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Abstract — The use of sidelooking acoustic Doppler velocity 
meters (ADVMs) to estimate fluvial suspended-sediment 
concentrations (SSC) by the U.S. Geological Survey has become 
more operational in recent years; however, direct transfer of 
these techniques to downlooking acoustic Doppler current 
profilers (ADCPs) currently is not feasible. The use of ADCPs to 
estimate SSC has been investigated by other researchers, but the 
requirements and limitations of an operational method that could 
be successfully applied at many locations are not well defined. In 
order to evaluate the efficacy of using ADCPs of multiple 
frequencies to estimate SSC, a dataset was collected on the 
Missouri River at St. Charles, Missouri, in July 2016. The 
Missouri River dataset is being compared to similar datasets to 
determine: 1) what factors influence successful use of 
downlooking ADCPs to estimate SSC, 2) what are the minimum 
datasets required to develop SSC calibrations, and 3) what 
modifications are needed to existing methods, instruments, and 
software tools. 

Keywords — ADCP, multiple-frecuency, suspended sediment, 
Missouri River 

I. INTRODUCTION 

In river applications, acoustic Doppler meters typically are 
used to measure water velocities and discharge and are 
deployed in “sidelooking” and “downlooking” orientations. 
The acoustic pulse emitted by the meters reflects off of 
particulate matter in the water and is measured as acoustic 
backscatter, which can then be related to the amount of 
suspended sediment in the water [1]. The use of sidelooking 
acoustic Doppler meters to estimate total fluvial suspended-
sediment concentration (SSC) has become operational in recent 
years, within and outside of the U.S. Geological Survey 
(USGS), following general principles that are well founded in 
theory and described in the literature [2, 3]. However, direct 
transfer of these published techniques to downlooking acoustic 
Doppler current profilers (ADCPs) currently is not feasible. A 
key assumption for the sidelooking meter method is sediment 
homogeneity within the acoustic measurement volume. This 
assumption is almost never valid in sand-bedded rivers because 
SSC and particle size commonly vary with depth and location 
in the river cross section. The use of downlooking ADCPs to 
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estimate SSC has been investigated by other researchers [4] [5] 
[6] [7] [8] [9] [10] to answer specific science questions or to
perform qualitative assessments. Despite these efforts, the
requirements and limitations of a quantitative, operational
method that could be successfully applied at many locations
over changes in sediment characteristics are not well defined.

II. ACOUSTIC CALIBRATION CONCEPT

Acoustic pulses passing through a water-sediment mixture 
will scatter and attenuate as a function of fluid, sediment, and 
acoustic instrument characteristics [11]. Acoustic backscatter 
data must be adjusted when used as a sediment surrogate for 
several factors to isolate the attenuation (rate of absorption of 
the signal with distance from the instrument) and backscatter 
characteristics of sediment [10]. The effects of background 
acoustic “noise” from the surrounding environment and 
acoustic instruments also must be considered. After correction, 
the acoustic backscatter data from downlooking ADCPs can be 
related to concurrent measurements of SSC at several points 
throughout the water column to develop a calibration equation 
(1), adapted from [12] that may be applied to a cross-sectional, 
moving-boat ADCP measurement to calculate cross-sectional 
average SSC:  

where kc is a known conversion factor between instrument-
specific internal ADCP units (counts) and decibels (dB), E is 
echo intensity (counts), Cr accounts for the noise or undesired 
portions of the received signal as well as uncertainties in other 
terms (unknown), αw is the absorption coefficient due to water 
viscosity, αs is the attenuation coefficient due to sediment 
scattering out of the acoustic beams and the viscous stresses 
between water and sediments, R is the range, Tt is the 
temperature, ψ is a coefficient to correct the signal in the near 
field zone, PT is the acoustic transmit power, L is the acoustic 
transmit length, C is a factor representing the geometry and 
efficiency of the acoustic transducer, and Ks is a coefficient 
depending on the particle characteristics and the form factor (f) 
[13].  
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To date, research efforts described in this paper for the 
Missouri River have focused on developing calibrations to 
estimate the suspended sand or coarse concentration (SSCC). In 
doing so, the backscatter and attenuation contributed by sand 
(coarse material > 0.063 mm) and silt and clay (fine material 
<0.063 mm) have been separately evaluated. In theory, (1) can 
be rewritten in simplified form as: 

where ST is the corrected backscatter signal, and the parameter 
KT represents other factors previously described (Cr, L, PT, and 
C). 

