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Characterization of Interactions between Surface Water 
and Near-Stream Groundwater along Fish Creek, Teton 
County, Wyoming, by Using Heat as a Tracer

By Cheryl A. Eddy-Miller, Jerrod D. Wheeler, and Hedeff I. Essaid

Abstract

Fish Creek, a tributary of the Snake River, is about 
25 river kilometers long and is located in Teton County in 
western Wyoming near the town of Wilson. Local residents 
began observing an increase in the growth of algae and aquatic 
plants in the stream during the last decade. Due to the known 
importance of groundwater to surface water in the area, the 
U.S. Geological Survey (USGS), in cooperation with the Teton 
Conservation District, conducted a study to characterize the 
interactions between surface water and near-stream ground
water along Fish Creek.

The study has two main objectives: (1) develop an 
improved spatial and temporal understanding of water flow 
(fluxes) between surface water and groundwater, and (2) use a 
two-dimensional groundwater-flow and heat-transport model 
to interpret observed temperature and hydraulic-head distribu-
tions and to describe groundwater flow near Fish Creek. The 
study is intended to augment hydrologic information derived 
from previously published results of a seepage investiga-
tion on Fish Creek. Seepage measurements provide spatially 
averaged gains and losses over an entire reach for one point 
in time, whereas continuous temperature and water-level 
measurements provide continuous estimates of gain and loss at 
a specific location.

Stage, water-level, and temperature data were collected 
from surface water and from piezometers completed in an 
alluvial aquifer at three cross sections on Fish Creek at Teton 
Village, Resor’s Bridge, and Wilson from October 2004 to 
October 2006. The flow and energy (heat) transport model 
VS2DH was used to simulate flow through the streambed of 
Fish Creek at the Teton Village cross section from April 15 to 
October 14, 2006, (183 recharge periods) and at the Resor’s 
Bridge and Wilson cross sections from June 6, 2005, to 
October 14, 2006 (496 recharge periods). A trial-and-error 
technique was used to determine the best match between 
simulated and measured data. These results were then used to 
calibrate the cross-sectional models and determine horizontal 
and vertical hydraulic conductivities. The fluxes of ground
water into the stream or fluxes of stream water into the alluvial 

aquifer were estimated by using the calibrated VS2DH model 
for each cross section.

Results of the simulations indicated that surface water/
groundwater interaction and hydraulic properties were differ-
ent at the three cross sections. At the most upstream cross 
section, Teton Village, Fish Creek flowed intermittently and 
continually gained relatively large quantities of water from 
April through September. During other times of the year, the 
stream was dry near the cross section. Saturated hydraulic 
conductivity set at 1x10-4 m/s in both the horizontal and verti-
cal directions resulted in the best match between simulated 
and measured temperatures. The Resor’s Bridge cross section, 
about midway between the other two cross sections, was near 
the point where perennial flow begins. At this cross section, 
the stream gained water from groundwater during high flow 
in late spring and summer, was near equilibrium with ground-
water during August and September, and lost water to ground-
water during the remainder of the year. Horizontal hydraulic 
conductivity set at 5x10-5 m/s and vertical hydraulic conductiv-
ity set at 1x10-5 m/s resulted in the best match between simu-
lated and measured temperatures. The Wilson cross section, 
the most downstream site, was at USGS streamflow-gaging 
station 13016450. This part of the stream is perennial and was 
almost always gaining a small volume of water from ground-
water. Saturated hydraulic conductivity set at 1x10-4 m/s in the 
horizontal direction and at 5x10-6 m/s in the vertical direction 
resulted in the best match between simulated and measured 
temperatures.

Quantitative values of the flux from groundwater into 
surface water were estimated by using VS2DH and ranged 
from 1.1 to 6.6 cubic meters per day (m3/d) at the Teton 
Village cross section, from -3.8 to 7.4 m3/d at the Resor’s 
Bridge cross section, and from 0.1 to 1.2 m3/d at the Wilson 
cross section. Monthly fluxes ranged from 16 to 199 cubic 
meters per month (m3/month) at the Teton Village cross 
section, from -114 to 222 m3/month at the Resor’s Bridge 
cross section, and from 3 to 33 m3/month at the Wilson cross 
section.

Specifically, the Teton Village reach is strongly influ-
enced by two factors: (1) snowmelt in the basin directly 
upstream and (2) large fluctuations in the water table. The 
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Resor’s Bridge reach is influenced by a combination of (1) a 
rise in groundwater level likely due to both infiltration of 
valley snowmelt and recharge to the alluvial aquifer along 
the west bank from the higher stage of the Snake River, (2) a 
snowmelt pulse from the mountain range to the west, and 
(3) recharge from irrigation water infiltration. Summer stream-
flows in the Wilson reach are maintained by streamflow in the 
upper part of the creek, tributary inflows, and a small, constant 
input of groundwater. Winter streamflows in the Wilson reach 
have similar inputs, except that tributary inflows are minimal.

The qualitative patterns of gain and loss are in general 
agreement with qualitative results from previous investiga-
tions. However, this study provides quantitative information 
that can be used for future studies of Fish Creek, such as 
nutrient budgets, simulation of surface-water and groundwater 
flow, and simulation of surface water/groundwater interactions 
in the southwestern area of the Jackson Hole valley.

Introduction
Fish Creek, an approximately 25-kilometer (km) long 

tributary of the Snake River, is located in Teton County in 
western Wyoming near the town of Wilson (figs. 1 and 2). Fish 
Creek’s drainage area includes part of the southern extent of 
the Teton Range and the southwestern part of the Jackson Hole 
valley, and is 183 square kilometers (km2) at the U.S. Geologi-
cal Survey streamflow-gaging station, Fish Creek at Wilson, 
Wyoming (station 13016450; fig. 2; Swanson and others, 
2002).

Studies of the Snake River west bank (located between 
the Snake River and the western edge of the Jackson Hole 
valley (fig. 2) have shown that streamflow in Fish Creek 
responds quickly to changes in groundwater levels (Nelson 
Engineering, 1992; Hinckley Consulting and Jorgensen 
Engineering, 1994; Wyoming State Engineer’s Office, 2005). 
The groundwater table in the alluvial aquifer near Fish Creek 
can rise due to natural recharge, recharge from local flood 
irrigation, injection of tertiary treated sewage, or recharge 
from infiltration through the streambed of ditches, tributaries 
such as Lake Creek (a diversion from the Snake River; Nelson 
Engineering, 1992) or the Snake River (Wyoming State Engi-
neer’s Office, 2005). Fish Creek inflows can include spring 
flows, irrigation diversions from area rivers and streams, 
irrigation return flows, and tributary streamflows.

Local residents began observing an increase in the 
growth of algae and aquatic plants in Fish Creek during the 
last decade. To more fully understand the hydrologic system 
and the possible relation to aquatic life in the stream, the 
U.S. Geological Survey (USGS), in cooperation with the 
Teton Conservation District, conducted a study to determine 
the interaction of surface water and groundwater along Fish 
Creek.

The first part of the study, completed in 2004, was a 
seepage investigation in which streamflow was measured in 

six reaches of Fish Creek to estimate the magnitude of gains 
and losses (Wheeler and Eddy-Miller, 2005). The seepage 
measurements, conducted during August and November 
(to represent relatively high-flow and base-flow conditions, 
respectively), determined that the stream is either gaining 
water from groundwater or in near-equilibrium with the 
groundwater (fig. 3), depending on the time of year and loca-
tion along the stream.

The second part of the study is intended to augment 
hydrologic information derived from the previously published 
seepage investigation of Fish Creek (Wheeler and Eddy-
Miller, 2005). It has two main objectives: (1) develop an 
improved spatial and temporal understanding of water flow 
(fluxes) between surface water and groundwater, and (2) use 
simulations from a two-dimensional groundwater-flow and 
heat-transport model to interpret measured temperature and 
hydraulic-head distributions and to describe groundwater flow 
near Fish Creek. Seepage measurements provide spatially 
averaged gains and losses over an entire reach for one point 
in time, whereas continuous temperature and water-level 
measurements provide continuous estimates of gain and loss 
at a specific location. Stage, water-level, and temperature 
data were collected from surface water and from piezometers 
completed in the alluvial aquifer at three cross sections on 
Fish Creek. These data were used to calibrate cross-sectional, 
two-dimensional (2-D) VS2DH models (Healy and Ronan, 
1996) of flow into or out of the stream at three locations. 
Model simulation results were used to estimate aquifer proper-
ties, such as the effective hydraulic conductivity and the flux 
of groundwater into the stream or flux of stream water into the 
alluvial aquifer.

Purpose and Scope

The purpose of this report is to describe interactions 
between surface water and near-stream groundwater along 
Fish Creek by using temperature (as a natural tracer), stage, 
and water-level data collected from October 2004 to October 
2006 from three cross sections on the creek. The interactions 
are qualitatively described as the direction and relative magni-
tude of flow based on measured temperature and water-level 
data and are quantitatively described as fluxes between surface 
water and groundwater based on the model simulations of flow 
and heat transport. The simulated fluxes were compared with 
the streamflow gains and losses determined during the 2004 
seepage investigation.
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Figure 1.  Location of Fish Creek as part of the Jackson Hole valley, Wyoming.
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Figure 3.  Streamflow at seepage investigation sites and identification of reaches with and without gains from groundwater, Fish Creek, 
Wyoming. A, August 2004. B, November 2004 (from data in Wheeler and Eddy-Miller, 2005).

Cre
ek

C
re

ek

Fi
sh

Fi
sh

390

390

Teton
Village

Wilson

Cr
ee

k

Fis
h

Ro
ad

Resor's Road

Pine Meadow 
Road

390

390

Teton
Village

Wilson

Cr
ee

k

Fis
h

Ro
ad

Resor's Road

Pine Meadow 
Road

C
re

ek

Fi
sh

Fi
sh

Cree
k

La
ke

C
re

ek

La
ke

C
re

ek0.03

1.16

3.17

3.37

8.44

8.38

8.95

9.32

10.6

10.9

0.29

0.37

1.30

1.50

1.57

1.56

1.53

1.98

A. August B. November

dry

dry

T. 42 N.
T. 41 N.

R. 117 W.   R. 116 W. R. 117 W.   R. 116 W.

T. 42 N.
T. 41 N.

EXPLANATION

Gaining reach

Near-neutral reach 
  (difference in measured
  streamflow is less than
  the associated 
  measurement error)

Dry

Heat as tracer cross 
   section

1.98 Streamflow, in cubic 
   meters per second

Base from Redistricting Census 2000 TIGER/Line Files, U.S. Census Bureau, 2001
Public land survey system from Wyoming Water Resources Center digital data, 1994
Albers Equal-area Conic projection
Standard parallels 41°N and 45°N, central meridian 110°30′W

0 1 2 KILOMETERS

0 1 2 MILES

Teton Village
cross section

Resor’s Bridge
cross section

Resor’s Bridge
cross section

Wilson
cross section

Teton Village
cross section

Wilson
cross section

Introduction    5



6    Interactions between Surface Water and Near-Stream Groundwater along Fish Creek, Using Heat as a Tracer

Jim Constantz, Rod Caldwell, and Janet Carter, U.S. Geologi-
cal Survey, are acknowledged for their excellent reviews of 
report drafts.

Description of Study Area
Teton County is experiencing rapid growth and devel-

opment in the west bank area of the Snake River. Nelson 
Engineering (1992) estimated that 1,670 residential dwellings 
were in the west bank area in 1992. Between 1992 and 2007, 
an additional 640 dwellings were constructed in the west bank 
area (Jennifer Bodine, Teton County Planning and Develop-
ment, written commun., 2008). The alluvial aquifer supplies 
water to area residents by way of a water-supply system or 
individual wells. Effluent from most of these residents and 
businesses is discharged into the alluvial aquifer through 
sewage treatment plants or septic systems. The exception is 
the town of Wilson, whose effluent is piped to the town of 
Jackson’s waste disposal system. Multiple anthropogenic 
activities exist in the watershed including a ski area, golf 
courses, cattle grazing, and irrigation associated with agricul-
tural and aesthetic uses. Altitudes in the study area range from 
approximately 1,875 meters (m) at the Wilson gaging station 
on Fish Creek to about 3,200 m at the summit of Rendezvous 
Peak.

