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Presenter
Presentation Notes
Selection of a river or stream location for conducting the experiments for this research involved setting selection criteria, reviewing records, and visiting potential sites. Selection criteria for potential sites included: existing USGS stream gaging stations, driving distance from Metropolitan Atlanta area, adequate depth for instrument deployment, adequate mixing for point to cross-section calibration of measurements, safe sampling conditions, ideally an ongoing sampling program to supplement data collection. Some 28 USGS-operated monitoring stations in Metropolitan Atlanta were reviewed and several sites were field visited to select a good site for sediment surrogate experiments. The selected site, Yellow River at Gees Mill Road, near Milstead, GA (02207335) has a 260 square mile watershed (figure 4.1) and the gage was installed in March 2002. 
The watershed originates in northeast metropolitan Atlanta, Georgia on the Eastern Continental Divide and drains south-southeast within the Ocmulgee River Basin. The watershed has a population of about one-half million people and developing urban land use with about 16 percent impervious surfaces in 2000, based on the National Land Cover Dataset (MLRC, 2001). The gage is located about 30 miles east of Georgia Tech at the location of an old mill. 

About 65 SSC samples have been collected from the fixed-location pumping sampler during storm runoff events at this site from 2002 to 2008. Based on analyses of these 65 samples, the mean, minimum, and maximum observed SSC is 144, 4, and 982 mg/l. 

The flows are well mixed in the main channel, which contains most runoff events less than the average annual peak. Exposed granite forms the eastern bank providing a good deployment area for instrumentation about 170 feet upstream of the bridge At this location stage, discharge (by a stage-discharge rating), and precipitation are continuously monitored, with 15-minute
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Acoustic Doppler Current Profiler Configuration

1.2MHz KD

Blank (m) 1.16
Cell Size (m) 0.2

Mo. of Cells 25
End Last Cell 6.16

Distance from transducer face in meters
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Acoustic Surrogates of SSC

< Urick’'s Method:

SSC = 10(A+B (+ 2TL))

\ Measured Backscatter

2TL=20log,,(yr) + Zr(as+@)
\Computed

Water Attenuation
a, = 8.686 f?2 (55.9—2.37T+0.0477T 2—0.000348T 3) 10715
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Presentation Notes
A different expression relating acoustic surrogates to sediment concentration begins with Urick’s (1975) sonar equation, written in units of decibels, which is logarithmic of course,  and has been tested and used by several authors. In this method RL is the reverberation level (intensity) of the received signal in decibels, and is equal to 10log10(Prms2),  2TL is the two-way transmission loss equal to the sum of the spherical spreading and attenuation. The coefficients A and B are evaluated using regression for paired physical SSC and acoustic measurements.  This Equation can be derived from the semi-empirical equation , except for parameters Kt and Ks, which are handled empirically by most authors using this method.

Attenuation in pure water at depths less than 100 meters is a function of temperature and acoustic frequency only and may be computed as (Fisher and Simmons, 1977):

So, these methods are published – however they have considerable uncertainty and variability; limiting their usefulness and transferability.  Much of this is associated with the acoustic attenuation  due to sediment, represented in coefficient, alphs_s.
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Acoustic Surrogates of SSC

< Urick’'s Method:

2TL=20log,,(ywr) + 2”(‘73"'@)\C
— omputed

1 Water Attenuation
(1.35r/r.)+(2.5r /1 )*

Near Field for 3.0 MHz SW (27mm dia) is 1.16m; for 1.5MHz SL (50mm dia) is 1.98m;
for 1.2MH RDI ChanMaster (70mm dia) is 3.11.
Correction at 1m for each is about 4%, 20%, and 70%, respectively.

w(r)=1+
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Presentation Notes
Backscatter amplitude from reflections in the transducer far field varies with the inverse range (1/r) to the measured volume due to spherical spreading of the acoustic energy from the sound source, as illustrated in figure 2.5. For measurements made near the transducer surface, in the near field, the energy spreading is nonlinear. The parameter ψ(r) accounts for the departure of the acoustic signal from spherical spreading in the near field, rn = πat2 / λ, in which λ is the wavelength. 