III. DATA COLLECTION METHODS 

A dataset was collected on the Missouri River at St. 
Charles, Missouri (USGS station no. 06935965), on July 20, 
2016, to evaluate the efficacy of using downlooking ADCPs to 
estimate suspended-sediment concentration. Instrumentation 
included a US P-6 point sediment sampler and 600 kHz and 
1200 kHz Teledyne RD Instruments Rio Grande ADCPs (any 
use of trade, firm, or product names is for descriptive purposes 
only and does not imply endorsement by the U.S. 
Government). Moving-boat discharge measurements were first 
made at the site using both ADCPs. The measured discharge, 
channel width, channel depth, and velocity averaged 2,800 
m3/s, 400 m, and 5.6 m, respectively. Scientists then positioned 
the boat at the location of five Equal Discharge Increment 
(EDI) [14] stations to collect concurrent acoustic backscatter 
data and point suspended-sediment samples. Three replicate 
sets of five point suspended-sediment samples were collected 
at 0.2-, 0.4-, 0.6-, 0.8-, and 0.9 times total depth (D) at each 
EDI station, resulting in 75 total samples. Bottles for two of the 
three sample sets were individually analyzed; the third set was 
composited by station. Concentrations of fine (SSCf) and 
coarse (SSCc) material were separately computed. Acoustic 
data were collected using the ADCPs by remaining stationary 
over each EDI station while the sediment samples were 
collected, for durations ranging from 17 to 31 minutes. 

IV. SEDIMENT CHARACTERISTICS

Total SSC in the point samples ranged from 240 to 742 
mg/L among all points sampled (Table I). At stations 1 and 5, 
near the river’s edges, suspended sediment was fairly well-
mixed through the water column and was comprised of mainly 
fine material. Across all stations and points sampled, SSCf was 
fairly homogeneous (average value 233 mg/L, standard 
deviation 20.3 mg/L), but SSCc varied widely (average value 
92.1 mg/L, standard deviation 103 mg/L). SSCc was highest at 
stations 2, 3, and 4, where water velocities were highest. 
Median diameter (D50) of the sand material generally 
increased with depth at all stations (Fig. 1). Most of the 
measured suspended sand was classified as “fine sand” 
according to the Wentworth [15] scale. A substantial portion 
(31.4 to 52.9 percent) of the measured fine material was 
smaller than clay-sized material (<0.002 mm). 

TABLE I. SUMMARY OF SUSPENDED-SEDIMENT CHARACTERISTICS IN 
THREE SETS OF POINT SAMPLES COLLECTED JULY 20, 2016, MISSOURI RIVER 

AT ST. CHARLES, MISSOURI (USGS STATION NO. 06935965). 

Station number 

1 2 3 4 5 

Average total SSC (mg/L) 257 345 423 320 275 

Total SSC range (mg/L) 240–289 247–545 289–742 248–453 258–308 

Average % finer than 
0.063 mm, all depths 

90.1 67.8 56.8 73.7 95.2 

Average % finer than 
0.063 mm, 0.2D 

93.6 86.6 72.9 88.9 94.4 

Average % finer than 
0.063 mm, 0.9D 

83.3 45.0 34.5 50.5 92.9 

Fig. 1. Variation in median diameter of suspended sand with depth in point 
samples collected July 20, 2016, Missouri River at St. Charles, Missouri 
(USGS station no. 06935965). 

