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River-groundwater connections

Gaining River

Losing River

 What is the seepage rate?
« What are the hydraulic properties of the
riverbed?
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Heat as a tracer

Theory: temperature signals in riverbeds can be
used to determine vertical seepage rates and
riverbed conductivity

Tools: thermistors and piezometers are cheap
and easy to use

Analysis: Free software such as ExStream
calculates vertical seepage rates, or you can use
Excel

Case Study 1: River-groundwater exchange
created by logs or other stream restoration
structures

Case Study 2: River-groundwater exchange
caused by hydropeaking downstream from a dam
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Theory: vertical seepage, q
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Theory: streambed hydraulic conductivity, K

thermistors
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Darcy’s law =
K=q/(dh/dz)
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Theory: vertical seepage, q
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Analytical solution (Hatch et al., 20006): (implicit for q)
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De is effective thermal diffusivity

Gamma is the ratio of heat capacity of saturated streambed sediment to heat capacity of water
Omega is frequency (1/d)

g is positive downward
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Tools: thermistors, data loggers

»

L

« Advantages: internal data loggers (no
cables), easy to use and deploy

» Disadvantages: Limited number of
measurements, lifetime

Onset TidbiT + Deployment: drill holes in wooden
ltsmgf'étlug) stakes at desired intervals, epoxy
&6 TidbiTs into holes, drive stakes into bed
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Tools: thermistors, data loggers

) "

Onset 20’ HoBo u12 *._.

temperature weatherproof

cable ($39) external data
logger with 4

channels ($249)

» Advantages: Keep using and reusing, extremely reliable

« Disadvantages: Requires external data logger, cables attract
unwanted attention from people and wildlife

» Deployment: Drive steel pipe with end cap into streambed and fill
with water, secure thermistors to thin rod or dowel at desired
intervals and insert in steel pipe, run cables to data logger on stream
bank or house data logger in waterproof case
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Tools plezometers (for streambed K)

Hatch et al. (2006)

PVC or steel
casing with
short screen
interval, or
tubing with
manometer
board
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Tools: thermal properties (optional)

Decagon
Devices KD2
Pro: measures
specific heat
and thermal
conductivity
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Analysis

1) Determine amplitude ratio of temperature signals at two
depths using method of choice, then solve the implicit
equation for q

« Amplitude ratio can be determined visually (less
accurate), by fitting data to a sinusoid, or by fourier
transform

 Implicit equation can be solved in Excel using GoalSeek
or with Matlab/Fortran script

2) Use freeware like ExStream (Swanson et al., 2011) to
determine amplitude ratio and solve for q

Either way, you’ll need estimates of riverbed thermal properties and
porosity, but they don’t vary much across geologic materials (choose
textbook value)
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Analysis: ExStream
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Analysis: ExStream
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Analysis: estimate K from Darcy’s law

Darcy’s law:
K=q/(dh/dz)

- Probably a better
estimate of vertical
than horizontal K
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Case Study 1: river-groundwater exchange due to logs

Shreveport, LA (1873)

-

Army Corps of Engineering (http://www.usace.army.mil)

Great raft documented during expedition in 1806 (Red River, LA). Men described it as “an almost impenetrable
mass” and dammed the river. Eyewitnesses estimated length to range from 80-150 miles. Army Corps began
clearing in 1830’ s for navigation.
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Temperature studies in flume

— river
— gwW

Temp —

time —

Sawyer, A.H., M.B. Cardenas, J. Buttles (2012), Hyporheic
temperature dynamics and heat exchange near channel-spanning
logs, Water Resources Research, 48, W01529, doi:
10.1029/2011WR011200.
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Patterns vary with log size and channel hydraulics

Trial 1 (no log)
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Numerical Simulations
Trial 1
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Elevation (m)
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Sawyer, A.H., and M.B. Cardenas (2012), Effect of
experimental wood addition on hyporheic exchange and
thermal dynamics in a losing meadow stream, Water
Resources Research, 48, W10537, doi:
10.1029/2011WR011776.
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San Antonio River (NM)
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Streambed K estimates

X [m] Ktherm [m/d] Kslu_q [m/d]

17.72 3.5 16
23.72 1.3 7.9
30.32 2.0 4.4

= K from temperature sensing is ~20-50% of K from slug
tests (good agreement)

" Kiherm May be representative of K,

= K, may representative of K,
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Streambed temperature patterns

0-31 Agw/Ariv [ ] Tm

= Logs drive river-groundwater mixing and influence
streambed temperature patterns

= Here, logs converted ~8% of the streambed to upwelling
regions, which may serve as thermal refugia

114

— O
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Case Study 2: river-groundwater
exchange due to hydropeaking

USA:

= All watersheds > 2000 sq km have dams (Graff, 1999)
= 10% of power from hydroelectric (www.usgs.gov)

WORLD:

= More than half of large rivers regulated by dams
(Nilsson et al., 2005)

N W A~ O

USGS gage
heightg(rg)

10/2/08 10/4/08 10/6/08 10/8/08
Date

10% of energy produced in US from hydropower
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River-groundwater connections in regulated rivers

Gaining River

Losing River

Dammed River
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River-groundwater connections in regulated rivers

Baseflow-Dominated River Dam-Dominated River

(The Gill Model) (The Lung Model)
N = y S
\V/ () “\ -

Sawyer, AH, MB Cardenas, A Bomar, and M Mackey (2009), Impact of dam operations on hyporheic exchange in
the riparian zone of a regulated river, Hydrological Processes, doi:10.1002/hyp.7324.
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Morning after peak discharge
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Afternoon at low discharge
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Temperature and pressure monitoring in bed and bank
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Temperature dynamics through time
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Gerecht, KE, et al. (2011), Dynamics of hyporheic
flow and heat transport across a bed-to-bank
continuum in a large regulated river, Water
Resources Research, 47, W03524, doi:
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Summary

Theory: temperature signals in riverbeds can be used
to determine vertical seepage rates and riverbed
conductivity

Tools: thermistors and piezometers are cheap and
easy to use

Analysis: Free software such as ExStream calculates
vertical seepage rates, or you can use Excel

Case Study 1: Logs and restoration structures alter
river-groundwater exchange and stabilize streambed
temperatures in upwelling zones

Case Study 2: Hydropeaking increases river-
groundwater exchange and increases depth of themal
signal propagation into riverbed
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