Near Field Boundary for 3.0 MHz SW is 1.16m; for 1.5MHz SL is 1.98m; for 1.2MH RDI ChanMaster is 3.11

Correction at 1m for each is about 4%, 20%, and 70%, respectively.


Acoustic Attenuation by Sediment:
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Presentation Notes
In many fluvial environments the size distribution of suspended sediments may include significant fractions of both silt/clay (less than 63 microns) and sand (greater than 63 microns) sizes. Some investigators (personal communication, Scott Wright, USGS) including this author have proposed replacing the scattering loss function in Urick’s equation with that of Sheng and Hay to produce the following hybrid estimator of acoustic attenuation by SSC. This is the expression that I will used for sediment attenuation. And I will use it in the Urick method of estimating SSC.
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Acoustic Attenuation by Sediment:

< Backcatter Amplitude Profiles: Measured & Normalized
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Presenter
Presentation Notes
Topping, Rubin, Melis, Wright) (2004, 2006, 2007) developed a simple method to measure acoustic attenuation from profiles of acoustic backscatter.

Figure shows the acoustic backscatter in decibels (dB) measured by a 3.0 MHz unit with 10 cells of 20cm axial distance each measured between 0.2 and 2.2 meters from the transducer face. The average SSC in the channel cross section was about 694 milligrams per liter (mg/l) at the time of this acoustic measurement. The near field boundary for this instrument is 0.77 m. The RL line is the measured backscatter intensity and its slope is the combined two-way signal strength loss due to spherical spreading plus fluid and sediment acoustic attenuation. The (RL+20log10(ψr)) line is the measured backscatter intensity corrected for spherical spreading and the (RL+20log10(r) + r αw) line is further corrected for fluid attenuation. Solving for the slope of this line provides the two-way acoustic attenuation, 2αs.  Topping et al (2004, 2006, 2007) first used this method to solve for αs. 

Acoustic backscatter profiles along each individual beam will be evaluated to decide which range of cells is the best and most consistent representation of αs. If two beams for a single instrument are generating good data (without interference) then both will be used to determine αs and results averaged; otherwise a single beam can be used. If possible, the range of the beams used to compute αs will be kept the same for all frequencies. 

A significant relation between SSC and αs is likely, particularly for higher concentrations, based on findings of previous investigators. However, normalized backscatter amplitude has been the more significant acoustic surrogate of SSC in past investigations and it will be used to compute SSC time series. END
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Backscatter amplitude from reflections in the transducer far field varies with the inverse range (1/r) to the measured volume due to spherical spreading of the acoustic energy from the sound source, as illustrated in figure 2.5. For measurements made near the transducer surface, in the near field, the energy spreading is nonlinear. The parameter ψ(r) accounts for the departure of the acoustic signal from spherical spreading in the near field, rn = πat2 / λ, in which λ is the wavelength. 
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Acoustic Surrogates of SSC

Dependent ~ Independent Residual Degrees

Parameters Standard . of
Error Freedom

log(SSCys) ~ RB 1 suikz 0.159 182
Iog(SSCys) ~ full &, 1 51z 0.211 182
log(SSCys) ~ sub A 4 51z 0.256 181
log(SSCys) ~ RB 5.0m1: 0.157 183
log(SSCys) ~ full Qs 3001 0.204 183

log(SSCys) ~ SUb A 3 omp: 0.244 183
log(SSCys) ~ RB 2um:z 0.140 150

log(SSCys) ~ full Qs 1 2014 0.204 150

log(SSCys) ~ sub O 4 oun: 0.232 150
log(SSC,s) ~ log(velocity) 0.207 184
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Acoustic Surrogates of SSC

SSC

Upper 95% Cl surrogate metrics
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Conclusions re: Acoustic Backscatter and
Attenuation as Surrogates of Suspended

Sediment Concentration

m The methods proposed by Topping et al. (2007) to empirically measure
acoustic attenuation from profiling ADCP measurements do apply for a
stream in the southeastern USA.

