.
Streamflow in reach SW-15 to SW-16 increased, but
the increase was less than the estimated measurement
error. Reach SW-8 to SW-9 had a decrease in stream-
flow (table 2) but an increase in radon-222 activity
(table 3). A possible explanation for the differing
results of the two measurements might be that the reach
is a combination gaining and losing stream reach in
which there was a net loss. The inflow from ground
water, in part of the reach, would contribute to higher
radon-222 activity. This combination condition could
have resulted in decreased streamflow and an increase
in radon-222 activity.

Ground-water inflow to one stream reach (SW-5
to SW-6) was identified only by increased dissolved-
solids load. On the basis of field observations, the

reach had sections of turbulent flow that might have
increased the dissipation of radon-222 activity, result-
ing in lower activities. The difference in streamflow
measurements between SW-5 and SW-6 was small.

Based on a synthesis of reaches of streams inde-
pendently identified as receiving ground-water inflow
using streamflow, radon-222 activity load, and
dissolved-solids load, the Embar Area and the Ther-
mopolis Anticline Area (fig. 5) were identified as areas
of ground-water inflow to streams. All reaches identi-
fied by at least one type of measurement as receiving
ground-water inflow were included in the two areas
except the two reaches identified only by radon-222
measurements (SW-8 to SW-9 and SW-15 to SW-16).
The two reaches identified only by radon-222 were not
considered because one reach had a substantial
decrease in streamflow and both reaches had changes
in dissolved-solids load less than the percentage error
of estimate.

STREAM REACHES RECEIVING GROUND-WATER INFLOW 11



Two stream reaches were identified as not receiv-
ing ground-water inflow. Reach SW-9 to SW-10 was
losing streamflow to ground water. Streamflow and
dissolved-solids load measurements indicated a gain-
ing reach for SW-14 to SW-15, but the increases were
less than the estimated measurement error.

INCREASED CHEMICAL LOAD IN
STREAM WATER

Stream reaches shown to receive ground-water
inflow by individual measurements were synthesized
to identify the Embar Area and the Thermopolis Anti-
cline Area where streams received ground-water
inflow. Potential sources of increased chemical load
were examined in those two areas. Changes in chemi-
cal load, isotopic ratios, and chemical ratios in stream
water were evaluated in relation to tributary inflow,
surficial geology, and presence of anticlines in the
Embar Area and the Thermopolis Anticline Area. Mix-
ing of two waters of different chemical quality gener-
ally results in a water of intermediate chemical quality
downstream (Fritz, 1981). Isotopic ratios often may be
used as signatures to quantify the effect of tributary
inflow if the tributary has different isotopic ratios than
the main stream. Linear mixing calculations were used
to examine the effect of tributary inflow.

Ground water discharging to streams from surfi-
cial geologic units was postulated as a possible source
of increased chemical load in the streams of Owl Creek
Basin. Some sediments, occurring naturally or through
weathering processes, have soluble minerals that may
be dissolved by ground water. Thus, the chemical qual-
ity of ground water commonly reflects the geology of
the rocks through which the water flows. If the ground
water then discharges into streams, the water chemistry
of the streams may be affected. Kalkhoff (1993) deter-
mined a relation between some water-quality proper-
ties and constituents in Roberts Creek in Clayton
County, Iowa, and the underlying geology. Drever
(1982) reported that stream-water chemistry generally
reflects the chemical composition of the near-surface
ground water. See and others (1992) determined that
median selenium discharge correlated with total area,
area of the Cody Shale of Cretaceous age, or alluvium
of Quaternary age derived from the Cody Shale. For
Owl Creek Basin, where increases in chemical loading
appeared to be directly related to the percentage of the
drainage area underlain by a geologic unit located

between sampling sites, the increase might be caused
by ground water associated with the geologic unit.

Ground water flowing from deeper bedrock aqui-
fers through secondary permeability, associated with
anticlines, and discharging into Owl Creek was postu-
lated as a possible source of increased chemical loads.
In Owl Creek Basin, several large anticlines have been
mapped (Spencer, 1986; Heasler, 1985; and Hinckley
and others, 1982) and identified as having increased
secondary permeability due to fracturing. Hinckley
and others (1982) indicated that secondary permeabil-
ity allows interconnection between several bedrock
aquifers in the Thermopolis Anticline and determined
that ground water in the Thermopolis Anticline geo-
thermal system likely originates in the Madison Lime-
stone of Mississippian age, flows upward through
fractures or faults, and discharges at land surface in the
Thermopolis Hot Springs area. Water collected at
stream sampling sites located above and below where
the streams cross the anticlines in the Embar Area and
the Thermopolis Anticline Area was analyzed to deter-
mine if chemical load, isotopic ratios, and chemical
ratios were related to the presence of anticlines. Dis-
solved solids and sulfate load, differences in the isoto-
pic ratios of 180y 16O, D/H, and 34S/?’ZS, and lithium to
chloride chemical ratios were used to examine if
changes in stream water might be related to deeper
ground-water flow at anticlines.

