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BACKGROUND

• WE NOW HAVE THIS (TM3-C5):



BACKGROUND

• CAN WE USE THE SAME METHOD FOR DOWNLOOKING ADCPS? 

?

https://pubs.usgs.gov/fs/2014/3038/
https://pubs.usgs.gov/fs/2014/3038/


BACKGROUND
• NOT EXACTLY! WHY?

• A MAJOR ASSUMPTION OF THE SIDELOOKING METHOD IS SEDIMENT 
HOMOGENEITY WITH THE ACOUSTIC MEASUREMENT VOLUME 
(CONSTANT SEDIMENT ATTENUATION AT A TIME STEP)

• THIS ASSUMPTION ALMOST NEVER VALID VERTICALLY IN SAND-BEDDED 
RIVERS Sediment Mixing: Sand Size Sediment 



MOTIVATION

• OTHER RESEARCHERS HAVE INVESTIGATED USE 
OF DOWNLOOKING ADCPS FOR SEDIMENT TO 
ANSWER SPECIFIC QUESTIONS….

• WE USE ADCPS FOR STREAMFLOW 
MEASUREMENTS AT THOUSANDS OF GAGES 
ACROSS U.S……

• NEED FOR OPERATIONAL METHOD, LEVERAGING 
ADCP USE, THAT COULD BE USED AT MANY 
LOCATIONS

• COULD REVOLUTIONIZE SEDIMENT MONITORING



MOTIVATION
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WinRiver II software

STA software

Source: Justin Boldt, USGS

Presenter
Presentation Notes
(ANIMATED SLIDE) – Going back to the backscatter contours in WinRiver II software, it’s nice that we can link what we see with the ADCP to theoretical (Nezu and Nakagawa) and visual (picture of boil coming to surface), but the units of decibels are not very useful when thinking about SSC. (CLICK). The STA software calibrates ADCP backscatter with physical suspended sediment samples. Notice that the units for the color contours are now mg/L (much more useful).



MOTIVATION

Source: Ryan Jackson, USGS

Acoustic
BackscatterFuture: 

Reach-Scale, 
Rapid 
Sediment 
Mapping



OVERVIEW

• DATA REQUIREMENTS

• CALIBRATION METHOD (STA SOFTWARE)

• DATA DISPLAY

• EFFORTS TO DATE FOR DEVELOPING OPERATIONAL METHOD – MISSOURI 
RIVER FOCUS
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Presenter
Presentation Notes
The data requirements are presented for those that are interested in using this tool in the future. The calibration method is briefly covered. Then a bunch of slides devoted to showing the data display options and ongoing developments.



DATA REQUIREMENTS
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Stationary 
ADCP

Sediment 
point 
samples

MATLAB-
based tool

(called STA)

INPUTS

ADCP cross 
section(s)

Source: Justin Boldt, USGS

Presenter
Presentation Notes
Three inputs are needed in the STA software. The ADCP data are the ASCII output files. The sediment data are point depth and SSC. It’s best if you know the sand/fine split and not just the total SSC.



Source: Justin Boldt, USGS

Presenter
Presentation Notes
Graphic illustrating the data requirements. Starts at the bottom with developing a calibration. Then building on that you can apply the calibration to a cross section. Finally, it’s best to validate the calibration with an EDI or EWI sample.



CALIBRATION METHOD
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R = range 
along beam

Kc = instrument 
echo intensity scale 
factor

Ψ = near-field 
correction (Downing 
et al., 1995)

αw = sound 
absorption 
coefficient (Schulkin
and March, 1962)

αs = sediment 
attenuation 
coefficient 
(Wright et al., 
2010 & Landers, 
2010)

Source: Justin Boldt, USGS

Presenter
Presentation Notes
(ANIMATED SLIDE) – The main equation for going from raw backscatter (RB) to sediment-corrected backscatter (SCB). The raw backscatter (also called echo intensity) has units of counts and is measured by the RSSI chips in the ADCP. Note that the sediment attenuation coefficient is the most challenging variable to determine. We have some functional methods, but research is ongoing to improve. The other terms correct for beam spreading and water absorption.



CALIBRATION METHOD
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Source: Justin Boldt, USGS

Presenter
Presentation Notes
(ANIMATED SLIDE) – Once we have SCB, we time-average it over the duration of the sediment samples, and then match each point sample to the nearest ADCP bin. (CLICK). Each one of these pairs is one of the points on the plot. Linear fit to determine the calibration coefficients (a and b). This shows why we recommend at least 5 points for the sediment samples because there needs to be enough points to fit a good line. (CLICK). The calibration coefficients can then be applied to a cross section.
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Source: Justin Boldt, USGS

Presenter
Presentation Notes
(ANIMATED SLIDE) – A screenshot of the STA software gui, which does the calibration work for you. (CLICK). Red box is the sediment analysis panel, which is part of a larger program which processes and visualizes stationary ADCP data. (CLICK). The first yellow box shows that the user can select which ADCP beams to use for the calibration. We often use beams 3 and 4 because they are typically aligned with the flow. (CLICK). The second yellow box shows that the user can select from one of three sediment attenuation methods. (CLICK). The third yellow box shows that the user can calibrate with total SSC, just sands, or just fines.



