


Why Is heat a good tracer for examining
ground-water flow near streams?

1. Heat is free of real or perceived issues concerning
chemical tracers, in terms of pollution or intangibles.

. Measurement of temperature gradients form the basis
for the use of heat as a tracer; temperature has
become an economical and robust parameter to
measure in the stream environment

. Heat and ground-water transport models have become
widely accessible, and easily run on systems as small
as laptops.




There are three distinct vertical locations within the stream
environment, where monitoring temperature patterns
permits the application of heat as a tracer of water fluxes

|. Analysis of temperature and streamflow variation
(I.e., analysis within the water column).
Constantz, Water Resources Research, 1998.

I1. Analysis of streambed surface temperature
(.e, analysis at the water-sediment interface.)
Constantz et al., Water Resources Research,
2001.

[11. Analysis of sediment temperature profiles

(I.e., analysis beneath the streambed)

Constantz et al., Water Resources Research, Iin
review; Constantz et al., Vadose Zone Journal, in
review; Constantz et al., Ground Water, in review.
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DRY STREAMBED
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Increasing Conductivity
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Increasing Grain Size



Otand Q are unknown

FLOW OF HEAT NQ FLOW OF HEAT FLOW OF BOTH
NO FLOW OF WATER FLOW OF WATER HEAT AND WATER

T3 is observation. Kris estimated and Kis adjusted until Tgy, =Ts.




Mew Mexico
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Downward Flux
Upward Flux

z=10m (or 0.7m)




Yearly temperature envelopes

Depth below land surface, in meters
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Tunnel

STREAM CHANNELS USED FOR PUBLIC WATER SUPPLY
WATER TRANSMISSION PIPELINES

NORTH MARIN TRANSMISSION PIPELINE

COLLECTORS (PUMPING PLANTS)

BOOSTER STATIONS

STORAGE TANKS

WELL/WELL FIELD

SCWA CONTRACTOR SERVICE AREAS
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Supply well are
capable of 20 mgd
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In-stream sediment monitoring
for determining seepage rates
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Wholer Well TW-01
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New Horizons in the use of
heat as a ground-water tracer
In the stream environment?




Supply wells cause the streambed to desaturate in the summer

| =

MOTOR HOUSING

ACCESS LADDER

HTTITTIES
==

I
.

A

| CONCRETE CAISSON

==

- MR . &

[T
A

RUSSIAN RIVER WATER SURFACE

1 p
== .
\(:‘f P
_ PUMP DISCHARGE LINE
EA \
= DEEP WELL TURBINE PUMPS
{ Bt
l (
L A NATURAL FILTER
N, __f‘ I.“

PERFORATED LATERAL
INTAKE PIPES




3-D GW modeling using TOUGHZ2 and SUTRA

Observed sediment temperature used to calibrate the model

Streambed
surface
Perched water

Water table

TOUGH2 contour plot of sediment water content below the river
three months after flow ceased. Red color represents saturated sediments
and Is driest sediments. Horizontal plane spans 100 m in both directions.