m Using both relative acoustic backscatter (#5) and acoustic attenuation as
explanatory variables results in a significantly improved model of SSC,.,
compared with traditional sonar equations using only R5.

m Fluvial suspended sediment concentration can be determined by high-
resolution acoustic measurements with much greater accuracy than using
traditional SSC ~ streamflow discharge ratings. R? improved from 0.57 to
(0.79 to 0.80); and model residual standard error improved from 73% to

(34% to 40%). b
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Sediment Size from Acoustic Attenuation
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Sediment Size from Acoustic Attenuation
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Sediment Size from Acoustic Attenuation
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Presentation Notes
Selection of a river or stream location for conducting the experiments for this research involved setting selection criteria, reviewing records, and visiting potential sites. Selection criteria for potential sites included: existing USGS stream gaging stations, driving distance from Metropolitan Atlanta area, adequate depth for instrument deployment, adequate mixing for point to cross-section calibration of measurements, safe sampling conditions, ideally an ongoing sampling program to supplement data collection. Some 28 USGS-operated monitoring stations in Metropolitan Atlanta were reviewed and several sites were field visited to select a good site for sediment surrogate experiments. The selected site, Yellow River at Gees Mill Road, near Milstead, GA (02207335) has a 260 square mile watershed (figure 4.1) and the gage was installed in March 2002. 
The watershed originates in northeast metropolitan Atlanta, Georgia on the Eastern Continental Divide and drains south-southeast within the Ocmulgee River Basin. The watershed has a population of about one-half million people and developing urban land use with about 16 percent impervious surfaces in 2000, based on the National Land Cover Dataset (MLRC, 2001). The gage is located about 30 miles east of Georgia Tech at the location of an old mill. 

About 65 SSC samples have been collected from the fixed-location pumping sampler during storm runoff events at this site from 2002 to 2008. Based on analyses of these 65 samples, the mean, minimum, and maximum observed SSC is 144, 4, and 982 mg/l. 

The flows are well mixed in the main channel, which contains most runoff events less than the average annual peak. Exposed granite forms the eastern bank providing a good deployment area for instrumentation about 170 feet upstream of the bridge At this location stage, discharge (by a stage-discharge rating), and precipitation are continuously monitored, with 15-minute



Conclusions re: Acoustic Attenuation
Surrogates of Sediment Size

m Representative particle sizes cannot be determined from
these data by optimizing the theoretical acoustic
attenuation equation using measured acoustic attenuation
for single acoustic frequencies nor for ratios of multiple
acoustic frequencies.

m Suspended sediment PSD is significantly correlated with
ratios of measured acoustic attenuation at different
frequencies.
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Recommendations for Further Research

This study has identified the following needs for further research:

m Evaluate measured and theoretical acoustic attenuation for characterization of
suspended sediment size. The data needed for this research includes concurrent
measurements of SSC, full PSD, and multi-frequency profiles of acoustic
backscatter and attenuation on different streams having diverse sediment
characteristics.

m Test, validate, and develop generalized methods for use of acoustic
backscatter and attenuation for estimation of suspended sediment
concentration and load.
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Sediment Size from Acoustic Attenuation

Dependent ~ Resi-
Independent Variable dual
(logarithmic space) StdErmr

D10~ Ratio Qg / O.s 2 .0389
D16 ~ Ratio Q. g / O.s 2 .0352
D50 ~ Ratio Qs g / Ot - .0549
D60 ~ Ratio Qs o / Os 5 0734
D84 ~ Ratio Q.o / Os 5 1466
D10~ Ratio Qg / Os 5 0782
D16 ~ Ratio Qg / O 5 0679
D50 ~ Ratio Qg / O s .0710
D60 ~ Ratio Qg / O s 0736
D84 ~ Ratio Qg /Ours | O 115

D10~ Ratio Q. 5 / Qs 5 0464
D16 ~ Ratio Q. 5 / O.s 2 .0438
D50 ~ Ratio Q. 5 / O.s 2 .0457
D60 ~ Ratio Q. 5 / Qs 2 .0470
D84 ~ Ratio ., s / O.; - .0638
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