Climate

The study area is semiarid and has cold winters and 
warm summers. Mean temperatures and annual precipita-
tion vary with changes in season and altitude. Mean monthly 
temperatures at the Moose, Wyo., climate station ranged from 
-10.3 degrees Celsius (ºC) in January to 16.0ºC in July during 
the period 1958–2007 (National Climatic Data Center, 2009). 
Mean temperatures decrease with increasing altitude. Mean 
annual precipitation near the study area, in the form of rain 
and snow, ranges from 54 centimeters (cm) at the altitude of 
1,960 m near Moose, Wyo., (National Climatic Data Center, 
2009) to more than 178 cm in the Teton Range at altitudes 
above 3,000 m (Oregon Climate Service, 2008). At the Phillips 
Bench SnoTel station (2,500 m), approximately 5 km west-
southwest of Resor’s Bridge, the mean annual precipitation 
for 1971–2000 was 112 cm (Natural Resources Conservation 
Service, 2008). 

Daily mean temperatures at the Moose, Wyo., station 
ranged from 22.5 to -24.5ºC during June 1, 2005, to October 1, 
2006 (National Climatic Data Center, 2009). During this 
period, maximum temperatures exceeded 30.0ºC in July of 
2005 and 2006, and minimum temperatures fell below -30.0ºC 
in December 2005 and February 2006 (fig. 4). Precipitation 
data collected at the Moose, Wyo., station during the study 
period amounted to a cumulative 80.5 cm (National Climatic 
Data Center, 2009).

Hydrology

The primary river and streams in the study area include 
the Snake River in the central part; Fish Creek, which is west 
of the Snake River and flows along the western boundary of 
the Jackson Hole valley; and Lake Creek, a tributary to Fish 
Creek in the northern part of the study area (fig. 1). The Snake 
River has a large braided channel and its flow is influenced by 
regulation from Jackson Lake Dam, by levees that result in 
seasonal increases in stream stage, and streambed infiltration. 
The Snake River and Fish Creek flow from north to south on 
the surface of the alluvial plain; in between the two are multi-
ple intermittent irrigation channels, including Lake Creek, an 
irrigation-augmented natural channel. Flow in Lake Creek is 
from natural channel flow, diversions from the Snake River 
and diversions from Granite Creek—a tributary to the Snake 
River immediately north of the study area. Lake Creek essen-
tially is an intermittent tributary that joins Fish Creek approxi-
mately halfway between Teton Village and Wilson (fig. 2). 
Several intermittent and perennial tributaries also flow directly 
off the steep mountain front, or through incised canyons, into 
Fish Creek from the west along the entire study reach.

Fish Creek has a relatively stable channel morphology 
and has relatively minor sinuosity and meandering along 
most of its length upstream from Wilson. The upper reach 
of Fish Creek, directly downstream from Teton Village, was 
engineered from a straight channel to a meandering channel 
predominantly by the end of 2004. Fish Creek has a small 
drainage area and channel-bed material composed of sand, 
gravel, and cobble. It also has a controlled flow regime and 
lacks substantial flooding due primarily to the levees and regu-
lation of the Snake River.

Flows in Fish Creek are influenced by several factors and 
vary along the study reach. Previous studies have shown a 
correlation between groundwater levels in the alluvial aquifer 
and streamflows in Fish Creek and the Snake River (Wyoming 
State Engineer’s Office, 2005). The Snake River flows at 
altitudes higher than Fish Creek for much of its length and 
contributes water to the alluvial aquifer due to the downward 
tilt of the valley floor to the west, which helps create a hydrau-
lic gradient in a southwesterly direction (Nelson Engineering, 
1992; Wyoming State Engineer’s Office, 2005). A groundwa-
ter study of the unconfined alluvial aquifer in the area between 
the Snake River and Fish Creek showed a connection between 
the two streams through a groundwater gradient with higher 
hydraulic head near the Snake River and lower hydraulic head 
near Fish Creek (Wyoming State Engineer’s Office, 2005).

Streamflow data have been collected since 1994 at 
the Fish Creek at Wilson gaging station (station number 
13016450; U.S. Geological Survey, 2008). Data for this 
period show that the stream at the station is rarely covered 
in ice (U.S. Geological Survey, 2008), indicating ground
water inflow upstream from or at the station during the winter 
months. Streamflow data from the station show that during 
water year 2005, the peak flows occurred in late June, later 



Fi
gu

re
 4

. 
M

ax
im

um
 a

nd
 m

in
im

um
 te

m
pe

ra
tu

re
s,

 a
nd

 p
re

ci
pi

ta
tio

n 
re

co
rd

ed
 a

t m
et

eo
ro

lo
gi

ca
l s

ta
tio

n 
48

64
28

 a
t M

oo
se

, W
yo

., 
Ju

ne
 1

, 2
00

5,
 to

 
Oc

to
be

r 1
1,

 2
00

6 
(N

at
io

na
l C

lim
at

ic
 D

at
a 

Ce
nt

er
, 2

00
9)

.

−5
0

−4
0

−3
0

−2
0

−1
0

010203040

0123456
6/1/2005

7/1/2005

8/1/2005

9/1/2005

10/1/2005

11/1/2005

12/1/2005

1/1/2006

2/1/2006

3/1/2006

4/1/2006

5/1/2006

6/1/2006

7/1/2006

8/1/2006

9/1/2006

10/1/2006

TEMPERATURE, IN DEGREES CELSIUS

PRECIPITATION, IN CENTIMETERS

Pr
ec

ip
ita

tio
n

M
ax

im
um

 d
ai

ly
 te

m
pe

ra
tu

re
  

M
in

im
um

 d
ai

ly
 te

m
pe

ra
tu

re
  

Description of Study Area    7



8    Interactions between Surface Water and Near-Stream Groundwater along Fish Creek, Using Heat as a Tracer

than the 13-year (1994–2006) median (fig. 5); however, the 
cumulative streamflow for the year (the volume of water that 
passed by the station) was near the 13-year mean for the site 
(fig. 6). During water year 2006, peak flows were higher than 
the 13-year median (fig. 5) and cumulative streamflow was 
higher than the 13-year mean (fig. 6), likely due in part to the 
above-normal snowpack in the area during the 2005–06 winter 
(Natural Resources Conservation Service, 2008).

Geology

The geology within the study area is structurally complex 
and consists of diverse strata ranging from Precambrian-era 
basement rocks to Quaternary-era unconsolidated surficial 
deposits (fig. 7). The study area lies within the Jackson Hole 
structural basin, a folded and faulted downwarp of deposits 
1,200 to 2,100 m thick, generally bounded by the Teton Range 
to the west and the anticlinal uplifts of the Gros Ventre (fig. 1) 
and Washakie (not on figure) Ranges to the east (Nolan and 
Miller, 1995). The south boundary of the basin consists of 
the Snake River (fig.1), Hoback (fig. 1), and Salt River (not 
on figure) Ranges associated with the Wyoming Thrust Belt. 
The Teton Range is a north-south trending upthrown fault-
block that roughly parallels the Fish Creek and Snake River 
drainages along the southern part of the valley. The associated 
Teton Fault zone has caused westward tilting of the basin, 
which provides dramatic relief of nearly 1,500 m from the 
valley floor to the top of the peaks near the study area, and 
relief of more than 2,100 m in other parts of the valley.

The steep hillside of the Teton Range immediately west 
of Fish Creek consists of Precambrian-age metamorphosed 
gabbro (mafic) and other ultramafic rocks, granitic gneisses, 
and various granitic rocks with associated pegmatites (Love 
and others, 1992). Capping the Precambrian rocks are Paleo-
zoic sedimentary sequences including the Flathead Sandstone, 
Gros Ventre Formation, Gallatin Limestone, Bighorn Dolo-
mite, Darby Formation, and Madison Limestone (Love and 
others, 1992).

Directly to the east of the study area lie the Gros 
Ventre Buttes, uplifted normal fault blocks of the previously 
mentioned Paleozoic sedimentary sequences, coupled with 
Tertiary-age andesite and basalt volcanic rocks. Quaternary-
age surficial deposits occupy most of the drainage basin and 
are primarily the result of glacial and post-glacial fluvial depo-
sition both in the Snake River Basin and in some of the subsid-
iary tributary basins. Basin margin alluvial fans, flood-plain 
alluvium and colluvium, landslide deposits, pediment deposits, 
and talus deposits also exist in the area. Evidence of glacial 
moraines and glacial drift deposits of fine silt loess have been 
indentified in several places in the valley, including parts of 
the Gros Ventre Buttes (Cox, 1974; Love and others, 1992).

The predominant surficial geology near Fish Creek 
between the Teton Fault and the Snake River consists of 
an alluvial plain of unconsolidated clay, silt, sand, gravel, 

cobbles, and boulders that likely have high depositional 
variation and are highly permeable. These deposits include 
alluvium, colluvium, glacial till, and outwash as a result of 
fluvial deposition and Pleistocene-age valley glaciation (Nolan 
and Miller, 1995). Geophysical surveys have been done in the 
area to determine the relative thickness of these Quaternary 
unconsolidated deposits. Results from a time-domain electro-
magnetic survey (Nolan and Miller, 1995) indicated that these 
deposits range in thickness from 120 m to 730 m along the 
Jackson Hole valley and are 140 m thick near the confluence 
of the Gros Ventre and Snake Rivers. Results from an audio-
magnetotellurics survey (Nolan and others, 1998), primarily 
conducted in the southern part of the valley and within the 
study area, indicated that unconsolidated material ranged in 
thickness from 30 m in the southernmost part of the valley to 
210 m near the town of Wilson.

Methods
The use of heat as a natural tracer in conjunction with 

water-level measurements has been shown to be an effec-
tive method for estimating water movement (fluxes) between 
groundwater and surface water (for example, Constantz and 
Stonestrom, 2003; Constantz, 2008; Essaid and others, 2008). 
Determining both water fluxes and hydraulic conductivity 
requires continuous monitoring of the stream temperature 
and stage, the sediment temperature at multiple depths below 
the streambed surface, and the hydraulic head of the ground-
water (Su and others, 2004; Essaid and others, 2008). Heat 
is transported with the flowing water downstream. Heat is 
also transported through the streambed, primarily through 
advection with the moving water and conduction through the 
streambed sediments and interstitial water (Constantz and 
Stonestrom, 2003; Constantz, 2008). In a gaining reach of 
stream (where groundwater is discharged to surface water 
through the streambed), the upward advection of heat due to 
the higher hydraulic head in the groundwater is coupled with 
the downward conduction of heat through the streambed sedi-
ments (fig. 8). This combination of heat transport dampens the 
diurnal and seasonal temperature cycle seen in the stream and 
attenuates the timing of the peaks and valleys of the thermal 
signal. Conversely, in a losing reach of stream (where surface 
water is discharged to groundwater through the streambed), 
heat is transported downward by both conduction and advec-
tion. These two mechanisms coupled together create a thermal 
signal in the groundwater that shows more diurnal fluctuation 
than that for a gaining reach of the stream (fig. 8).

The flow of water and heat in two dimensions can be 
evaluated at stream cross sections (perpendicular to the direc-
tion of the streamflow) by using piezometers instrumented 
with thermistors (fig. 8). Qualitative estimates of the direction 
of flow can be made by comparing the temperatures and stages 
of the water in the stream to temperatures and water levels 



Figure 5.  Mean daily streamflow for water years 2005 and 2006, and median streamflow for 1994–2006, Fish 
Creek at Wilson (station 13016450).

Figure 6.  Cumulative streamflow for water years 2005 and 2006, for water year 1995 (lowest annual 
streamflow), and for 1994–2006 (from mean daily streamflow), Fish Creek at Wilson (station 13016450).
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Figure 7.  Continued
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Figure 8.  Streambed flow and heat transport in a gaining and a losing reach of a stream. A, Gaining 
reach. B, Losing reach. (Schematics modified from Constantz and Stonestrom, 2003.)

Not to scale

Not to scale

ThermistorA  Gaining reach of stream

B  Losing reach of stream Thermistor

TIME

TIME

TE
M

PE
RA

TU
RE

TE
M

PE
RA

TU
RE

TIME

TIME

TE
M

PE
RA

TU
RE

TE
M

PE
RA

TU
RE

In the gaining reach of stream, the hydraulic head is higher in the groundwater than in the surface water. The upward advection of 
heat is coupled with the downward conduction of heat through the streambed sediments. This combination of heat transport 
dampens the diurnal thermal cycle with depth in the streambed and surrounding aquifer. The losing reach of stream has a greater 
hydraulic head in the stream than in the groundwater.  The heat is then transported from the stream to the streambed and 
surrounding aquifer by both advection and conduction through streambed sediments. The thermal signal dampens with depth, but 
not as great as in the gaining stream reach. (Schematics modified from Constantz and Stonestrom, 2003.)

