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Turbidity-SSC Guidelines


 

First deviation from USGS techniques using 
streamflow

 
to compute fluvial-sediment 

discharge by Porterfield since 1972…


 
Sub-daily time-series suspended-sediment 
concentration computed from turbidity


 
Published USGS Techniques and Methods 
(June 2009, revised in 2011) 

http://pubs.usgs.gov/tm/tm3c4/
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Three steps to computing SSC


 

Compile model calibration data set


 

Develop a site-specific single or multiple 
linear regression model


 

Compute a time series of suspended-
 sediment concentration and load



Step 1 –
 

Model calibration data set


 

Calibration data set


 
Turbidity time-series record


 
Fixed in-stream sensor  (Wagner and others, 2006)


 
Turbidity cross-section measurements


 
Turbidity includes-


 
Nephelometry


 
Optical Backscatter


 

SSC of samples


 
Depth integrated, EDI or EWI (Nolan and others, 2005; 
Edwards and Glysson,1999) 


 
Sample full range of hydrologic conditions


 

Streamflow
 

time-series record



Step 1 –
 

Model calibration data set


 

Don’t “over calibrate”
 optical sensors


 

If recalibration 
needed, usually a 
problem with the 
standard


 
New wipers are more 
robust


 
Sensor stays clean in 
velocity

Fixed inFixed in--stream sensor  (Wagner and others, 2006)stream sensor  (Wagner and others, 2006)



Step 1 –
 

Model calibration data set

Little Arkansas River, Little Arkansas River, 
Sedgwick, KansasSedgwick, Kansas

Kansas River  Kansas River  
DeSotoDeSoto, Kansas, Kansas

Fixed inFixed in--stream sensor  (Wagner and others, 2006)stream sensor  (Wagner and others, 2006)



Step 1 –
 

Model calibration data set
Turbidity crossTurbidity cross--section measurementssection measurements



Step 1 –
 

Model calibration data set

http://pubs.usgs.gov/ 
tm/tm3c4/

Turbidity crossTurbidity cross--section measurementssection measurements

Measurements Measurements 
must represent must represent 
the entire stream the entire stream 

http://pubs.usgs.gov/tm/tm3c4/


Step 1 –
 

Model calibration data set

http://water.usgs.gov/owq/FieldManual/Chapter6/6.7_contents.html

Turbidity measurementsTurbidity measurements--
 

nephelometrynephelometry
 

and optical and optical 
backscatterbackscatter

http://water.usgs.gov/owq/FieldManual/Chapter6/6.7_contents.html


Turbidity values different dependent 
on sensor



Optical backscatter



Turbidity vs
 

OBS

Always store the make and model with data



Step 1 –
 

Model calibration data set

http://water.usgs.gov/owq/Field 
Manual/chapter4/pdf/Chap4_v2 
.pdf

SSC of samplesSSC of samples
EDI/EWIEDI/EWI

IsokineticIsokinetic
 

samplingsampling

http://water.usgs.gov/owq/FieldManual/chapter4/pdf/Chap4_v2.pdf


Step 1 –
 

Model calibration data set
SSC of samples related to inSSC of samples related to in--stream monitor valuesstream monitor values



Step 1 –
 

Model calibration data set
SSC samples collected over range in sensor conditionsSSC samples collected over range in sensor conditions



Step 1 –
 

Model calibration data set


 

Calibration data set


 
Turbidity time-series record


 
Fixed in-stream sensor  (Wagner and others, 2006)


 
Turbidity cross-section measurements


 
Turbidity includes-


 
Nephelometry


 
Optical Backscatterance


 

SSC of samples


 
Depth integrated, EDI or EWI (Nolan and other, 2005; 
Edwards and Glysson,1999) 


 
Sample full range of hydrologic conditions


 

Streamflow
 

time-series record



Step 1 –
 

Compile calibration data set
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Turbidity WQ Sample Streamflow



Step 2 –
 

Develop regression model


 

Simple linear regression (SLR)


 
Plot data


 
Turbidity is explanatory variable 


 
SSC is response variable


 

log10

 

transformation


 
Symmetry, linear, constant variance


 
Retransformation requires bias correction factor 


 

Regression provides expressions of uncertainty


 
Plot data



Step 2 –
 

Develop regression model

Turbidity is 
explanatory 
variable 

SSC is 
response 
variable



Step 2 –
 

Develop regression model


 

Untransformed


 

Transformed

r=0.96

r=0.99

r=0.54

r=0.85



Turbidity is MUCH better for computing SSCTurbidity is MUCH better for computing SSC

R2 = 0.71
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y = 1.34x0.94

R2 = 0.97
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Step 2 –
 

Develop regression model


 

Simple linear regression (SLR)


 
Plot data


 
Turbidity is explanatory variable 


 
SSC is response variable


 

log10

 

transformation


 
Symmetry, linear, constant variance


 
Retransformation requires bias correction factor 


 

Regression provides expressions of uncertainty


 
Plot data



Step 2 –
 

Develop regression model



Step 2 –
 

Develop regression model

y = 1.34x0.94

R2 = 0.97
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log10

 

(SSC)= 0.943log10

 

(Turb)+0.130,

R2=0.97 

BCF = 1.03

MPSE = +25, -21

90 % prediction intervals

Retransformation requires bias correction factor Retransformation requires bias correction factor 
Regression provides expressions of uncertaintyRegression provides expressions of uncertainty
Plot dataPlot data



Step 2 –
 

Develop regression model

log10

 

(SSC) = b1

 

log10

 

(Turb)+b0

 

(6)

log10

 

(SSC) = 0.943log10

 

(Turb)+0.130

SSC = (10b0

 

Turbb1 )* BCF
 

(7)

