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1. Heat is free of real or perceived 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



Interaction between stream 
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Analysis of Diurnal Variations in 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





























Streambed-Surface Temperature Analysis
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1. Many streams are ephemeral, especially in arid 
and semi-arid regions

2. When and where the stream channel possess 
streamflow is a key 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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Battle Mountain, NV.Battle Mountain, NV.
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Analysis of Variations in Streambed 
Temperatures for Determining Stream-

Groundwater Exchanges
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• Installed with NM 
District Geoprobe

• Continuous core 
collected at each nest



0 3 6 9 12 15 18 21 24 27
Temperature, in degrees Celsius

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

D
ep

th
 b

el
ow

 la
nd

 su
rf

ac
e,

 in
 m

et
er

s
09SEPT96
18OCT96
03DEC96
22JAN97
22APR97
02JUNE98
12AUG98

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

PDN01A 00
P04

0

2

4

6

8

10

12

4.0 9.0 14.0 19.0 24.0

Ground-water temperature, in degrees C

D
ep

th
 b

el
ow

 la
nd

 s
ur

fa
ce

, i
n 

m

15-Mar-99
05-Apr-99
05-May-99
05-Jun-99
05-Jul-99
05-Aug-99
05-Sep-99
05-Oct-99
05-Nov-99
05-Dec-99
05-Jan-00
05-Feb-00
05-Mar-00



Mtn front

Sandia Mtn

SpringPS-5
PS-4B

PS-3

PS-2

PS-1

Streambed Surface Temperature Probes
Benchmark Temperature ProbesTo The Rio 

Grande

PS-6

PS-7PS-8
1583 m

Approx. 100 m

N

PS-4
PS-5B





0

5

10

15

20

25

30

5/6/99 5/11/99 5/16/99 5/21/99 5/26/99 5/31/99 6/5/99 6/10/99 6/15/99

Te
m

pe
ra

tu
re

 (C
)

0.4 m
0.6 m
1.1 m
2.1 m
3.1 m
streamflow
dry streambed



6
8

10
12
14
16
18
20

6/9/97 6/9/97 6/10/97 6/10/97 6/11/97 6/11/97 6/12/97 6/12/97

Te
m

pe
ra

tu
re

 (C
) 0.4 m

0.6 m

0.6 m simulated

1.1 m

2.1 m



0
0.1
0.2
0.3
0.4
0.5
0.6
0.7

3/1/1999 3/31/1999 4/30/1999 5/30/1999

St
re

am
flo

w
 (m

3 /s
)

-5

5

15

25

35

45

Tem
perature (C

)
streamflow

surface

0.3 m

0.8 m

1.3 m

2.3 m

3.2 m



0

5

10

15

20

25

5/20/99 5/22/99 5/24/99 5/26/99 5/28/99

Te
m

pe
ra

tu
re

 (C
)



0

5

10

15

20

25

300000 350000 400000 450000 500000
Simulation Time (s)

Te
m

pe
ra

tu
re

 (C
)

surface
0.3 m
simulated 0.3 m



 Streambed Infiltration Rate 
Method Initial, m/s Final, m/s 
Flumes 1.2 x 10-5 5.0 x 10-6 
USGS streamgages 2.4 x 10-5 ----------- 
Temperature model 2.5 x 10-5 1.2 x 10-6 
Temperature arrival 
time 

2.18 x 10-5 ----------- 

 

Comparison of Streambed Infiltration Rates for the Santa Fe River
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Piezometer setup for SCR 2, SCR 3, and SCR 5



Diagram of piezometers and temperature loggers at 
Zollner Creek near Mt. Angel, Oregon
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Site Flux (m/s) Hydraulic Conductivity (m/s) Hydraulic gradient

SCR3 5.59E-06 1.13E-04 4.93E-02

SCR5 2.10E-05 5.13E-05 4.10E-01

Hydraulic Parameters based on Temperature Measurements



Russian River

Sonoma County, CA





1. Bromide is a conservative tracer

2. Heat is 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
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Piezometer setup for SCR 2, SCR 3, and SCR 5
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SCR 5-SURFACE
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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