Embar Area

The Embar Area (fig. 5) includes the down-
stream reaches of North Fork and South Fork Owl
Creek, part of the downstream reach of Red Creek, and
a small part of the upstream reach of Owl Creek. North
Fork Owl Creek, with a drainage area of about 100 mi?,
is related to the stream-water sampling sites in the fol-
lowing manner: 75 percent is above stream-water sam-
pling site SW-5, 17 percent is between SW-5 and
SW-6, and 8 percent is between SW-6 and SW-7
(fig. 6). South Fork Owl Creek, with a drainage area of
about 126 mi2, is related to the stream-water sampling
sites in the following manner: 89 percent is above
SW-1, 2 percent is between SW-1 and SW-2, and
9 percent is between SW-2 and SW-4 (fig. 7). Red
Creek, with a drainage area of about 42 miz, flows into
South Fork Owl Creek between sampling sites SW-2
and SW-4 (figs. 5 and 7).

12 GROUND-WATER AND STREAM-WATER INTERACTION IN THE OWL CREEK BASIN
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The increase in chemical loading in Owl Creek,
as it flowed through the Thermopolis Anticline area,
was not related to tributary inflow, surficial geology, or
the anticline. Possibly, a complex relation between the
unconsolidated deposits and the Thermopolis Anticline
resulted in the increased chemical load to Owl Creek.
Water discharge from the unconsolidated deposits may
be caused by the physical constriction of the Thermop-
olis Anticline on the ground-water flow system. Owl
Creek, between the Embar Area and the Thermopolis
Anticline Areas, was a losing stream. Streamflow
decreased from 16 ft>/s at SW-8, to 13 ft>/s at SW-9, to
4.0 ft3/s at SW-10 (table 2 and fig. 2). Streamflow
increased from 4.0 ft>/s at SW-10, to 15 ft3/s at SW-14
(table 2 and fig. 2). Thus, about an equal amount of
flow was gained in the Thermopolis Anticline Area as
was lost between the Embar and Thermopolis Anticline
Areas. Unconsolidated deposits are up to 5 miles wide
between the two areas (Cooley and Head, 1982). Inthe
Thermopolis Anticline Area, however, Owl Creek cuts
through the Thermopolis Anticline, and the width of-
unconsolidated deposits available for the ground-water
flow is limited. Perhaps ground water is being forced
back into the stream in the Thermopolis Anticline
Area. Examination of this more complex hypothesis
was beyond the scope of this study.

SUMMARY

Ground water may contribute substantial inflow
to streams during base flow periods and this inflow may
affect the water chemistry of streams. The objectives
of this study were to identify stream reaches receiving
ground-water inflow and to determine the source of
increased chemical load in stream water. Stream
reaches receiving ground-water inflow were identified
using streamflow measurements, radon-222 activity
load, and dissolved-solids load. Three potential
sources of increased chemical load were analyzed: trib-
utary inflow, variation in surficial geology, and pres-
ence of anticlines. A previous study in the Owl Creek
Basin, Wyoming, identified two areas where changes in
stream-water quality occurred.

An initial field screening of 40 stream-water
sampling sites was completed in October 1991 in the
Owl Creek Basin. Sixteen of the 40 sites were selected
for streamflow measurements, radon-222 activity mea-
surements, and water-quality sampling. Measurements
were made and samples were collected during low-
flow conditions November 13 - 17, 1991. For compar-

ative purposes, water from six wells and five springs
also was sampled in the basin.

Eight reaches were identified as receiving
ground-water inflow using streamflow measurements,
radon-222 activity load, and dissolved-solids load.
Streamflow measurements identified three stream
reaches receiving ground-water inflow. Analysis of
radon-222 activity load identified five reaches receiv-
ing ground-water inflow. Dissolved-solids load identi-
fied six reaches receiving ground-water inflow. The
stream reaches identified by those individual analyses
were synthesized to identify two areas of ground-water
inflow, the Embar Area and the Thermopolis Anticline
Area. These areas were evaluated to determine the
sources of increased chemical loads in stream water.

In the Embar Area, two factors, tributary inflow
and surficial geology, were related to increased chemi-
cal loading. Isotopic ratios of 180/160, D/H, and
345/32S indicated tributary inflow affected stream-
water chemistry where Red Creek flows into South
Fork Ow! Creek and at the confluence of North Fork
and South Fork Owl Creek. Increased loads of dis-
solved solids and sulfates were related to an increase in
the percentage of unconsolidated deposits of Quater-
nary age and deposits of Cretaceous and Jurassic age in
the drainage area between the stream-water sampling
sites on both North Fork and South Fork Owl Creek.
The Owl Creek Anticline in the Embar Area did not
appear to be associated with increased chemical load in
stream water.

In the Thermopolis Anticline Area, changes in
water chemistry in Owl Creek did not relate to tributary
inflow, to surficial geology, or to ground-water flow
from the Thermopolis Anticline geothermal system.
Mixing of stream water from tributaries with Owl
Creek occurred in the Thermopolis Anticline Area, but
the effect of the mixing was too small to account for
increases in chemical loading observed in the area.
Plots of chemical load did not indicate a direct relation
to changes in surficial geology. Inflow of ground water
from the geothermal system had been postulated as a
source of the increase in chemical load in Owl Creek.
Projected water levels in the geothermal system, how-
ever, were approximately 147 feet below the stream,
and the lithium to chloride ratio did not indicate inflow
of water from the geothermal system. The increase in
chemical loading might be due to ground water being
forced back into the stream from unconsolidated
deposits by the physical constriction of the Thermopo-
lis Anticline on the ground-water flow system. How-
ever, examination of this more complex hypothesis was
beyond the scope of this study.
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