SSC = (100.130Turb0.943

 
)*1.03

SSC = 1.39Turb0.943



Step 2 –
 

Develop regression model


 

Multiple linear regression (MLR)


 
If SLR model percentage standard error 
(MPSE)

 
> 20  


 

Plot data


 
Streamflow

 

vs. SLR residuals


 
Time vs. SLR residuals


 

Use MLR if-


 
MPSE < 20 or < SLR MPSE, and 


 
Significant p-value (<0.025) for streamflow


 
Turbidity and streamflow

 

are explanatory variables



Step 2 –
 

Develop regression model



Step 2 –
 

Develop regression model


 

Ra
2, RMSE, and MSPE all improve


 

p-value for Q is < 0.05, but > 0.025


 
Plot both model results



Step 2 –
 

Develop regression model

SLR
Turb

MLR
Turb
& Q



Step 3 –
 

Compute SSC and SSL


 

Apply regression model to continuous 
turbidity (and streamflow)


 
Modeled after Q process


 
Compute time-series SSC


 
SSC time interval same as turbidity 


 
Multiply retransformed SSC by BCF


 
Missing and truncated turbidity values


 

Compute time-series SSL 


 
Multiply SSC by Q and conversion factor


 
Missing streamflow


 

Update station analysis (appendix 1 of TM3C4)



Step 3 –
 

Compute SSC and SSL



Step 3 –
 

Compute SSC and SSL
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Turbidity WQ Sample Streamflow SSL

SSC varies 3 orders of magnitudeSSC varies 3 orders of magnitude
Q varies 4 orders of magnitudeQ varies 4 orders of magnitude
SSL varies 6 orders of magnitude!SSL varies 6 orders of magnitude!
Impossible to sample this variability without continuous!Impossible to sample this variability without continuous!



Step 3 –
 

Compute SSC and SSL



Maintaining sediment record


 

Continue monitoring turbidity


 
Continuously at a single point


 
Periodic cross-sectional measurements


 

Continue collecting SSC samples 


 
> 4 per year


 
Over the hydrologic range



Maintaining sediment record

log (y) = 1.03 log10(x)-0.0636
R2 = 0.986
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Calibration data set
2005-2006

log10

 

(SSC)= 0.94log10

 

(Turb)+0.131,

R2=0.97,   BCF = 1.02

90 % prediction intervals



Maintaining sediment record


 

Employing new model


 
Do not recompute

 
historic SSC UVs


 

Determine start date 


 
Update station analysis


 

New model form


 
Compare old and new


 
May need to recompute

 
SSC Uvs


 

Simple is usually best



Maintaining sediment record


 

Evaluate new turb/SSC pairs with old pairs 
annually


 
ANCOVA –

 
analysis of covariance


 

Similar distribution verifies current regression


 
Differences may indicate a change in sediment 
sources/transport and a need for new regression


 
Additional data may not significantly change the  
model, but does improve uncertainty



Maintaining sediment record


 

New model


 
When to end old and start new


 
Moving window


 
Annual 


 
Do not recompute

 
approved SSC unit values


 

Update station analysis



Maintaining sediment record

Upstream at Halstead,

2003 -
 

log(SSC) = 0.945 log(Turb, YSI 6026) + 0.132

2011 -
 

log(SSC) = 0.852 log(Turb, YSI 6136) + 0.591 

At Sedgwick, 

2003 -
 

logSSC = 0.716 log(Turb,YSI 6026) + 0.19 log(Q) + 0.18 

2011 -
 

log(SSC) = 0.906log(Turb,YSI 6136) + 0.427



Maintaining sediment record

HWY50 models robustHWY50 models robust––
--mostly single explanatory variables modelsmostly single explanatory variables models

--most years within 10%most years within 10%



Maintaining sediment record

Sedgwick models for sediment not as robustSedgwick models for sediment not as robust––
--WHY? WHY? 

--Original model contained a Q term MLR Original model contained a Q term MLR 
suggests that relation of suggests that relation of turbturb

 
and q has and q has 

changedchanged



Advantages of turbidity/SSC


 

Time series of turbidity is easily measured 
and maintained in ADAPS


 
Rarely hysteresis

 
in turb/SSC


 

Relations are defined by a single slope


 
Results are reproducible


 
Uncertainty is easily defined



Advantages of turbidity/SSC


 

Comparisons indicate turb/SSC estimates 
have less uncertainty than Q/SSC estimates


 

SSC and SSL are computed in real time


 

Can be used for TSS data


 
Largest issue with TSS is the subsampling

 
for 

analysis




 

Turbidity truncation –
 

use backscatter


 
Turbidity values from different sensors are 
not equivalent


 
Each regression model is site specific


 
Statistical significance of Turb/SSC relation 
decreases if —


 
the Δ

 
sand/silt is disproportional to Δ

 
SSC


 

SSC sources vary in grain-size distributions or 
color


 
Samples do not evenly span the observed range

Limitations



Missouri River

http://pubs.usgs.gov/ds/530/pdf/ds530.pdf
Heimann

 

and others 2010

http://pubs.usgs.gov/ds/530/pdf/ds530.pdf


Each model is site specific



Turbidity-SSC with a varying 
proportion of sand and silt  



Turbidity-SSC with a varying 
proportion of sand and silt  



http://nrtwq.usgs.gov/



Questions?

Patrick Rasmussen
USGS, Kansas
pras@usgs.gov
785-832-3542

http://pubs.usgs.gov/tm/tm3c4/
http://water.usgs.gov/osw/suspended_

 sediment/time_series.html
http://waterwatch.usgs.gov/wqwatch/
http://nrtwq.usgs.gov

mailto:pras@usgs.gov
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