Pi
ez

om
et

er
Pi

ez
om

et
er

12    Interactions between Surface Water and Near-Stream Groundwater along Fish Creek, Using Heat as a Tracer



Methods    13

below and adjacent to the streambed. Quantitative estimates of 
water flux through the streambed to and from the unconfined 
aquifer can be obtained by comparing simulated and measured 
sediment temperatures.

Specifically, estimates of streambed flux and hydraulic 
conductivities can be made by manually matching simu-
lated temperatures from a numerical model that simulates 
the flow of water and heat through sediments, such as the 
USGS models VS2DH and SUTRA (Constantz, 2008), with 
measured streambed temperatures. The 2-D groundwater-flow 
and heat-transport model VS2DH (Healy, 2008) has been used 
to simulate water and heat transport in sediment (Constantz 
and others, 2003; Cox and others, 2007; Essaid and others, 
2008) and was used to analyze the data from the Fish Creek 
cross sections. Flux estimates from the VS2DH model were 
compared with the streamflow gains and losses determined 
from the 2004 seepage investigation.

Study Design and Data Collection

Three streambed cross sections, each instrumented with 
five piezometers, were delineated at Teton Village, Resor’s 
Bridge, and Wilson (fig. 2) to represent an upstream, midsec-
tion, and downstream location, respectively. The upstream site 
below Teton Village is in a part of the stream that was recently 
rechannelized (Brian Remlinger, Teton Conservation District, 
oral commun., 2004). Most of the work changing the stream 
from a straight channel through a meadow to an engineered, 
meandering stream was completed in 2004. The Resor’s 
Bridge and Wilson cross sections are on morphologically 
stable sections of the stream. The Resor’s Bridge cross section 
is approximately where perennial streamflow begins. The 
downstream cross section was located near the USGS Wilson 
gaging station (13016450) in order to compare historical and 
current streamflow information from the gaging station to the 
data collected for this study.

The piezometers were constructed from 1¼-inch (3.2-cm) 
diameter galvanized pipe with eight, 0.6-cm diameter holes 
drilled into the bottom of the pipe as screen. The bottom of 
each threaded pipe was attached to a well point to facilitate 
installation, and all piezometers were installed by using a 
fence-post driver. All three cross-section sites had two piezom-
eters on the left bank (representing the eastern side of the 
channel), one in the center of the channel, and two on the right 
bank (representing the western side of the channel; figs. 9, 10, 
and 11). The piezometers on the left bank (labeled 2 and 1) 
were located 1 m and 2 m, respectively, from the edge of the 
primary channel. The piezometers on the right bank (labeled 
4 and 5) also were located 1 m and 2 m, respectively, from the 
edge of the primary channel. The piezometer in the center of 
the channel (labeled 3) was completed flush with the channel 
bed to prevent damage to the piezometer from floating debris 
and any transported bedload. Piezometers in the center of the 
channel were capped with water-tight caps. When measur-
ing water levels by hand, field personnel attached a polyvinyl 

chloride (PVC) riser to the piezometer that extended above 
the stream level and allowed water levels to stabilize before 
measuring the groundwater level.

Continuous (hourly) temperature data were collected at 
two depths in all piezometers, in the soil near the cross section 
at about a 5-cm depth, and in the stream at all three cross 
sections beginning in October 2004 using StowAway TidbiT 
temperature loggers (Onset Computer Corp; table 1). After 
March 2005, the center (number 3) piezometer at each site 
was instrumented with a miniTROLL Professional (In-Situ 
Inc.) to record the temperature at the bottom of the piezometer 
and continuously record water levels. A miniTROLL Standard 
(In-Situ Inc.) was installed in the stream immediately next to 
the piezometer to record stage in the stream. The final instru-
mentation configurations are shown in figures 9, 10, and 11.

The depth of one piezometer was changed at the Teton 
Village cross section (fig. 9). Data collected between October 
2004 and October 2005 at TV3 in the center of the channel 
showed that the upward flux of groundwater into the stream 
was large, creating upward advective heat transport that led 
to temperature values in thermistor TV3-30 that were almost 
exactly the same as values in thermistor TV3-90, which 
reduced the certainty in a flux estimate for this case. There-
fore, in October 2005, the TV3 piezometer was extended 
deeper by 0.3 m and was thereafter referred to as TV3a. 
Changes in thermistor locations for this piezometer are noted 
in table 1.

Continuous (hourly) temperature data were collected in 
the stream and at two depths in all piezometers, except TV3a, 
which had three collection depths between October 2005 
and October 2006. Water levels were hand measured during 
five different hydrologic conditions between October 2004 
and October 2006. Initial data analysis showed the need for 
continuous stage data in the stream and continuous water-level 
data in at least the center piezometer (number 3) in order to 
characterize the dynamic nature of the flow system. In March 
2005, a miniTROLL Standard and a miniTROLL Professional 
were installed in the stream and in the center piezometer, 
respectively, at each cross section. 

Accurate altitude and location data for each piezometer 
were needed for developing VS2DH. Differential leveling was 
used to survey the altitude of each piezometer to an accuracy 
of 0.001 m in October 2004 and again in August 2005 to 
detect potential movement. Additionally, the altitude of the 
streambed at each cross section was surveyed at 0.3-m inter-
vals across the channel during these same two periods.

Model Design and Calibration

The flow and energy transport model VS2DH (Healy 
and Ronan, 1996) and the graphical user interface VS2DI 
(Hsieh and others, 2000) were used to simulate flow through 
the streambed of Fish Creek. The 2-D vertical cross sections 
perpendicular to the direction of streamflow were developed 
for each monitored cross section. The physical and hydrologic 



Figure 9.  Channel geometry, piezometer network, and thermistor and/or pressure transducer locations at Teton Village cross 
section. Water-level and stage data for August 25, 2005.

Figure 10.  Channel geometry, piezometer network, and thermistor and/or pressure transducer locations at Resor’s 
Bridge cross section. Water-level and stage data for August 24, 2005.
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Figure 11.  Channel geometry, piezometer network, and thermistor and/or pressure transducer locations at Wilson cross section. 
Water-level and stage data for August 24, 2005.
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setting was characterized by using land surveys and data 
collected from thermistors and the stream, and from hand-
measured water levels in the piezometers at each cross section. 
The model was designed to have daily recharge periods, 
and simulation periods were April 15 to October 14, 2006, 
(183 recharge periods) for the Teton Village cross section, and 
June 6, 2005, to October 14, 2006, (496 recharge periods) for 
the Resor’s Bridge and Wilson cross sections.

Model Framework and Boundary Conditions

The design of the VS2DH model involved specifying 
a model domain and boundary conditions that correspond 
to the physical system at each cross section (fig. 12). The 
left- and right-side lateral boundaries (which generally 
correspond to the eastern and western sides of the channel, 
respectively) were located at piezometers 1 and 5, respec-
tively, and were specified-head and specified-temperature 
boundaries. The geometry of the bottom boundary was based 
approximately on the location of the depths of all piezom-
eters. The hydraulic-head and temperature values from the 
deepest observation points were used as the specified-head 

and specified-temperature boundary values. The upper model 
boundary corresponds to the surveyed land surface and stream 
channel. The land surface next to the channel on both banks 
was a specified-temperature, no-fluid flow boundary allowing 
exchange of heat with the land surface through the unsaturated 
zone. The Teton Village cross-section model had 100 columns 
and 100 rows, with the column width equal to 0.1 m and the 
row height equal to 0.02 m. The Resor’s Bridge cross-section 
model had 80 columns and 76 rows, with the column width 
equal to 0.2 m and the row height equal to 0.02 m. The Wilson 
cross-section model had 117 columns and 113 rows, with 
the column width equal to 0.2 m and the row height equal to 
0.02 m.

The model was designed to simulate transport of water 
and heat between the stream and streambed. Unsaturated flow 
processes above the water table, including recharge from 
precipitation through the soil, were not simulated. The stream 
boundary was a specified-head and specified-temperature 
boundary based on stream stage and temperature. The stream 
channel width had two static values: one for high flows and 
one for base flows.



Table 1.  Name and location of continuous temperature instruments at the Teton Village, Resor’s Bridge, and Wilson cross sections on 
Fish Creek.

[Thermistor name is a reference to the target depth below land surface that the thermistor was to be placed, approximately 75 and 150 centimeters below land 
surface for the upper and lower thermistors in the streambank piezometers (numbers 1, 2, 4, and 5), and approximately 30 and 90 centimeters below land surface 
for the upper and lower thermistors in the midchannel piezometers (number 3), respectively. Piezometer TV3a was the only piezometer with three thermistors 
after the piezometer had 0.3 meter of casing added to the depth in October 2005. NAD 1983, North American Datum of 1983; --, not applicable]

Piezometer or stream  
instrumentation name,  

thermistor name  
(in parentheses), and  

station number

Piezometer or stream  
location1 (latitude and longitude 

in degrees, minutes, seconds) 
(NAD 83)

Piezometer depth  
(meters below  
land surface)

Depth of upper 
thermistor  

(centimeters below  
land surface)

Depth of middle 
thermistor  

(centimeters  
below  

land surface)

Depth of lower 
thermistor  

(centimeters  
below  

land surface)
Teton Village cross section

TV1 (-75, -150)
433438110495801

43°34′37.5″
110°50′02.7″

1.2 52.0 -- 112.8

TV2 (-75, -150) 
433438110495802

43°34′37.3″
110°50′02.6″ 1.2 52.0 -- 110.2

TV3 (-30, -90)2

433438110495803
43°34′37.2″
110°50′02.8″ .8 27.5 -- 61.0

TV3a (-20, -54, -134) 3 
433438110495803

43°34′37.2″
110°50′02.8″ 1.4 12.0 46.7 126.0

TV4 (-75, -150) 
433438110495804

43°34′37.2″
110°50′03.0″ 1.2 52.0 -- 112.1

TV5 (-75, -150) 
433438110495805 

43°34′37.2″
110°50′03.1″ 1.2 52.1 -- 112.0

TVck
433438110495806

43°34′38″
110°50′01″

-- -- -- --

Resor’s Bridge cross section
RB1 (-75, -150)
433247110504501

43°32′44.5″
110°50′46.6″

1.2 52.0 -- 111.2

RB2 (-75, -150) 
433247110504502

43°32′44.5″
110°50′46.6″ 1.2 51.8 -- 110.7

RB3 (-30, -90) 
433247110504503

43°32′44.5″
110°50′46.9″ 1.0 35.3 -- 89.0

RB4 (-75, -150) 
433247110504504

43°32′44.5″
110°50′47.3″ 1.5 82.5 -- 140.0

RB5 (-75, -150) 
433247110504505

43°32′44.4″
110°50′47.3″ 1.5 81.5 -- 141.1

RBck
433247110504506

43°32′47″
110°50′48″

-- -- -- --

Wilson cross section
W1 (-75, -150)
433003110521501

43°30′03.2″
110°52′17.7″

2.1 109.3 -- 168.5

W2 (-75, -150) 
433003110521502

43°30′03.1″
110°52′17.6″

1.8 111.5 -- 171.2

W3 (-30, -90) 
433003110521503

43°30′02.9″
110°52′17.7″

.8 26.4 -- 58.6

W4 (-75, -150) 
433003110521504

43°30′02.4″
110°52′17.8″

1.2 58.4 -- 111.1

W5 (-75, -150) 
433003110521505

43°30′02.4″
110°52′17.8″ 1.5 78.8 -- 138.8

Wck
13016450

43°30′03″
110°52′18″ -- -- -- --

1All latitude and longitude measurements were obtained with a handheld global positioning system (GPS) instrument.
2Setup in operation from October 2004 to October 2005.
3Setup in operation from October 2005 to October 2006.
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Figure 12.  Generalized two-dimensional VS2DH model of water and heat transport through the near-stream aquifer along Fish Creek.

