Study guide for stream/river flow measurement.
Vocabulary:
Stream flow (or discharge), volumetric flow, volumetric flux, average velocity, cross-sectional area, velocity-area gauging method (for stream flow measurement), velocity meter, wading rod, depth-average velocity, dilution gauging method (for stream flow measurement), specific electrical conductivity, concentration, breakthrough curve, background correction, calibration (relating conductivity to concentration), integrating area under curves, depth gauging, channel geometry, wetted perimeter, hydraulic radius, energy slope (or water surface slope), friction factor, flow resistance, stage, rating curve (discharge vs. stage), natural channel gauge, stilling well, flume, weir
Concepts:
Understand how discharge (or flow) in a stream or river can be conceptualized as a volumetric flux moving with a given average velocity across a cross-sectional area of the stream channel.
Understand how the velocity-area method breaks total stream discharge down into narrower rectangular areas across the channel, and how this accounts for variation in velocity and depth across the channel.  Understand how velocity also varies with depth and how the average velocity can be estimated by individual velocity measurements.  Understand the various ways velocity can be measured.  Understand the different considerations needed to execute the velocity-area gauging method between wadeable streams and non-wadeable rivers.  Understand how to translate the velocity-area method into spreadsheet form.
Understand how dilution gauging with NaCl represents “tracing” a representative volume of stream water with a solute, which is then tracked by measuring the specific electrical conductivity of that volume as it passes a stream cross-section.  Understand the dimensionality of the various steps of the dilution gauging analysis.  Understand how to translate the dilution-gauging method into spreadsheet form.
Understand how depth-gauging at a continuous gauge provides an indirect method to provide relatively continuous stream flow estimates.
Understand how flow and depth, or velocity and channel geometry, are related through the properties of slope and friction of the stream channel.
Understand how to read and interpret a rating curve (discharge vs. depth) from a gauging station. Understand how rating curves are established and subsequently used to generate continuous discharge estimates from continuous stage measurements. Understand how rating curves for natural channels or gauges might change relative to the hydraulics or geometry of the stream channel.
Understand how engineered channels, such as flumes or weirs, provide more control over rating curves.


Useful equations:
Flow or discharge () is the product of the average velocity () of the flux and the cross-sectional area ():

The velocity area method estimates discharge by breaking the stream into a sum of individual areas constituting the total cross-sectional area.

where  represents a given location across the transect from one wetted edge () to the other (),  is the depth averaged velocity at each location ,  is an approximate rectangular portion of the cross-sectional area at location , and  is the depth at each location .
Dilution gauging with an instantaneous (slug) tracer addition first requires numerical integration under the background-corrected tracer concentration breakthrough curve.

An estimate of discharge from dilution gauging can then be calculated form the mass of tracer added divided by the area under the concentration breakthrough curve.  These are dimensionally consistent equations, so the units should all work through the calculations appropriately.

Hydraulic radius () of a channel cross-section is defined as the area of the channel cross-section divided by the wetted perimeter of the channel at that cross-section ().

Darcy-Weisbach equation for relating average velocity to slope and friction.

where  is the acceleration due to gravity,  is the energy gradient (slope of water surface) along the channel, and  is the friction factor quantifying the resistance to flow.


[bookmark: _GoBack]Manning equation for relating average velocity to slope and friction.

where  is Manning’s roughness quantifying resistance to flow, and  is a unit conversion constant (note that this is an empirical equation, is not dimensionally consistent, and the value of  depends on the units used for  and ).
Chézy equation for relating average velocity to slope and friction.

where  is the Chézy coefficient and  quantifies resistance to flow (note that this is an empirical equation, is not dimensionally consistent, and the value of  depends on the units used for  and ).

