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Basic ConceptBasic Concept

Need for indirect, continuous Need for indirect, continuous 
measurements of sedimentmeasurements of sediment
Can we relate Can we relate ““surrogatesurrogate””
parameters to sediment?parameters to sediment?
Promising techniques:Promising techniques:

Backscatter from acoustic velocity Backscatter from acoustic velocity 
metersmeters
Laser diffractionLaser diffraction
TurbidityTurbidity

May work well when sediment May work well when sediment ––
flow relationship is unstableflow relationship is unstable

Photo courtesy of Sontek



Example Data Collection SystemExample Data Collection System

Courtesy of Eduardo Patino, USGS Florida



Surrogate TechnologiesSurrogate Technologies
AcousticsAcoustics

Pros: Profiling, no biofoulingPros: Profiling, no biofouling
Cons: Need for multiple instruments in some cases, Cons: Need for multiple instruments in some cases, 
insensitivity at low concentrations, difficult data insensitivity at low concentrations, difficult data 
correctionscorrections

Laser DiffractionLaser Diffraction
Pros: RealPros: Real--time particle size and SSCtime particle size and SSC
Cons: Biofouling, requires dilution > 3,000 mg/L, point Cons: Biofouling, requires dilution > 3,000 mg/L, point 
measurementmeasurement

TurbidityTurbidity
Pros: WellPros: Well--tested, relatively cheap and easytested, relatively cheap and easy
Cons: Biofouling, calibration needs, point Cons: Biofouling, calibration needs, point 
measurementmeasurement



Snake and Clearwater RiversSnake and Clearwater Rivers

PurposePurpose:  Study sediment sources as part of :  Study sediment sources as part of 
sediment management program for Lower sediment management program for Lower 
Granite ReservoirGranite Reservoir
Installed surrogate gages in May 2008Installed surrogate gages in May 2008
Clearwater River Clearwater River –– ““SupergageSupergage””

Acoustics, turbidity, laserAcoustics, turbidity, laser
Variable grain size distributionVariable grain size distribution

Snake River Snake River –– Turbidity onlyTurbidity only
Mostly siltMostly silt





InstallationInstallation



Clearwater SurrogatesClearwater Surrogates



ACOUSTIC
FREQUENCY

Best for:

500 kHz Coarse sand

1.5 mHz Medium sand

3 mHz Silt

ACOUSTIC FREQUENCY VS PARTICLE SIZE

Lower Frequency 
Appropriate

for Larger Particle Sizes

Fine Mtls       =       Backscatter Attenuation
Coarse Mtls  =       Backscatter



LISST StreamsideLISST Streamside



PRELIMINARY PRELIMINARY 
RESULTS: RESULTS: 

Clearwater River



Preliminary Results Preliminary Results --
 

ClearwaterClearwater
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New LISST Instrument 
(Streamside) installed July 

2008





Preliminary Summary Preliminary Summary --
 

ClearwaterClearwater
Surrogate R2 Average % Difference 

From Measured

3MHz Backscatter - SSC 0.994 +11%

0.5MHz Backscatter - SSC 0.984 -0.3%

3MHz Attenuation – Silt/Clay Fraction 0.921 +29%

0.5MHz Backscatter – Sand Fraction 0.985

Turbidity - SSC 0.836 -12%

LISST 100X - SSC 0.866 -12%

LISST Streamside - SSC TBA* TBA

1970’s Sediment Curve NA -103%

2008 Discharge - SSC 0.866 +23%

* Only 2 samples available for Streamside calibration. Results TBA.



Lapwai Creek

Clearwater River

USGS Gage
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Acoustics Profiling Range

Width ~400 ft

Lapwai Inflow

0.5MHz

3MHz

Flow
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Snake RiverSnake River

YSI Sonde with Turbidity Probe



PRELIMINARY PRELIMINARY 
RESULTS:RESULTS:
Snake River
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Sonde Out for Repair



Sonde Out for Repair



Preliminary Summary Preliminary Summary --
 

SnakeSnake

Surrogate R2 Average % Difference 
From Measured

Turbidity - SSC 0.956 -2.3%

1970’s Sediment Curve NA -5.2%

2008 Discharge - SSC 0.830 +51.4%



Overall ImplicationsOverall Implications

Increased accuracy?Increased accuracy?
Greater temporal resolution of Greater temporal resolution of 
concentrations and loadsconcentrations and loads
Reduced sampling frequencyReduced sampling frequency
Reduced O&M costsReduced O&M costs
SaferSafer
Potential for realPotential for real--time SSC time SSC 
estimatesestimates



Example: NearExample: Near--RealReal--Time Time 
SedimentSediment

Courtesy: USGS New York, Lower 
Hudson River Project

Concentration

Load



Project WebsiteProject Website
http://id.water.usgs.gov/projects/surrogate_sediment/



Future PlansFuture Plans
Proposed: acoustics on the Snake RiverProposed: acoustics on the Snake River
Extend mountsExtend mounts
Collect more information at midCollect more information at mid-- and highand high--flowsflows
Quantify crossQuantify cross--channel variabilitychannel variability
Continue to interpret dataContinue to interpret data
Journal article planned for FY2010Journal article planned for FY2010
Possible: nearPossible: near--realreal--time SSCtime SSC



Questions?Questions?
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