Left side boundary: 
observed head and temperature 
boundary from well on eastern 
side of stream (piezometer 1)

Streambed boundary: 
observed stream stage 
and temperature

Right side boundary: 
observed head and 
temperature boundary 
from well on western 
side of stream  
(piezometer 5)

Bottom boundary: deepest 
observed head and temperature 
(piezometers 2, 3, and 4)

The vertical distances (z) in all three Fish Creek cross sections 
are exaggerated compared to the horizontal (x) distances.
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Daily mean values of hydraulic head and temperature 
were used to specify boundary-condition values along each 
model boundary for each recharge period. All stream stage, 
center piezometer (piezometer 3) groundwater-level, and 
temperature data were collected hourly throughout the study. 
These data were averaged for each 24-hour period to deter-
mine daily means.

Groundwater levels in the piezometers on the stream-
banks (piezometers 1, 2, 4, and 5) were not measured continu-
ously, but were hand measured at selected intervals. In order 
to have a daily mean hydraulic head necessary for model input 
at these four piezometer locations, a relation was developed 
between the streambank piezometers (piezometers 1, 2, 4, and 
5) and the corresponding center piezometer (piezometer 3) for 
each cross section. This relation was developed by determin-
ing the water-level difference between piezometers 1, 2, 4, 
or 5, and piezometer 3 when levels were hand measured. 
The change in water level between measurements was then 
interpolated to estimate a daily difference between each of 
piezometers 1, 2, 4, and 5 and piezometer 3. A daily water 
level for each of piezometers 1, 2, 4, and 5 was then calculated 
by using the known daily water level for piezometer 3 and the 
estimated difference between the piezometer of interest and 
piezometer 3.

At each specified-head and specified-temperature bound-
ary, a set of data with the daily mean groundwater level 
and daily mean temperature was used as the input for each 
recharge period. At specified-temperature boundaries with no 
fluid flow, only one datum (temperature) per recharge period 
was input.

For Fish Creek, the model boundary that was most 
likely to change location during the study period was the 
streambed boundary, either because of erosion and deposi-
tion of sediments during varying flow regimes or because of 
changes in channel width related to normal variations in flow 
volume. The streambed cross-sectional altitude was surveyed 
in December 2004 and again in August 2005. Survey data 
indicated that the altitude changed minimally between the two 
surveys. Therefore, it is assumed that for the period of study, 
the channel geometry was stable. Changes in channel width 
due to flow volume were estimated for each site, and changes 
were made to the model boundaries accordingly.

The hydraulic heads and temperatures of all boundar-
ies vary continuously in a spatial sense. However, due to the 
limited spatial extent of the data collected, the physical loca-
tions of most boundaries were held static during the simula-
tions. The hydraulic heads and temperatures at each boundary 
were varied in a stepwise manner.

Three model observation points were selected to corre-
spond to the locations of the upper thermistors in piezom-
eters 2, 3, and 4 at each cross section (fig. 12). During the 
model calibration process, the simulated temperatures for 
these observation points were compared to the measured 
temperatures at the corresponding points.

Hydraulic and Thermal Properties and Model 
Calibration

Estimates of hydraulic and thermal properties, such as 
porosity, heat capacity of water, thermal conductivity of the 
saturated sediment, dispersivity, and horizontal and vertical 
hydraulic conductivity of sediments, were needed for input 
into VS2DH and were based on published values (table 2; 
Freeze and Cherry, 1979; Niswonger and Prudic, 2003). These 
properties were assigned constant values throughout the soil or 
streambed on the basis of published values for similar textural 
materials. Simulated temperature distributions are most sensi-
tive to changes in flow rates and therefore are most sensitive 
to changes in hydraulic conductivity (Niswonger and Prudic, 
2003). Changes in the saturated hydraulic conductivity in the 
horizontal direction, perpendicular to streamflow, affect the 
simulated rate of lateral inflow of groundwater to the stream 
and the simulated temperatures at the observation points below 
the streambanks (piezometers 2 and 4). Changes in vertical 
hydraulic conductivity control the simulated amount of verti-
cal flow into the streambed and generally affect the simulated 
temperatures at the center observation point (piezometer 3). 
This agrees with the general spatial streambed flow pattern, 
although as described in a following section, Fish Creek shows 
complex, reach-specific spatial flow patterns.

The saturated hydraulic conductivity of the soil was set to 
a very low value of 1x10-8 meters per second (m/s), which was 
at least two orders of magnitude smaller than the hydraulic 
conductivity of the nearby aquifer materials. This simplified 
the numerical simulation by limiting the movement of ground-
water from the saturated soil area into the unsaturated soil area 
as the water table fluctuated.

The simulated temperatures for all observation points 
from each simulation were plotted and compared to the corre-
sponding temperatures recorded by thermistors (measured 
temperatures). On the basis of the closeness of fit between the 
simulated and measured temperatures, the hydraulic properties 
were adjusted and the model was rerun. This technique was a 
trial-and-error stepwise approach to adjusting the horizontal 
and vertical hydraulic conductivities to obtain a set of simu-
lated temperatures at the observation points that best matched 
the measured temperatures. Because of the estimation of the 
daily mean hydraulic head in piezometers 1, 2, 4, and 5, the 
uncertainty in boundary conditions, and the assumption of 
uniform properties, an exact match was not expected. Gener-
ally, excellent matches between simulated and measured 
temperatures were obtained below the center of the stream 
channel where flow is predominantly one-dimensional and 
vertical. However, the temperatures at piezometers 2 and 4 
(bank piezometers, 1 m from the stream edge) were influenced 
by the combined effects of lateral and vertical flow, and the 
heat conduction from the land surface, making close matches 
difficult to obtain. Once the vertical and horizontal saturated 
hydraulic conductivities were determined that best reproduced 



Table 2.  Summary of hydraulic parameters used in final calibrated VS2DH models for each cross section.

[m/s, meters per second; m, meters; W/m °C, Watts per meter degrees Celsius; J/m3 °C, Joules per cubic meter degrees Celsius]

Hydraulic parameter Teton Village Resor’s Bridge Wilson

Porosity 10.35 10.35 10.35

Hydraulic conductivity of near-streambed sediments, 
horizontal direction (m/s) 1x10-4 5x10-5 1x10-4

Hydraulic conductivity of near-streambed sediments, 
vertical direction (m/s) 1x10-4 1x10-5 5x10-6

Hydraulic conductivity of soil, horizontal and vertical 
directions (m/s) 1x10-8 1x10-8 1x10-8

Dispersivity (m) 2.01 2.01 2.01

Thermal conductivity of saturated sediments (W/m °C) 21.8 21.8 21.8

Heat capacity of water at 20°C (J/m3 °C) 24.2x106 24.2x106 24.2x106

1Based on Freeze and Cherry, 1979.
2Based on Niswonger and Prudic, 2003.
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the general spatial and temporal trends of measured tempera-
tures at the cross section (as described in more detail in the 
following section), the VS2DH model was used to estimate the 
flux of water across selected model boundaries.

Design and Calibration of Cross-Sectional 
Models

VS2DH was used to develop a model for each of the 
three cross sections on the basis of field surveys of channel 
geometry and of water-level and temperature data. The 
inverse-modeling technique described previously was used 
to determine the horizontal and vertical hydraulic conduc-
tivities at each cross section. Although the general modeling 
approaches for the three cross sections were similar, several 
factors, such as period of time modeled, changes in channel 
width, and design of specific model boundaries, were unique 
for each cross section. Table 2 summarizes the parameters 
used in the final calibrated models.

Teton Village Cross Section

The Teton Village cross section is in an intermittent 
reach of Fish Creek recently reworked from a straight-line 
drain channel cut through a field to an engineered meandering 
stream. A schematic of the 2-D model with boundary condi-
tions is shown in figure 13. During stabilization of the channel 
in 2004, a layer (approximately 0.5-m thick) of silty sand was 
deposited on the left side of the channel as part of a point bar 
development. Figure 13 shows this thin, lower permeability 
layer on the left side of the streambed in the model. The layer 
was assigned a saturated hydraulic conductivity of 1x10-5 m/s 
(Freeze and Cherry, 1979).

The channel width at the Teton Village cross section 
changed during the study period when flow was in the 
channel. During the spring (April 15 to May 7, 2006) and fall 
(September 15 to October 14, 2006) periods when flows were 
low, an estimated average channel width of 5.1 m was used 
in the model. During the summer (May 8 to September 14, 
2006) period when the flows were high, an estimated average 
channel width of 7.1 m was used (fig. 13). The soil boundary 
was increased for the spring and fall periods when more soil 
was exposed as a result of the smaller channel width.

Two models were initially developed: one for 2005 and 
one for 2006. Simulations for 2005 did not produce stable 
results. The likely reason for this is the large upward hydraulic 
gradient from the bottom boundary to the streambed, and the 
short vertical distance between the thermistors in the center 
piezometer (TV3), which typically recorded the same tempera-
ture. Because of this data limitation, the simulation results for 
2005 are not discussed in this report.

 Stage data and water-level data were collected continu-
ously in TVck and piezometer TV3a from April 15 to 
October 14, 2006. Water levels were measured in piezom-
eters 1, 2, 4, and 5 only twice during 2006 (May 12 and 
October 14). The first water-level measurement corresponded 
to a period when water levels were rising quickly, and the 
second water-level measurement corresponded to a period 
when water levels in the aquifer were decreasing. The water 
levels during these times reflected a disconnection between 
the aquifer and the piezometer. Upon extraction of the 
piezometers in October 2008, it was seen that the piezometer 
screens had plugged, and thus the response time to equilib-
rium between the piezometers and aquifer was likely delayed. 
Therefore, it was assumed that a better method of estimating 
daily water levels in piezometers 1, 2, 4, and 5 would be to use 
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the hydraulic-head difference between these piezometers and 
piezometer 3 during a more steady-state period. The steady-
state period chosen was August 25, 2005, when piezometers 1, 
2, 4, and 5 had water levels that were 0.3 m greater than water 
levels in piezometer 3.

These initial simulations resulted in simulated tempera-
tures that closely approximated the measured data at the 
observation points, with the exception of thermistor TV4-75. 
Evaluation of thermographs for the Teton Village cross 
section (figure 26 in the “Supplemental Information” section) 
showed that there was more direct upward flow from thermis-
tor TV4-150 to thermistor TV4-75 than horizontal flow from 
thermistor TV5-75 to thermistor TV4-75 because the tempera-
tures between the latter thermistors did not correspond with 
each other. This increased vertical flow could be due to two 
potential causes: (1) the reworked channel potentially contains 
heterogeneous material and (2) the flow in the channel may be 
causing a velocity head on the side of the streambed that may 
be increasing the hydraulic head in piezometer TV4. There-
fore, two different types of changes were made to the model 
to try to simulate the increased upward flow. The first change 
was to add a small area with higher hydraulic conductivity 
to the right bank side of the stream, which would create a 
preferential upward flow. A simulation could not be completed 
with this change. The second change was to make the hydrau-
lic head in piezometer TV4 slightly higher (0.05 m) than 
the hydraulic head in piezometers TV1, TV2, and TV5. The 
subsequent simulations produced results that better matched 
the measured data (fig. 14).

The best match between simulated and measured 
temperatures occurred when the saturated hydraulic conduc-
tivity was set at 1x10-4 m/s in both the horizontal and vertical 
directions (fig. 14 and table 2). The lack of anisotropy at this 
cross section is likely due to the nonnatural, reworked nature 
of the streambed and may contribute to the small horizontal 
component of flow compared with the Resor’s Bridge and 
Wilson cross sections. However, the dominant vertical flow 
component is likely caused by the strong vertical hydraulic 
gradient.

Resor’s Bridge Cross Section

The middle section of Fish Creek is represented by 
the Resor’s Bridge cross section. This cross section is near 
the point where streamflow changes from intermittent to 
perennial.

A 2-D model of the Resor’s Bridge cross section was 
developed for the period June 6, 2005, to October 14, 2006. 
Figure 15 shows the physical design of the model used to 
simulate water and heat transport through the cross section. 
During the winter and spring, streamflow at the cross section 
decreased such that the stream width was less than in the 
summer and fall. Two sections of the streambed boundary in 
the model were modified to become no-flow boundaries for 

the low-flow period between December 3, 2005, and April 10, 
2006, as noted in figure 15. 