Measured Acoustic Backscatter (dB)

Suspended Sediment Concentration (mg/L)

Composite sample = 
71 mg/L

Source: Ryan Jackson, USGS

Surrogate estimate = 
68 mg/L

DATA DISPLAY

Presenter
Presentation Notes
Still a lot to be done with this method….but it shows promise. This is one example of the application of this technique. At the top is a spatial picture of the river cross section. The channel shape is shown as a black line. The color gradation show you the amount of raw backscatter that is returned to the instrument, before it is corrected for various losses of the signal. The higher backscatter readings are shown in orange and red. In this case, a relation was developed between the measured backscatter data and a series of point sediment samples collected at various locations across the channel and within the water column. That relation was applied to the cross section picture of the backscatter to come up with a picture of where sediment is being transported in the water column, shown in the lower figure. After corrections and the surrogate relation are applied, you can see that the highest sediment concentrations are “seen” on the right side of the channel near the bed. The software used for this estimated a concentration of 68 mg/L. As a check, another cross-section depth-integrated sample was collected. That concentration was 71 mg/L, very close to the estimated concentration. 



2016 ADCP~SSC “SUMMIT”
• JULY 18-22, 2016 IN URBANA, IL AND ST. LOUIS, MO

• DISCUSSED STEPS TO ADVANCE USE OF DOWN-LOOKING ADCPS 
FOR SUSPENDED SEDIMENT

• FIELD EFFORT

• PARTICIPANTS: USGS - JUSTIN BOLDT, MARK LANDERS, AMANDA 
MANASTER, KEVIN OBERG, TIM STRAUB, MOLLY WOOD, RYAN 
BEAULIN, GARY JOHNSON, BEN RIVERS. UNIVERSIDAD NACIONAL DE 
LITORAL (ARGENTINA) - RICARDO SZUPIANY



MISSOURI RIVER FIELD EFFORT

• INSTRUMENTS USED:

• 600 AND 1200KHZ TRDI RIO GRANDE 

• 1200KHZ TRDI RIVERPRO

• MULTIFREQUENCY SONTEK M9

• SEQUOIA LISST-ABS

• YSI 6920 SONDE W/ TURBIDITY PROBE

• P-6 POINT SEDIMENT SAMPLER

• BM-54 BED MATERIAL SAMPLER



EXAMPLE CONTOURS FROM 1200KHZ 
RIO GRANDE

Velocity

Backscatter



SAMPLING SCHEME

EDI STATIONS

W/ concurrent ADCP data collection
Bed material samples



CALIBRATIONS FOR SAND 
CONCENTRATIONS

• HIGHER SCATTER NEAR SURFACE

• POORER CALIBRATION WITH 600KHZ

• SOURCES OF NOISE?

1200kHz TRDI Rio Grande: 600kHz TRDI Rio Grande:



SAND, TURBIDITY, AND LISST-ABS 
PROFILES

Presenter
Presentation Notes
D50 of sand fraction was very fine to fine sand and got coarser with depth. Coarsest materials in verticals 1-4. Finest materials in vertical 5.



NEXT STEPS – MISSOURI RIVER DATASET

• PROCESS REMAINDER OF ADCP DATASETS

• DEVELOP CALIBRATIONS IN STA AND APPLY TO CROSS-SECTION 
BACKSCATTER

• INVESTIGATE SOURCES OF SURFACE SCATTER AND NOISE

• LOOK FOR COMMONALITIES WITH OTHER DATASETS

More Information:
Conference paper by Wood and others (2017): http://www.rioacoustics.org/

http://www.rioacoustics.org/


OSW NOTE 2016.33

• DESCRIBED 2016 ADCP~SSC 
SUMMIT AND MISSOURI RIVER 
WORK

• SOLICITED HELP FROM WSCS 
FOR COLLECTION OF TEST 
DATASETS



ADCP~SSC TEST DATASETS COLLECTED 
2016-17

• MISSOURI RIVER AT ST. CHARLES, MO

• SACRAMENTO RIVER AT FREEPORT, CA

• ILLINOIS RIVER AT FLORENCE, IL

• MISSOURI RIVER AT NEBRASKA CITY, NE



YOU CAN HELP US!

• FUNDS MAY BE AVAILABLE IN FY18 TO 
AUGMENT EXISTING MONITORING

• POINT, ISOKINETIC SAMPLES

• INDIVIDUAL ANALYSIS

• SOME LEVEL OF FULL PARTICLE SIZE 
INFORMATION NEEDED

• CONCURRENT ADCP PROFILES AT EACH 
VERTICAL

• MOVING-BOAT ADCP MEASUREMENTS

• DEPTH-INTEGRATED EDI SAMPLES



QUESTIONS?
YOUR FRIENDLY NEIGHBORHOOD OSW/OSD SEDIMENT TEAM….

MARK AND MOLLY
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