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Why 1s heat a good tracer for examining
stream-groundwater exchanges?

1. Heat isfree of real or percelved issues concerning
chemical tracers

2. Temperature is the parameter measured to use heat as a
tracer — temperature is an economical and robust
parameter to measure in the stream environment

3. Heat and groundwater transport models have become
widely accessible
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Part 1

Analysis of Diurnal Variationsin Stream
Temperature and Streamflow for Examining
Stream/Groundwater Exchanges

1. Stream temperature can vary diurnally and/or
streamflow can vary diurnally

2. The magnitude and phase (time of max/min) can aid
IN understanding stream/groundwater exchanges



Processes that influence diurnal
variations in streamflow

1. Snowmelt

2. Evapotranspiration

3. Streambed hydraulic conductivity
4. Water resources utilization
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Part 11

Streambed-Surface Temperature Analysis

1. Many streams are ephemeral, especialy in arid
and semi-arid regions

2. When and where the stream channel possess
streamflow Is akey element in understanding
stream/groundwater exchanges
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Hypothetical Response of the Streambed Surface to a
Range of Hydrological Conditions
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Spatial and Temporal Ephemeral Streamflow Patterns

1) Delay in peak flows down-channel
2) Decrease in amplitude of peak flows down-channel
3) Decrease in duration of streamflow down-channel
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Map of Trout Creek
Battle M ountain, NV.
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Part I11

Analysis of Variations in Streambed
Temperatures for Determining Stream-
Groundwater Exchanges
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Comparison of Streambed Infiltration Rates for the Santa Fe River

Streambed I nfiltration Rate

Method Initial, m/s Final, m/s
SITES 1.2 x 10° 5.0x 10°
USGS streamgages DY ()1 RSE—
Temperaturemodel  2.5x 10 1.2 x 10°

Temperaturearrival 2.18x10° e
time
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Piezometer setup for SCR 2, SCR 3, and SCR 5
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Diagram of piezometers and temperature logger s at
Zollner Creek near Mt. Angel, Oregon
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Upward gradient ~ 0.4
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\/ Water level in piezometer
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Piezometer--open ended
1.5-inch galvanized pipe
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Santa Clara River

Hydraulic Parameters based on Temperature Measurements

SCR3  5.59E-06 1.13E-04 4.93E-02
SCR5 2.10E-05 5.13E-05 4.10E-01
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Comparison of heat and bromide as
tracers on the Santa Clara River

1. Bromideis aconservative tracer

2. Heat 1s a non-conservative tracer in the sense
that heat dissipates to the surrounding sediments

3. Comparisons between the two tracers aid in
understanding pore-water/sediment interactions



Piezometer setup for SCR 2, SCR 3, and SCR 5
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Conclusions



Conclusions

1. Heat Is proving to be an excellent tracer of
stream-groundwater interaction in a
variety of hydrological settings

2. Comparison of heat with chemical tracers
should lead to a more comprehensive
understanding of stream-groundwater
Interactions