During the winter, the width of the channel decreased 
and although water was typically maintained across the bed, 
flow was minimal. The stream stage across the entire stream-
bed boundary was therefore estimated as the altitude of the 
miniTROLL. During much of the winter, the groundwater 
level was lower than the stream stage, and the groundwater 
and surface water appeared to have minimal hydraulic connec-
tion because the changes in the groundwater level were not 
related to changes in the stream stage. Adjusting the model to 
transport the heat merely by conduction, without advection, 
as if the groundwater were hydraulically isolated from the 
surface water, provided a poor match between the simulated 
and measured temperatures. This was verified by observing 
that the transport of heat in the stream (recorded at thermis-
tor RBck) did not transmit through the subsurface during the 
model simulation, in order to detect the temperature change in 
the observation thermistors. Therefore, although the volume 
of water recharging the groundwater was not sufficient to 
raise the hydraulic head of the groundwater to the level of the 
streambed, the simulated temperature data showed that there 
was a hydraulic connection between the surface water and 
the groundwater. Although the Resor’s Bridge cross-sectional 
model was not set up to evaluate unsaturated flow in the soil 
area, VS2DH is capable of simulating any unsaturated flow 
scenarios that might develop below the streambed.

The differences between simulated and measured 
temperatures at observation point RB4-75 were greatest during 
the winter months. The most likely cause of these differ-
ences was an error in estimating the groundwater level in 
piezometer RB4. Another possible error was in the estimated 
width of the streambed when the stream went partially dry 
in the winter. Observations during the winters of 2004–05 
and 2005–06 showed that the stream in the channel near the 
right bank was always flowing a small amount, but the exact 
streambed width was not known, as noted previously. An esti-
mated average width was used in the model. 

Comparisons between the simulated and measured 
temperatures at the observation points for different hydraulic 
conductivities determined that the best match of the tempera-
tures was when saturated horizontal hydraulic conductivity 
was set at 5x10-5 m/s and vertical hydraulic conductivity was 
set at 1x10-5 m/s (fig. 16). Although there are noted differ-
ences between simulated and measured temperatures (in late 
December to late April, in particular), this set of hydraulic 
conductivities yielded the best temperature match at the most 
important times, that is when fluxes were at their highest and 
the period of time between interpolated hydraulic heads in the 
piezometers was shortest. More weight was given to data from 
piezometer RB3’s observation point when determining best 
match because the majority of flow into the model area was 
from the bottom boundary (represented by piezometer RB3) 
and because the groundwater level for piezometer RB3 was 
measured rather than estimated. 



Figure 13.  Boundary conditions and observation points for the VS2DH model for the Teton Village cross section.
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Figure 14.  Simulated and measured temperatures for the Teton Village cross section. Horizontal 
hydraulic conductivity was set at 1x10-4 meters per second (m/s), and vertical hydraulic conductivity 
was set at 1x10-4 m/s.
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Figure 15.  Boundary conditions and observation points for the VS2DH model for the Resor’s Bridge cross section.
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Figure 16.  Simulated and measured temperatures for the Resor’s Bridge cross section. 
Horizontal hydraulic conductivity was set at 5x10-5 meters per second (m/s), and vertical 
hydraulic conductivity was set at 1x10-5 m/s.
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Wilson Cross Section

The farthest downstream site evaluated was the Wilson 
cross section. This site is on a perennial reach and is near 
USGS gaging station 13016450. The 2-D model of the Wilson 
cross section was designed for the period from June 6, 2005, 
to October 14, 2006. Figure 17 shows the physical design of 
the model used to simulate heat and water transport through 
the cross section. During the late fall, winter, and spring, 
streamflow at the cross section decreased such that the stream 
width was less than at other times of the year. The model was 
designed to have two sections of the streambed that convert 
to no-flow boundaries when the stage was low in the late fall, 
winter, and spring.

The physical design of the model for the Wilson cross 
section is consistent with the design of models for the Teton 
Village and Resor’s Bridge cross sections. Because of the 
increased stream width at Wilson, the width of the simulated 
area is much greater than the depth (or height) in the model 
as seen in the model schematic (fig. 17). The large difference 
between width and depth made it unreasonable to assume that 
data collected at piezometer W3 would represent the physical 
characteristics of the subsurface below the entire width of the 
stream channel. Although the true extent of piezometer W3’s 
zone of influence was not known exactly, it was assumed that 
the data from the piezometer represented conditions within a 
distance of about 4.5 m on each side of the piezometer. This 
value is slightly smaller than the 6-m distance for the center 
piezometer at Resor’s Bridge, but due to the uncertainty 
associated with the Wilson cross section, the 4.5-m distance 
was considered a reasonable assumption. On the basis of 
the piezometer distribution, it was not possible to specify 
boundary conditions across the entire perimeter of the cross 
section. Therefore, the 2-D model was designed as three one-
dimensional models running at the same time, with a left-bank 
section, a center-channel section, and a right-bank section. 

Evaluation of simulated thermographs showed that the 
relation between the bottom boundary (represented by piezom-
eter 3) and the streambed was reasonably described by the 
model on the basis of close matches between simulated and 
measured temperatures at thermistor W3-30 (fig. 18). Initially, 
the ability of the model to simulate reasonable temperatures at 
thermistors W2-75 and W4-75 was not as good. After evaluat-
ing several potential causes for the lack of agreement, it was 
determined that the thermistor recording soil temperature at 
the Wilson cross section and used for the land-surface bound-
ary condition (Wsoil, fig. 11) showed large temperature fluc-
tuations that influenced the simulated subsurface temperatures. 
This thermistor was in an exposed location with little vegeta-
tion nearby, unlike the surrounding area, and likely did not 
represent the soil temperature of the general area. Therefore, 
soil temperature data from the Resor’s Bridge cross section 
were used for the land surface’s specified-temperature bound-
ary condition in the Wilson cross-sectional model. 

The streambed boundary had two widths to accommo-
date the change in stream width during the year. The channel 

width was 17.8 m from June 6 to October 7, 2005, and May 9 
to October 14, 2006, and was 12.6 m from October 8, 2005, to 
May 8, 2006, as noted in figure 17.

Comparison of simulated and measured temperatures 
(fig. 18) showed the best match was when the saturated 
hydraulic conductivity was set at 1x10-4 m/s in the horizon-
tal direction and 5x10-6 m/s in the vertical direction (table 
2). Temperature matches for observation points in piezom-
eters W2 and W4 were not as close as those for other loca-
tions, and the difference was likely due to uncertainties with 
respect to the exact location, temperature, and flow condition 
of the bottom boundary near the sides of the model. However, 
matches were considered satisfactory for proceeding with 
estimating fluxes for the cross section.

Characterization of Interactions 
between Surface Water and Near-
Stream Groundwater

The interactions between surface water and near-stream 
groundwater are qualitatively described in this report as the 
direction and relative magnitude of flow based on measured 
water levels and temperatures. Interactions are quantitatively 
described as fluxes between surface water and groundwater 
based on simulations of flow and heat transport. The simulated 
fluxes are compared with the streamflow gains and losses 
determined during the 2004 seepage investigation.

Direction and Magnitude of Flow Based on 
Measured Stage, Water-Level, and Temperature 
Data

Hourly and daily mean stream-stage data, water-level 
data from piezometer 3, and temperature data from all piezom-
eters and the stream were examined to determine the direction 
and relative magnitude of flow between the surface water and 
the groundwater in the center of the channel at each stream 
cross section. These data (figures 26–31 in the “Supplemen-
tal Information” section) were used in the model calibration 
process as previously described, but also were qualitative 
indicators of flow direction and magnitude.

Teton Village Cross Section
Stream-stage and groundwater-level data collected at 

the Teton Village cross section showed that during the period 
when the stream flowed (from middle to late April through 
early November), the groundwater level was higher than the 
stream stage, indicating that streamflow was a result of the rise 
in the groundwater table (fig. 19A). During 2005 and 2006, 
the flux of water was consistently upward, from ground
water to surface water; differences in hydraulic head between 



Figure 17.  Boundary conditions and observation points for the VS2DH model for the Wilson cross section.
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Figure 18.  Simulated and measured temperatures for the Wilson cross section. Horizontal 
hydraulic conductivity was set at 1x10-4 meters per second (m/s), and vertical hydraulic 
conductivity was set at 5x10-6 m/s.
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groundwater at the midchannel piezometer (TV3/TV3a, depths 
of 0.8 and 1.4 m) and surface water ranged from near zero 
to 0.2 m (fig. 19B). The influence of this continuous upward 
flow can be seen in the temperature data from the midchannel 
piezometer (TV3/TV3a; fig. 19C); data from thermistors in 
this piezometer do not show the diurnal oscillation of tempera-
tures evident in the data from the stream thermistor (TVck). 
The thermistor’s lowest recordable value is -2 degrees Celsius. 
During April 2005, the values from thermistor TVck were 
sometimes greater than 18 degrees Celsius; however, the exact 
values are not necessary to see the relations between all therm-
istors. The temperature was relatively uniform with depth in 
the streambed, indicating the continuous upward advection 
of heat was stronger than the downward conduction through 
the water and sediment. Alternatively, during the periods of 
no streamflow there was a strong temperature gradient in the 
streambed. A short period of downward flow occurred in early 
November, before the no-flow period. The abrupt change in 
flow direction is reflected in the thermal pattern for that period 
in figure 19C.

Resor’s Bridge Cross Section
Stream-stage and groundwater-level data collected at the 

Resor’s Bridge cross section show the stream has a general 
pattern of gaining water from groundwater during a 2- to 
4-month period in the summer and recharging groundwater 
during the spring and fall (fig. 20A). The sharp rise in ground-
water in late April and early May likely was in response 
to snowmelt on the valley floor, an increase in recharge to 
the aquifer in the westbank area, higher stages in the Snake 
River, and infiltration of snowmelt on the western side of the 
valley. This rise in groundwater level causes flow to increase 
in Fish Creek. The higher stage in the stream is maintained 
during the summer by the raised groundwater table, which 
also is augmented by additional recharge from infiltration of 
irrigation water applied to the nearby fields. The difference in 
hydraulic head between the groundwater at the midchannel 
piezometer (RB3, depth of 1.0 m) and surface water during 
the period of streamflow gain at the Resor’s Bridge cross 
section ranged from 0 to 0.4 m (fig. 20B). The stream was 
flowing during all winter site visits, but commonly under ice 
and at a stage lower than the pressure transducer’s sensor due 
to the channel configuration. The lack of flow at the sensor is 
reflected as missing data in figure 20. The ice cover indicates a 
lack of substantial groundwater discharge to the stream in this 
reach during the winter.

The temperature data support the interpretation of the 
stage data, in particular the transition from a gaining stream to 
a losing stream (fig. 20). Temperature data from both thermis-
tors (RB3-30 and RB3-90) in the midchannel piezometer had 

minimal diurnal fluctuations during approximately mid-May to 
mid-July of both years when the stream was strongly gaining 
water from the groundwater. During other times of the year, 
the temperature data showed diurnal fluctuations when the 
stream was either gaining less water from the groundwater or 
recharging the groundwater (fig. 20C). The thermographs for 
thermistors RBck, RB3-30, and RB3-90 showed that pulses of 
cold water were able to infiltrate below the streambed during 
the winter at low flow. 

Wilson Cross Section
At the Wilson cross section, the flux of water in the 

streambed near the midchannel piezometer (W3) was primar-
ily from groundwater to surface water, as shown by the 
difference in hydraulic head between the groundwater level 
in piezometer W3 and the stream stage (Wck; fig. 21B). Two 
exceptions to this general case occurred during 2005. The first 
was during the summer when the gradient often was near zero, 
indicating a minimal amount of flux into or out of the stream. 
The second was during December when the data show a flux 
from the stream into the groundwater. Several days of cold air 
temperatures beginning December 6, 2005, with lows around 
-30°C and highs around -15°C, caused an ice dam immedi-
ately downstream from the Wilson cross section, and raised 
the stream stage 0.6 m over the course of a day and a half. 
The dramatic change in stage caused a difference of 0.24 m 
between the stage and the groundwater level in piezometer W3 
(fig. 21B), which forced colder surface water into the stream-
bed and groundwater. This event can be seen in the stage data 
and by a cold temperature pulse in piezometers W2, W3, W4, 
and W5 for 2 days beginning on December 8, 2005 (fig. 30 in 
the “Supplemental Information” section). 

Stream-stage and groundwater-level data collected during 
2006 show that Fish Creek at the Wilson cross section gained 
water from groundwater throughout the year. The difference 
in hydraulic head between the groundwater level at piezome-
ter W3 (at a depth of 0.7 m) and the stream stage was typically 
about 0.08 m and reached a maximum of 0.15 m.