V. SEDIMENT CHARACTERISTICS

Preliminary acoustic calibrations were developed for SSCc, 
using the two sample sets with individual bottle analyses. For 
comparison, separate acoustic calibrations were developed 
using a D50 for suspended sand 1) computed from each point 
sample and 2) averaged from all point samples (Fig. 2). The 
slopes of the calibrations were similar to the theoretical value 
of 0.1 (2) for the calibrations developed using the point sample 
sand D50 values, which may indicate that the use of the point 
sample sand D50 values resulted in calibrations that better 
represent the variation in sand characteristics through the water 
column. Analyzing the sand D50 of each point sample is 
resource intensive, however, so the significance of the 
difference in results between using the average and point sand 
D50 will be evaluated in more detail. Calibration slopes close 
to the theoretical value of 0.1 also may indicate that there is 
negligible influence by fine particles on the acoustic 
backscatter measurement when sand particles are present. 

Higher dispersion or scatter was observed in the 
calibrations at low ST measured near the water surface, 
particularly for the 600 kHz ADCP and for calibrations 
developed using the point sand D50 (Fig. 2). This observation 



  
  

    
 

    

 

   
 

 

 
 
 

   
     

 
 

    
 

  
 

  
  

 

   

  
 

 
  

  
  

    
 

  
 
 

 
  

 
    

 

  
  

  
  

 
  

    
  

  
  

 
     

   

  

  
  

   
   

   
 

   
  
  

    
  

  

 
 
 

 
   

   
 

    

   
 
 

 

   
 

  
  

    
 
 

 

   
  

  

   
 

  

  
  

Fig. 2. Calibrations for suspended sand concentrations developed using A)
1200 kHz and B) 600 kHz ADCPs using sediment sample sets 1 and 2
and considering point and average sand median grain size values.

The estimated background acoustic noise and parameter
uncertainty (Cr in (1)) varied little across the river channel and
within the water column for both ADCPs and sample sets
(average 13.5 dB and 13.6 dB for the 1200 kHz ADCP and set
1 and 2, respectively; average 9.5 dB and 10.4 dB for the 600 
kHz and set 1 and 2, respectively). Compared to noise values
calculated for a similar dataset in the Paraná River system in
Argentina (average 13.4 dB and 15.1 dB for 1200 kHz and 600 
kHz ADCP, respectively; [10]), the calculated noise values in
the Missouri River are similar for the 1200 kHz ADCP but
different for the 600 kHz ADCP. More studies are needed
regarding the uncertainty of the various terms involved in (1)

may have been due to apparent grain size fluctuation near the 
water surface, seen as an unexpected higher sand D50 at the 
0.2D than the 0.4D for four out of five stations (Fig. 1), but 
more evaluation is needed to confirm. Overall, the 600 kHz 
ADCP produced poorer calibration curves than the 1200 kHz 
ADCP. 

and the possible sources of noise affecting the backscatter 
signal. 

VI. FUTURE PLANS AND NEEDS 

The Missouri River dataset will be further analyzed to 
better understand the effect of grain size fluctuation near the 
water surface, sensitivity of various frequency ADCPs, sources 
and effects of noise, and whether calibrations can be developed 
to estimate SSCf and ultimately, total SSC. The collection of 
additional datasets is planned in other U.S. rivers in 2017 to 
further investigate factors that influence successful use of 
downlooking ADCPs to estimate SSC over a range of 
conditions. In the future, the accuracy and efficiency of efforts 
to estimate SSC using ADCPs would be improved by 
enhancing instrument capabilities and software tools. In 
particular, new or enhanced acoustic instruments are needed to 
measure backscatter with greater precision and accuracy, 
specifically for sediment applications. Such instruments ideally 
would include transducers of multiple frequencies, would 

employ a constant transmit power, and would allow transfer of 
developed calibrations to another instrument of the same make, 
model, and frequency. 

If an operational method could be developed, the use of 
ADCPs would revolutionize sediment science globally by 
allowing rapid and accurate measurements of sediment flux 
and distribution at spatial and temporal scales that are far 
beyond the capabilities of traditional physical samplers. In the 
U.S. alone, measurements of discharge are made with ADCPs 
every day at many streamgages. If calibrations could be 
developed at even a fraction of these locations, the amount of 
sediment information available to water managers, 
environmental regulators, the public, and science communities 
would be greatly expanded. 
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