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Drainage Area: 
Normal Full Pool: 

No. Main Units: 
Hydraulic Capacity: 

74,700 sq mi 
1290.0 ft MSL 
      24 
280,000 cfs 

1654 sq mi 
3560.0 ft MSL 
    4 
8,900 cfs 

Grand Coulee Hungry Horse 

Int’l Boundary 

Presenter
Presentation Notes
Bureau maintains sites at GCL Dam in NE WA and HGH Dam in NE MT



Hungry Horse Tailwater 
(HGHM) 

Established: 
Dates in Operation: 

Calibration Frequency: 

1998 
March - September 
Bi-weekly 

HGHM 



International Boundary 
(CIBW) 

Established: 
Dates in Operation: 

Calibration Frequency: 

1984 
Year round 
Bi-weekly (Mar-Oct) 
Monthly (Oct-Mar) 

CAN 
USA 

CIBW 



Grand Coulee Dam TDG 
Monitoring Locations 

GCGW 

FDRW 



Grand Coulee Forebay 
(FDRW) 

Established: 
Dates in Operation: 

Calibration Frequency: 

1997 
Year round 
Bi-weekly (Mar-Oct) 
Monthly (Oct-Mar) 

Presenter
Presentation Notes
CHJ Location



Grand Coulee Tailwater 
(GCGW) 

Established: 
Dates in Operation: 

Calibration Frequency: 

1983 
Year round 
Bi-weekly (Mar-Oct) 
Monthly (Oct-Mar) 



Sutron Accubar BP Sensor 
+/- 0.5 mmHg 

Alpha Designs TDG/Temperature Sensor 
Temperature +/- 0.1 ºC 
TDG +/- 1.0 mmHg 

Sutron SatLink 2 

Monitor Equipment 

Hydrotech TDG/Temperature Sensor 
Temperature +/- 0.1 ºC 
TDG +/- 1.0 mmHg 

Presenter
Presentation Notes
Calibration adjustments are performed by setting the slope and offset within the DCP.Barometer communicates via SDI-12TDG sensor communicates analog via direct voltages



Quality Assurance / Quality Control 
In the lab, probes are calibrated to 
known standards. 

In the field, a secondary standard 
probe is deployed for comparison. 

Netech DigiMano 2000 Pressure meter 
+/- 0.5 mmHg 

ThermoProbe TL1-A Digital thermometer 
+/- 0.06 ºC 

Pressure sensor calibrated to mercury barometer 
+/- 0.9 mmHg 

Presenter
Presentation Notes
Each site has 2 dedicated TDG membranes that are cleaned and dried between calibrations.When possible each site is assigned 2 dedicated probes, otherwise the probes are cleaned and calibrated in the lab with < 2 wks rest.The 2ºstd probe may be the freshly calibrated probe if conditions do not allow deployment of a 3rd one.



Field measurement comparisons – Atmospheric pressure 

HGHM CIBW FDRW GCGW 
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Presenter
Presentation Notes
BP 2ºstd vs. BP FMS+/- ~1 mmHg for each sensor



Field measurement comparisons - Temperature 

HGHM CIBW FDRW GCGW 
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Presenter
Presentation Notes
Temp 2ºstd vs. temp FMS+/- ~0.1 ºC for each sensorNot always possible to get 2ºstd probe to FMS z



Field measurement comparisons – TDG Saturation 
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Presenter
Presentation Notes
TDG 2ºstd vs. TDG FMS as %surface saturation+/- ~1% for each sensorNot always possible to get 2ºstd probe to FMS zFairly long (up to 1hr) equilibration time



Temperature Calibration Data 

HGHM CIBW FDRW GCGW 
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Presenter
Presentation Notes
Temp 1ºstd vs. temp FMSData are post-deployment, i.e. pre-adjustment



Total Dissolved Gas Calibration Data – All Data 
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Presenter
Presentation Notes
TDG 1ºstd vs. TDG FMS – All dataExpressed as %surface saturationData are post-deployment, i.e. pre-adjustmentX-axis values are approximate (actually BP, BP+100, BP+200, BP+300)



Total Dissolved Gas Calibration Data - HGHM 
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Presenter
Presentation Notes
TDG 1ºstd vs. TDG FMS – HGHMExpressed as %surface saturationData are post-deployment, i.e. pre-adjustmentX-axis values are approximate (actually BP, BP+100, BP+200, BP+300)“Outlier” values are for same probe. Exhibited shift of several mmHg on 2 occasions separated by several months



Total Dissolved Gas Calibration Data - CIBW 
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Presenter
Presentation Notes
TDG 1ºstd vs. TDG FMS – CIBWExpressed as %surface saturationData are post-deployment, i.e. pre-adjustmentX-axis values are approximate (actually BP, BP+100, BP+200, BP+300)



Total Dissolved Gas Calibration Data - FDRW 
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Presenter
Presentation Notes
TDG 1ºstd vs. TDG FMS – FDRWExpressed as %surface saturationData are post-deployment, i.e. pre-adjustmentX-axis values are approximate (actually BP, BP+100, BP+200, BP+300)



Total Dissolved Gas Calibration Data - GCGW 
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Presenter
Presentation Notes
TDG 1ºstd vs. TDG FMS – GCGWExpressed as %surface saturationData are post-deployment, i.e. pre-adjustmentX-axis values are approximate (actually BP, BP+100, BP+200, BP+300)



US Bureau of Reclamation 2013 
Calibration Summaries 

Temperature
(ºC) 100% 113% 126% 139%

Mean -0.01 0.63 0.28 -0.31 -1.37
Median 0.00 0.80 0.20 -0.20 -1.30
Standard Deviation 0.08 0.94 0.95 1.04 1.29
Variance 0.01 0.88 0.90 1.09 1.68
Minimum -0.20 -1.50 -2.30 -3.30 -4.50
Maximum 0.20 2.80 2.40 2.40 1.70
n 71 71 71 71 71

TDG Pressure, mmHg

Presenter
Presentation Notes
Data averages fell within manufacturer stated accuracies of 0.1% for the majority of calibrations.



Problems in 2013 
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Torn TDG membrane 
7/22 16:00 to 7/23 13:00 

Data from USACE CROHMS database. 
http://www.nwd-wc.usace.army.mil/tmt/wcd/tdg/months.html 

HGHM 



•CIBW  – DCP lock-up due to t-storm 
    (6/2 22:00 to 6/3 13:00) 

•FDRW  – DCP lock-up 
   (9/8 05:00 to 9/9 11:00) 

•CIBW  – DCP lock-up due to t-storm 
   (9/16 01:00 to 9/16 11:00) 

•GCGW  – DPC lock-up due to t-storm 
 (9/15 23:00 to 9/16 16:00 

Problems in 2013 continued 
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