Unlike temperatures at the Teton Village and Resor’s 
Bridge cross sections, temperatures from the midchannel 
thermistors (W3-30 and W3-90) at the Wilson cross section 
show diurnal fluctuations (fig. 21C) when the stream is 
gaining. One explanation is that the downward conduction of 
heat can penetrate to the depth of the piezometer, even with 
upward advection of heat, because the upward advection is 
small due to the small magnitude of the hydraulic head differ-
ence between groundwater and surface water at the Wilson 
cross section. However, this thermal pattern also may be the 
result of complex three-dimensional flow patterns on a local 
scale.



Figure 19.  Data collected at the Teton Village cross section. A, Hourly stage and groundwater-level measurements. B, Difference in 
hydraulic head between groundwater and surface water, March 5, 2005, to October 14, 2006. C, Hourly temperature measurements in 
surface water and in piezometer TV3/TV3a, October 15, 2004, to October 14, 2006.
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Figure 20.  Data collected at the Resor’s Bridge cross section. A, Hourly stage and groundwater–level measurements. B, Difference 
in hydraulic head between groundwater and surface water March 5, 2005, to October 14, 2006. C, Hourly temperature measurements 
in surface water and in piezometer RB3, October 15, 2004, to October 14, 2006. Fish Creek stage and groundwater-level data were not 
collected until March 2005.
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Figure 21.  Data collected at the Wilson cross section. A, Hourly stage stage and groundwater-level measurements. B, difference in 
hydraulic head between groundwater and surface water, March 5, 2004, to October 14, 2006. C, Hourly temperature measurements in 
surface water and in piezometer W3, October 15, 2004, to October 14, 2006.
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Fluxes Based on Simulations of Flow and Heat 
Transport

Groundwater and surface-water fluxes across the stream/
streambed interface can be estimated by using the simulation 
results from the calibrated flow model at each cross section. 
Flux values were calculated as flow across the model bound-
ary in cubic meters per day (m3/d). The flux across the bound-
ary is for the total length of the boundary, which varies among 
the boundaries. The flux per unit area (calculated by dividing 
the total flux across a boundary by the boundary length) is not 
given in this report but may be a useful value for the reader to 
calculate to describe the fluxes in a more normalized format.

The monthly mean flux across the stream/streambed 
interface was calculated by averaging all daily flux values for 
each day of a given month (table 3). The cumulative monthly 
flux in cubic meters per month (m3/month) was calculated by 
summing each daily flux value in a given month across the 
entire streambed boundary. Positive flux values indicate flow 
from near-stream groundwater to the stream, whereas nega-
tive flux values indicate flow from the stream to groundwater. 
Also included in table 3 is the monthly mean streamflow at 
the Fish Creek at Wilson gaging station (U.S. Geological 
Survey, 2008). Combining the results of the modeling effort 
with results from past studies of the area (Nelson Engineer-
ing, 1992; Wheeler and Eddy-Miller, 2005; Wyoming State 
Engineer’s Office, 2005) can help to expand the overall under-
standing of interactions between surface water and groundwa-
ter in the area near Fish Creek. 

Teton Village Cross Section

Water fluxes at the Teton Village cross section were 
estimated across four model boundaries: the streambed bound-
ary and three locations along the bottom boundary (fig. 22). 
During model development, fluxes also were estimated along 
the side boundaries of the model and it was determined that 
the input to the system across these boundaries was negli-
gible. Therefore, the bottom boundary of the VS2DH model 
was subdivided to represent the left bottom (eastern), center 
bottom, and right bottom (western) sides of the stream 
(fig. 22B). Flux estimates (fig. 22A) for the streambed bound-
ary are shown as positive when groundwater is moving past 
the streambed boundary into the stream, and negative when 
the flux of water is moving past the streambed boundary from 
the stream to groundwater. Flux estimates for the bottom 
boundaries are positive when the water flux is into groundwa-
ter and negative when the flux past the boundary is into the 
stream. Temperature distributions within the model domain 
and magnitude and direction of water flow for three selected 
dates are illustrated in figure 22C.

Overall, the groundwater flux across the streambed is 
primarily a result of upward flow into the stream channel 
rather than horizontal flow into the sides of the channel. Esti-
mated daily flux rates (averaged for each month) ranged from 

1.1 to 6.6 m3/d (table 3) into Fish Creek at the Teton Village 
cross section. Whenever the stream was flowing, there was 
a gradient from groundwater (high) to surface water (low)—
even when the water table was declining in the fall. The lack 
of anisotropy in the streambed sediment likely accounts for 
some of the predominance of the vertical flux.

In general, the water flux across the streambed had the 
same general direction and relative magnitude, with a slight 
lag, as the stages in the stream and the water levels in piezom-
eter TV3 throughout the year. Fluxes from groundwater to Fish 
Creek ranged from 16 to 199 m3/month. The quick increase 
in flow during spring is likely due to a rise in the water table 
caused by groundwater recharge from a combination of valley 
snowmelt, irrigation application to nearby fields, an increase 
in stage in the nearby Snake River, and deep groundwater flow 
from snowmelt in the mountain range to the west. The slow 
decrease in stage and groundwater levels throughout the year 
is likely due to the trailing off of the snowmelt pulse through 
the deeper groundwater and a slow decrease in the stage of the 
Snake River (fig. 23). Comparisons of fluxes to precipitation 
showed little correlation, indicating that groundwater inflow is 
a more prominent component of streamflow.

Figure 22 (A and C) shows that the flux across the right-
bottom (western) boundary accounts for more of the flow 
across the streambed than flux across the other two bottom 
boundaries. The fluxes across the left-bottom (eastern) and 
center-bottom boundaries were relatively equal throughout 
the spring and summer, and reflected an overall slow increase 
of discharge into the stream. The increase in stream stage 
and groundwater level from April to June resulted from the 
increased stage of the Snake River and subsequent recharge 
(Wyoming State Engineer’s Office, 2005), and recharge from 
the infiltration of irrigation water in nearby ditches and applied 
to fields. The flux across the right-bottom boundary (western) 
is more likely due to a deeper pulse of water from snowmelt 
on the nearby mountain flanks. In early to mid-September, 
the fluxes across all boundaries quickly decreased, likely 
because of a decrease in irrigation water applied to nearby 
fields, which likely maintains the increased water table in the 
aquifer, and to a drop in the stage of Fish Creek. After the 
drop in stage, water was lost to the aquifer across the center-
bottom boundary (shown as a positive flux in figure 22A), and 
the water flux from groundwater to surface water across the 
streambed boundary was maintained in part by flux across the 
eastern and western parts of the bottom boundary. Addition-
ally, this flux scenario may indicate longitudinal flow in the 
streambed parallel to the direction of streamflow.

Qualitatively, data show that temperatures on the eastern 
side, even at depth, do not drop as low and are not as steady 
as temperatures on the western side and in the center of the 
channel (fig. 26 in the “Supplemental Information” section). 
This larger separation of temperature on the eastern side 
compared to the western side also indicates a decrease in 
advection on the eastern side, which likely corresponds with 
the silt/sand point bar on that side of the channel. (Heat 
transport in systems that is primarily by advection results in 



Table 3.  Summary of estimated flux from groundwater to surface water across the streambed boundary in models of Fish Creek cross 
sections.

[m3/d, cubic meter per day; m3/month, cubic meter per month; m3/s, cubic meter per second; NM, not modeled; negative numbers indicate flow is from surface 
water to groundwater]

Month

Streamflow1, 
Fish Creek at Wilson  

(station 13016450)  
(m3/s)

Monthly mean flux (m3/d) Cumulative monthly flux (m3/month)

Teton Village 
cross section

Resor’s Bridge 
cross section

Wilson  
cross section

Teton Village 
cross section

Resor’s Bridge  
cross section

Wilson  
cross section

2June 2005 15.7 NM 2.9 0.1 NM 86 3

July 2005 12.7 NM 1.1 .2 NM 36 6

August 2005 9.1 NM -.6 .4 NM -20 11

September 2005 7.9 NM -1.6 .4 NM -48 11

October 2005 3.4 NM -2.5 .5 NM -79 16

November 2005 1.6 Dry -3.8 .5 Dry -114 16

December 2005 1.1 Dry -1.9 .3 Dry -57 9

January 2006 1.2 Dry -1.5 .4 Dry -46 13

February 2006 1.1 Dry -2.2 .4 Dry -61 11

March 2006 1.1 Dry -2.5 .4 Dry -76 13

April 2006 2.7 4.4 .6 .6 66 19 18

May 2006 11.1 5.4 5.1 .4 168 159 13

June 2006 18.8 6.6 7.4 .6 199 222 18

July 2006 12.5 5.6 3.8 .7 173 119 21

August 2006 7.8 4.9 .7 .8 152 21 26

September 2006 6.3 3.0 -.7 1.1 89 -21 33

October 2006 3.4 1.1 -1.4 1.2 316 4-19 418
1U.S. Geological Survey, 2008.
2Calculation based on 24 days of simulated fluxes in June 2005.
3Calculation based on simulated fluxes for all days (14) where water was in the creek during October 2006.
4Calculation based on 14 days of simulated fluxes in October 2006.
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smaller differences in the temperature between two points 
in the subsurface (Jim Constantz, U.S. Geological Survey, 
oral commun., 2008.)) Additionally, groundwater in piezom-
eters on the eastern side of the stream tended to have higher 
temperatures than groundwater in piezometers on the western 
side of the stream, possibly due to a shallow influx of recently 
recharged groundwater (that is, from irrigation of nearby fields 
or Snake River recharge) or the slower moving groundwater 
from the eastern side being affected by the downward flux of 
heat from the sun warming the soil in the summer. The lower 
and less dynamic temperatures on the western side of the 
stream are more indicative of a deeper, steady source of water, 
such as infiltrated snowmelt.

The estimated flux from groundwater into the stream 
along the seepage investigation reach near Teton Village 
was calculated for August 2006 by using the simulated flux 
values for comparison with the seepage investigation estimate 
of the stream gain over that reach in August 2004 (Wheeler 
and Eddy-Miller, 2005). The daily flux of water for August 
2006 was calculated by multiplying mean monthly flux per 
unit area by an estimated average stream width in the reach 
and by an estimated length of the reach. The average stream 
width (3.5 m) was estimated by adding the stream width at the 
upstream end of the reach to the downstream end of the reach 
and dividing the sum by two. The stream length was estimated 
at 1,525 m by using an interactive geographic information 



Figure 22.  Selected flux information for the Teton Village cross section. A, Daily flux across streambed, left-bottom, center-bottom, and 
right-bottom boundaries; stage of Fish Creek; and water level in the streambed piezometer (TV3a) from April 15 to October 14, 2006.  
B, Location and length of flux boundaries in model for which output is shown in A. C, Simulated temperature distributions inside the 
model domain on three selected dates (arrows indicate direction and relative magnitude of water flux).
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Figure 23.  Average air temperature at Moose, Wyo., stage of Snake River and Fish Creek, and groundwater levels at selected 
piezometers in the study area. (All stage and groundwater altitudes are relative to an arbitrary datum established for each site.)

Jackson

Moose

Wilson

Moose-
Wilson 
Road

13016450

Fi
sh

C
re

ek
Sn

ak
e

R
iv

er

26

89Teton Village

W3

RB3

TV3/TV3a

13013650

1

1.5

2

2.5

3

3.5

4

4.5

03/01/05 04/30/05 06/29/05 08/28/05 10/27/05 12/26/05 02/24/06 04/25/06 06/24/06 08/23/06 10/22/06ST
RE

AM
 S

TA
GE

 O
R 

GR
OU

N
DW

AT
ER

 L
EV

EL
, I

N
 M

ET
ER

S,
 R

EL
AT

IV
E 

TO
 A

N
 A

RB
IT

RA
RY

 D
AT

UM
 E

ST
AB

LI
SH

ED
 F

OR
 E

AC
H 

SI
TE

Mean daily air temperature at Moose, Wyoming 
   (station 486428, National Climatic Data Center, 
   2009)

EXPLANATION

Surface-water stage

Groundwater altitude at streambed piezometers

Snake River at Moose (station 13013650)
Fish Creek at Wilson (plus 2 meters) (station 13016450)

TV3
TV3a
RB3 (plus 2 meters)
W3 (plus 2 meters)

DATE

15

25

35

45

55

65

−25

−15

−5

M
EA

N
 T

EM
PE

RA
TU

RE
, I

N
 D

EG
RE

ES
 C

EL
SI

US

5

36    Interactions between Surface Water and Near-Stream Groundwater along Fish Creek, Using Heat as a Tracer



Characterization of Interactions between Surface Water and Near-Stream Groundwater    37

system package (Teton County, 2009). The estimated volume 
of water discharged from groundwater into the stream was 
3,700 m3/d on the basis of the flux calculation. The esti-
mated volume of groundwater discharged into Fish Creek 
during August 2004, based on the seepage investigation, was 
58,000 m3/d (Wheeler and Eddy-Miller, 2005). These two 
estimates differ by a factor of about 16, likely as a result of 
spatial differences along the reach of the Teton Village seepage 
investigation compared to the cross section and temporal 
differences in the hydrologic system (e.g. snow melt infiltra-
tion, amount of irrigation application, or stage of the Snake 
River) during the 2 years.

The Teton Village cross section where flux was simulated 
is at the downstream end of the seepage investigation reach. 
Due to the potential variance of flux along the 1.5-km reach, 
as demonstrated by the difference in flux among the three 
cross sections, it is likely that fluxes determined at the lower 
end of the reach were less than the average flux for the entire 
reach in 2006.

Evaluation of streamflow and stage at nearby gaging 
stations also indicates that Fish Creek had more flow in 
August 2004 than in August 2006. The Fish Creek at Wilson 
gaging station recorded 1.4 times more flow in August 2004 
than in August 2006 (U.S. Geological Survey, 2008). The river 
stage at the Snake River at Moose gaging station (13013650) 
was much higher in 2004 than in 2006—the lowest stage 
recorded in August 2004 (2.93 m, August 15–18) was equal to 
the highest stage recorded in August 2006. Because the Snake 
River is a source of water for Fish Creek, it is likely that the 
higher stages in the Snake River and infiltration of irrigation 
diversions resulted in increased groundwater recharge and thus 
increased flux from groundwater to Fish Creek.

Although there were inherent errors with estimations of 
hydraulic parameters, fluxes, and average flux over the reach, 
it was useful to compare the two methods to determine if 
similar values for flux would be obtained. Although the two 
methods produced different flux estimates for the two different 
years (2004 and 2006), supporting information indicates that 
the flux in 2004 would have been larger than the flux in 2006, 
and the calculations support the use of both methods for flux 
estimation. 

Resor’s Bridge Cross Section
Water fluxes at the Resor’s Bridge cross section were 

estimated across four model boundaries: streambed, eastern 
side (left bank), bottom of model, and western side (right 
bank; fig. 24). The estimated daily flux (averaged for each 
month) of water from the groundwater into Fish Creek ranged 
from -3.8 to 7.4 m3/d (table 3) at the Resor’s Bridge cross 
section. The estimated fluxes show that most of the flux from 
groundwater to the surface water occurred from mid-April 
to mid-August as indicated by the highest positive fluxes in 
figure 24A. The cumulative monthly flux to Fish Creek from 
groundwater was highest during June 2006 (222 m3). Most 
of this flux likely resulted from a rise in groundwater level 

caused by infiltration of valley snowmelt, a snowmelt pulse 
from the mountain range to the west, an increased flux from 
the Snake River into the alluvial aquifer, and infiltration of 
applied irrigation water. The flux switched to near equilibrium 
during late August to early September when the groundwater 
levels began to slowly decline, likely as a result of reduced 
recharge from mountain snowmelt and the Snake River. Fish 
Creek at the Resor’s Bridge cross section became a losing 
reach during the fall and winter as groundwater levels contin-
ued to decline when recharge from sources such as mountain 
snowmelt, the Snake River, and irrigation water tapered off. 
The largest cumulative monthly flux of water from Fish Creek 
to groundwater occurred during November 2005 (114 m3).

Fish Creek had both gaining and losing periods at the 
Resor’s Bridge cross section, whereas it was always gaining 
at Teton Village. The timing of increases and decreases in 
the water table at the Resor’s Bridge and Teton Village cross 
sections was similar, although the duration of the higher fluxes 
of water from groundwater to the creek did not last as long at 
the Resor’s Bridge cross section. The differences in response 
and timing of changes in the stream for Resor’s Bridge were 
likely due to the location of the cross section, which is down-
stream from the Teton Village cross section. The increased 
distance could cause a delay in and dampening of responses 
to irrigation and other recharge. Additionally, as noted by 
Nelson Engineering (1992), water-table fluctuations generally 
decrease in the downstream direction.

Figure 24A shows that although there are only 16 months 
of data, the seasonal pattern appears to repeat. In general, 
the flux across the streambed boundary had a similar pattern, 
with a slight lag, to that of the stream stage and that of the 
water level in the piezometer. The flux was from groundwater 
to the stream during spring to midsummer. Comparisons of 
flux across the streambed boundary to precipitation showed 
little correlation, indicating that groundwater inflow is a more 
prominent component of streamflow input than surface runoff.

During high flow in 2006, in particular, some of the flux 
that discharged through the streambed was across the right 
(western) side boundary. The flux across the western side also 
can be seen in the thermographs from the Resor’s Bridge cross 
section and a nearby perennial spring (fig. 28 in the “Supple-
mental Information” section). In contrast to the temperatures 
at piezometers RB1 and RB2 on the eastern side, temperatures 
at piezometers RB4 and RB5 on the western side are similar in 
magnitude to temperatures at Resor’s Spring (upstream; fig. 2, 
fig. 28), indicating that the source of shallow groundwater on 
the right bank is potentially similar to the water source of the 
spring. 

Wilson Cross Section
Water fluxes at the Wilson cross section were estimated 

across four model boundaries: streambed, eastern (left) side, 
bottom of model, and western (right) side (fig. 25). Although 
the model boundaries do not represent the entire area where 
water could possibly flow into or out of the model domain 



Figure 24.  Selected flux information for the Resor’s Bridge cross section. A, Daily flux across streambed, eastern side, bottom, and 
western side boundaries; stage of Fish Creek; and water level in the streambed piezometer (RB3) from June 6, 2005, to October 14, 2006. 
B, Location and length of flux boundaries in model for which output is shown in A. C, Simulated temperature distributions inside the 
model domain on three selected dates (arrows indicate direction and relative magnitude of water flux).
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Figure 25.  Selected flux information for the Wilson cross section. A, Daily flux across streambed, eastern side, bottom, and western 
side boundaries; stage of Fish Creek; and water level in the streambed piezometer (W3) from June 6, 2005, to October 14, 2006.  
B, Location and length of flux boundaries in model for which output is shown in A. C, Simulated temperature distributions inside the 
model domain on four selected dates (arrows indicate direction and relative magnitude of water flux).
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(because of the lack of a continuous bottom boundary), the 
flux estimate provides valuable information about the sources 
of water flux into the stream, the amount of flux from ground-
water to the stream, and the relation between flux and ground-
water levels and stream stage at the cross section.

The flux distribution shows that the contribution of water 
into the model domain across the eastern and western sides is 
small compared to the contribution across the bottom bound-
ary (fig. 25A), which is similar in length (fig. 25B). Most of 
the water exiting the model through the streambed came into 
the model across the bottom boundary. Figure 25A also shows 
that more flux enters the model domain from the eastern side 
of the stream than from the western side. The estimated daily 
flux of water (averaged for each month) into Fish Creek at the 
Wilson cross section ranged from 0.1 to 1.2 m3/d (table 3), 
and was about an order of magnitude smaller than the flux into 
the creek during gaining periods at both the Teton Village and 
Resor’s Bridge cross sections. This indicates that although the 
stream is gaining, the input is small, and most of the water 
flowing past the cross section is from upstream. Fluxes from 
groundwater into the creek at the Wilson cross section ranged 
from 3 to 33 m3/month during the study period.

Figure 25A shows the flux of water across the model 
boundaries, the stage of Fish Creek, and the groundwater level 
in the streambed piezometer (W3). The flux of water between 
the stream and the nearby groundwater was nearly always 
from the groundwater to the stream. The only exception was 
during an ice jam that raised the stage of the stream during 
December 2005. Cold temperatures produced an ice dam 
in the stream near the Fish Creek at Wilson gaging station, 
producing a short period of backwater stages and groundwater 
flux reversal (figs. 7 and 25A). A visual comparison of flux, 
stream stage, and groundwater levels showed that unlike the 
fluxes at the Teton Village and Resor’s Bridge cross sections, 
the flux into Fish Creek at Wilson was relatively steady and 
did not vary with the changes in stage and groundwater levels 
that occurred throughout the year. 

The pattern of water flux from groundwater into the 
stream (fig. 25A) shows little correlation to temperature 
recorded at Moose (fig. 23). This was likely due to the loca-
tion of the Wilson cross section in the watershed (downstream 
from the other two cross sections) and the input of tributary 
surface water that would account for more water in the stream 
during the high flow time of the year. The higher streamflow 
would likely result in a smaller proportion of groundwater 
inflow relative to that at the Teton Village and Resor Bridge 
cross sections.

Comparison between Simulated Fluxes and 
Streamflow Gains/Losses from 2004 Seepage 
Investigation

Comparison between the flux estimates from model simu-
lations and the streamflow gains and losses determined during 
the 2004 seepage investigation (Wheeler and Eddy-Miller, 

2005) is helpful for determining patterns in the hydrologic 
system. Although the same flux values are not expected in two 
different years, the patterns in flux summaries were similar to 
those resulting from the seepage measurements in August and 
November 2004 (fig. 3).

Stage and water-level data (fig. 19) and simulated fluxes 
(fig. 22) indicate that as long as there was water in Fish Creek 
at the Teton Village cross section, a flux from groundwater to 
the stream could be calculated. These data indicated a gaining 
stream reach, which corroborated the seepage data collected in 
August 2004 that indicated that the reach containing the Teton 
Village cross section was a gaining reach (fig. 3). 

The fluxes at the Resor’s Bridge cross section (fig. 24) 
during mid-August in both 2005 and 2006 were near equilib-
rium, which corresponds with no gain determined from the 
seepage data collected in August 2004 (fig. 3). The Novem-
ber flux data showed a downward flux from the stream to 
groundwater, whereas the seepage data indicated a gain in 
streamflow. This discrepancy could be due to several factors, 
including (1) the seepage investigation included the entire 
reach, whereas the simulation was limited to the cross section, 
(2) difficulty in measuring low flows at the site could have led 
to measurement error, (3) the streambed model boundary may 
not have been defined well enough for the low-flow period, 
and (4) patterns of flux in 2004 may have been different from 
patterns in 2005 and 2006.

All positive fluxes of groundwater into the stream at the 
Wilson cross section were about an order of magnitude smaller 
than those at the Teton Village and Resor’s Bridge cross 
sections, indicating that the amount of groundwater contrib-
uting to the overall flow of Fish Creek at the Wilson cross 
section is small. The seepage investigation determined that the 
section of stream that ended at the Wilson cross section had no 
gain during both August and November 2004 (fig. 3), which 
would correspond to a minimal input of water from ground-
water at the cross section. This does not necessarily indicate 
that the cumulative flux of groundwater into the stream in 
the reaches upstream and downstream from the Wilson cross 
section is unsubstantial, as indicated by the lack of ice on the 
stream during extended periods of below-freezing tempera-
tures in the area. 

Synopsis of Interactions Related to the 
Hydrology of Fish Creek

Total monthly fluxes of water across the streambed 
summarized in table 3 showed that the flux of water into and 
out of Fish Creek varied along the stream spatially and season-
ally. The data indicated a constant flux of water from ground-
water to the stream at the Teton Village cross section, a change 
in flux direction seasonally at the Resor’s Bridge cross section 
(a gaining reach in the summer and a losing reach in the 
winter), and a constant small volume of water moving from 
groundwater to the stream at the Wilson cross section. 
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Stream stage and groundwater levels indicate that upper 
Fish Creek responds rapidly to a rise in the alluvial aquifer’s 
water level (fig. 23), likely due to several factors, including 
increased aquifer recharge from high flows in the Snake River, 
rapid infiltration of snowmelt, or infiltration of applied irriga-
tion water. This condition of elevated ground water levels 
causing higher streamflows is somewhat atypical; in many 
streams, high streamflows commonly result in recharge to 
groundwater. Flow in lower Fish Creek near Wilson appears 
to be affected by a combination of those factors previously 
mentioned and by inflow from tributaries.

During the spring and early summer, fluctuations in 
stream stage typically coincide with mean daily air tempera-
tures (fig. 23), due to the relation between daily snowmelt and 
temperatures. The rapid response to valley snowmelt can be 
observed in the small peak in mid-April 2005 and 2006 data 
from Fish Creek and the Snake River and from the streambed 
piezometers at the Resor’s Bridge and Wilson cross sections 
(piezometers RB3 and W3, respectively; fig. 23). In the upper 
reach, near Teton Village, groundwater levels rapidly increase 
and decrease, likely in response to snowmelt and applied 
irrigation water recharging the alluvial aquifer. Generally, the 
same holds true midway through the Fish Creek watershed at 
piezometer RB3 in the Resor’s Bridge cross section, although 
the recession of groundwater levels is smoother than at the 
other two cross sections as the irrigation season ends and 
flows decrease in the Snake River. This more gradual reces-
sion may indicate a reduced hydraulic connection. The Resor’s 
Bridge cross section is upstream from the Lake Creek conflu-
ence, whereas the Wilson cross section is downstream. At the 
Wilson cross section, the water levels in piezometer W3 and 
stream stage at station 13016450 more closely match stage 
fluctuations in the Snake River than do water levels in piezom-
eters at the two other cross sections (fig. 23). This difference 
is because Fish Creek at Wilson is influenced by a combi-
nation of alluvial recharge and tributary inflow from Lake 
Creek. (Lake Creek is directly affected by diversions from the 
Snake River and recharge from infiltration upgradient from 
Lake Creek causing an increased water table and subsequent 
discharge into Lake Creek.)

Specifically, the Teton Village reach is strongly influ-
enced by two factors: (1) snow in the basin directly upstream 
in the watershed and (2) large fluctuations in the water table. 
The Resor’s Bridge reach is influenced by a combination 
of (1) a rise in groundwater level likely due to both infiltra-
tion of valley snowmelt and recharge to the alluvial aquifer 
along the west bank from the higher stage of the Snake River, 
(2) a snowmelt pulse from the mountain range to the west, 
and (3) the application of irrigation water. The summer flows 
at Wilson are influenced by flow upstream in Fish Creek, 
tributary inflows, and a small, constant inflow of groundwater. 
Streamflows at Wilson in the winter are influenced similarly, 
except that tributary inflows are minimal.

The qualitative patterns of gain and loss are in general 
agreement with qualitative results from previous investiga-
tions. However, this study provides quantitative information 

that can be used for future studies of Fish Creek, such as nutri-
ent budgets, simulation of surface water and groundwater flow, 
and simulations of surface water/groundwater interactions in 
the southwestern area of Jackson Hole.

Summary
Fish Creek, a tributary of the Snake River, is about 

25 river kilometers long, and is located in Teton County in 
western Wyoming near the town of Wilson. Local residents 
began observing an increase in the growth of algae and aquatic 
plants in the stream during the last decade. Due to the known 
importance of groundwater to surface water in the area, the 
U.S. Geological Survey (USGS) in cooperation with the Teton 
Conservation District conducted a study to characterize the 
interactions between surface water and near-stream groundwa-
ter along Fish Creek. 

The study has two main objectives: (1) develop an 
improved spatial and temporal understanding of water flow 
(fluxes) between surface water and groundwater and (2) use 
simulations from a two-dimensional groundwater-flow and 
heat-transport model to interpret measured temperature and 
hydraulic-head distributions and to describe groundwater flow 
near Fish Creek. The study is intended to augment hydrologic 
information derived from previously published results of a 
seepage investigation of Fish Creek. Seepage measurements 
provide spatially averaged gains and losses over an entire 
reach for one point in time, whereas continuous temperature 
and water-level measurements provide continuous estimates of 
gain and loss at a specific location. 

Stage, water level, and temperature data were collected 
from surface water and from piezometers completed in an 
alluvial aquifer at three cross sections on Fish Creek at Teton 
Village, Resor’s Bridge, and Wilson from October 2004 to 
October 2006. All three cross sections had two piezometers on 
the left bank (representing the eastern side of the stream), one 
in the center of the stream, and two on the right bank (repre-
senting the western side) of the stream. The data were used 
to (1) calibrate cross-sectional models of flow into or out of 
the stream by using the two-dimensional model VS2DH and 
(2) qualitatively describe the direction and relative magnitude 
of flow between surface water and groundwater. 

The flow and energy (heat) transport model VS2DH and 
the graphical user interface VS2DI were used to simulate flow 
through the streambed of Fish Creek. Two-dimensional verti-
cal cross sections perpendicular to the direction of stream-
flow were developed for each monitored cross section. The 
physical and hydrologic setting was characterized by using 
land surveys and data collected from thermistors and the 
stream, and from hand-measured water levels in the piezom-
eters at each cross section. The model was designed to have 
daily recharge periods, and simulation periods were April 15 
to October 14, 2006, (183 recharge periods) for the Teton 
Village cross section, and June 6, 2005, to October 14, 2006, 
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(496 recharge periods) for the Resor’s Bridge and Wilson 
cross sections.

A trial-and-error technique was used to determine the best 
match between simulated and measured data. These results 
were then used to calibrate the cross-sectional models and 
determine horizontal and vertical hydraulic conductivities. The 
fluxes of groundwater into the stream or fluxes of stream water 
into the alluvial aquifer were estimated by using the calibrated 
VS2DH model. 

Results of the simulations indicated that surface water/
groundwater interaction and hydraulic properties were differ-
ent at the three cross-sections. At the most upstream cross 
section, Teton Village, Fish Creek flowed intermittently and 
continually gained relatively large quantities of water from 
April through September. During other times of the year, the 
stream was dry near the cross section. Saturated hydraulic 
conductivity set at 1x10-4 m/s in both the horizontal and verti-
cal directions resulted in the best match between simulated 
and measured temperatures. The Resor’s Bridge cross section, 
about midway between the other two cross sections, was near 
the point where perennial flow begins. At this cross section, 
the stream gained water from groundwater during high flow 
in late spring and summer, was near equilibrium with ground-
water during August and September, and lost water to ground-
water during the remainder of the year. Horizontal hydraulic 
conductivity set at 5x10-5 m/s and vertical hydraulic conductiv-
ity set at 1x10-5 m/s resulted in the best match between simu-
lated and measured temperatures. The Wilson cross section, 
the most downstream site, was at USGS streamflow-gaging 
station 13016450. This part of the stream is perennial and was 
almost always gaining a small volume of water from ground-
water. Saturated hydraulic conductivity set at 1x10-4 m/s in the 
horizontal direction and at 5x10-6 m/s in the vertical direction 
resulted in the best match between simulated and measured 
temperatures.

Quantitative values of the flux from groundwater into 
the stream were estimated by using VS2DH and ranged from 
1.1 to 6.6 m3/d at the Teton Village cross section, from -3.8 
to 7.4 m3/d at the Resor’s Bridge cross section, and from 
0.1 to 1.2 m3/d at the Wilson cross section. Monthly fluxes 
ranged from 16 to 199 m3/month at the Teton Village cross 
section, from -114 to 222 m3/month at the Resor’s Bridge 
cross section, and from 3 to 33 m3/month at the Wilson cross 
section.

Stream stage and groundwater levels indicate that upper 
Fish Creek responds rapidly to rises in the alluvial aquifer’s 
water level, likely due to several factors, including: rapid 
infiltration of snowmelt, infiltration of applied irrigation water, 
injection of tertiary treated sewage, and increased aquifer 

recharge from high flows in the Snake River. This condition 
of elevated groundwater levels causing higher streamflows 
is somewhat atypical; in many streams, high streamflows 
commonly result in recharge to groundwater. Flow in lower 
Fish Creek near Wilson appears to be affected by a combina-
tion of the previously mentioned factors and by inflow from 
tributaries.

In the upper reach, near the Teton Village cross section, 
groundwater levels rapidly increase and decrease, likely in 
response to snowmelt and infiltration of applied irrigation 
water recharging the alluvial aquifer. Generally, the same 
holds true midway through the Fish Creek watershed at 
the Resor’s Bridge cross section, although the recession of 
groundwater levels is smoother than at the other two cross 
sections as the irrigation season ends and flows decrease in 
the Snake River. This more gradual recession may indicate 
a reduced hydraulic connection at the Resor’s Bridge cross 
section. The Resor’s Bridge cross section is upstream from 
the Lake Creek confluence, whereas the Wilson cross section 
is downstream. At the Wilson cross section, the water levels 
in piezometer W3 and stream stage at station 13016450 more 
closely match stage fluctuations in the Snake River than do 
water levels in piezometers at the two other cross sections. 
This difference is because Fish Creek at Wilson is influenced 
by a combination of alluvial recharge and tributary inflow 
from Lake Creek. (Lake Creek is directly affected by diver-
sions from the Snake River and recharge from infiltration 
upgradient from Lake Creek causing an increased water table 
and subsequent discharge into Lake Creek.)

Specifically, the Teton Village reach is strongly influ-
enced by two factors: (1) snowmelt in the basin directly 
upstream and (2) large fluctuations in the water table. The 
Resor’s Bridge reach is influenced by a combination of (1) a 
rise in groundwater level likely due to both infiltration of 
valley snowmelt and recharge to the alluvial aquifer along 
the west bank from the higher stage of the Snake River, (2) a 
snowmelt pulse from the mountain range to the west, and 
(3) recharge from irrigation water infiltration. Summer stream-
flows in the Wilson reach are maintained by streamflow in the 
upper part of the creek, tributary inflows, and a small, constant 
inflow of groundwater. Winter streamflows in the Wilson reach 
have similar inputs, except that tributary inflows are minimal. 

The qualitative patterns of gain and loss are in general 
agreement with qualitative results from previous investiga-
tions. However, this study provides quantitative information 
that can be used for future studies of Fish Creek, such as 
nutrient budgets, simulation of surface-water and groundwater 
flow, and simulation of surface water/groundwater interactions 
in the southwestern area of Jackson Hole.
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Glossary

advection  The transfer of heat by a moving fluid.

conduction  The transfer of heat by direct contact.
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through a permeable medium.

piezometer  A device used to measure groundwater pressure 
head at a point in the subsurface.

porosity  The ratio of the volume of void space volume in a 
substrate to the total volume.
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Figure 26.  Data from Teton Village cross section, April to October 2006: mean daily temperatures for Fish Creek, piezometers, and soil; stage in Fish Creek; and water levels in 
center piezometer.
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Figure 27.  Stage in Fish Creek and mean daily and hand-measured water levels in piezometers, Teton Village cross section.
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Figure 28.  Data from Resor’s Bridge cross section, June 2005 to October 2006: mean daily temperatures for Fish Creek, piezometers, and soil; hourly temperature in Resor’s 
Spring; stage in Fish Creek; and water levels in center piezometer.

6/1/05

DATE

7/1/05 8/1/05 11/1/059/1/05 10/1/05 12/1/05 1/1/06 2/1/06 3/1/06 6/1/064/1/06 5/1/06 7/1/06 8/1/06 9/1/06 10/1/06 11/1/06

ST
AG

E 
OR

 G
RO

UN
DW

AT
ER

 L
EV

EL
S,

 IN
 M

ET
ER

S 
AB

OV
E 

AR
BI

TR
AR

Y 
DA

TU
M

TE
M

P
ER

AT
UR

E ,
 IN

 D
EG

RE
ES

  C
EL

SI
US

Temperature

EXPLANATION

Stage

Groundwater 
   level

0.45

0.95

1.45

1.95

2.45

2.95

3.45

3.95

4.45

-4

0

4

8

12

16

Resor's Spring
RBck

RB2-75
RB2-150

RB4-75
RB4-150
RB5-75
RB5-150
RBsoil

RBck

RB3

RB1-75
RB1-150

RB3-90
RB3-30

50  


Interactions betw
een Surface W

ater and N
ear-Stream

 Groundw
ater along Fish Creek, Using Heat as a Tracer



Figure 29.  Stage in Fish Creek and mean daily and hand-measured water levels in piezometers, Resor’s Bridge cross section.
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Figure 30.  Data from Wilson cross section, June 2005 to October 2006: mean daily temperatures for Fish Creek, piezometers, and soil; stage in Fish Creek; and water levels in 
center piezometer.
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Figure 31.  Stage in Fish Creek and mean daily and hand-measured water levels in piezometers, Wilson cross section.
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