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Appendix E: Performing Hydraulic Evaluations 

E.1 Introduction 

Appendix E provides guidelines for performing hydraulic evaluations of fish screen 
facilities.  The methods recommended are primarily directed at large, flat plate screen designs, 
although special considerations for performing hydraulic evaluations on cylindrical screens and 
cone screens are also included.  This appendix will be updated as new information becomes 
available.   

Attached to this appendix is a technical memorandum from R2 Resource Consultants, 
Inc., (R2) to Ed Meyer of National Marine Fisheries Service (NMFS) dated March 4, 2016.  The 
memorandum summarizes an approach used to perform hydraulic evaluations in fish screen 
channels with high channel velocities.  It provides a synopsis of the challenges that occurred and 
the approach R2 developed in consultation with NMFS to address the challenges and estimate 
approach velocities. 

E.2 Purpose for Hydraulic Evaluations 

Hydraulic evaluations are necessary to ensure that water passing through a fish screen is 
distributed uniformly over all wetted screen areas.  In practical terms, they are conducted to 
ensure that water velocities through screen areas are at levels that meet NMFS velocity criteria 
and do not expose fish to the risk of becoming impinged on the screen.   

Balancing flow through a screen is also needed to minimize debris accumulation on a 
screen.  Floating or neutrally buoyant material will become impinged on fish screens where 
water velocity through the screen is highest.  Screens clogged with debris will increase head loss, 
increase through-slot velocities at areas not clogged and fish impingement in these areas, and 
impose greater forces on the screen that ultimately could cause the structural failure of screen 
elements. 

NMFS and other agencies established criteria on how fast water should pass through a 
fish screen based on the swimming abilities of target fish species and life stages and the location 
of the fish screen (Chapter 8 of the NOAA Fisheries West Coast Region Anadromous Salmonid 
Passage Design Manual [Manual]).  The criteria call for uniform flow distribution over the 
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surface of the screen.  Most screen facilities include a baffling system to distribute flow evenly 
over all screen area.  Those baffles should be adjusted during the hydraulic evaluation to ensure 
water flow criteria are being met (e.g., uniform flow distribution).  If flow through the screen 
cannot be distributed uniformly with the available baffle system, modifications to it or the screen 
facility will likely be required by NMFS. 

In the field, approach velocities cannot be expected to be perfectly uniform.  Approach 
velocities greater than the design target value are inevitable at discrete locations when diverting 
flow through fish screen at full design capacity.1  The amount of deviation of a discrete 
measurement from the target value that is deemed acceptable is 10% of the target value, 
although that value may vary on a case-by-case basis.   

E.3 Near-Screen Water Velocity Design Criteria 

NMFS developed design criteria for many features of fish screens (Chapter 8 of the 
Manual).  Those criteria were based on the best science available at the time the criteria were 
established.  An important criterion concerns the minimum amount of wetted screen area 
necessary to ensure that water velocities entering the screen will be low enough to prevent 
healthy fish from becoming impinged on the screen face.   

Figure E-1 is a diagram in plan view (looking down) of water velocities in front of a 
vertical flat plate fish screen.  The water velocity at point A is moving towards the screen and 
downstream at an angle with respect to the fish screen, as indicated by the blue arrow.  The 
length of the arrow indicates the speed of water flowing in the direction of the arrow.  The 
ambient flow vector can be broken into its components: perpendicular to the screen face 
(approach velocity) and parallel to the screen face (sweeping velocity).  The relative magnitudes 
of each velocity component are represented by the lengths of the green arrows.  In Figure E-1, 
the sweeping velocity is twice the approach velocity. 

                                                      
1 The target value is the theoretical overall average approach velocity at a given diversion rate and available wetted 
screen area; it is calculated by dividing the actual diversion rate by wetted screen area at the time the approach 
velocity measurements are taken.   
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Figure E-1.  A diagram defining near-screen water velocity terms. 

E.4 Equipment for Measuring Near-Screen Water 
Velocities 

This appendix discusses equipment and methods that have been successfully used in fish 
screen hydraulic evaluations.  Other equipment or methods may provide equally useful data, and 
the hydraulic evaluation plan should include detailed information on the velocity probe proposed 
to be used.   

E.4.1 Types of Meters 

Velocity meters (velocimeters) used must measure water velocities in two or three 
dimensions simultaneously in a small, well-defined sample volume such as three-dimensional 
(3D) acoustic Doppler velocimeters (ADV).  Examples are the SonTek 10-megahertz (MHz) 
ADV and the Nortek Vector and Vectrino probes.2  Other probes with similar abilities are also 
acceptable.  Descriptions of velocity probes in this appendix are consistent with the SonTek 
10-MHz down-looking ADV, although all concepts apply equally for other acoustic Doppler 
products.  NMFS questions the use of electromagnetic probes since the metal components of a 
screen may interfere with measurement accuracy.  A diagram of how the acoustic Doppler 
technology works is shown in Figure E-2. 

                                                      
2 Mention of a product by name does not constitute an endorsement of that product to the exclusion of other similar 
products. 
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Figure E-2.  Diagram showing how an acoustic Doppler velocimeter works.  Water velocity is measured 

in a small volume of water (0.25 cubic centimeters [cm]) located 10 cm from the tip of 
the velocity probe.  (Courtesy of SonTek, Inc.) 

E.4.2 Positioning Jigs 

Velocimeters must be positioned at the correct location and in the correct orientation to 
accurately record each velocity component.  A jig that can position the probe quickly and 
accurately will save time and provide the most reliable data.   

Velocimeters must be positioned in a way to minimize hydraulic influences from 
temporary structural components, such as any jigs used to position and secure the probes, and 
cleaning systems that have temporary or transitory effects on near-screen hydraulics.  For 
example, in one study a 10-inch-diameter cylindrical brush mast affected approach velocities 
upstream from the mast (Thomas 2004).  In a separate study, the same brush masts were found to 
affect velocities downstream for up to 30 feet.  In both studies, ambient stream (sweeping) 
velocities were approximately 3 feet per second (ft/s).  These interferences prevented the brush 
masts from being used to position the velocity probes during evaluations.  Jigs used to position 
the probes must not create hydraulic conditions that may affect velocity measurements.  In most 
cases, only one probe should be used at a time.  Stacking probes on a single support structure 
may result in hydraulic interferences and poor data quality.   

Jigs for positioning velocimeters should index off the screen face to ensure consistent and 
accurate probe positioning and orientation (Figure E-3).  Proper orientation is of the utmost 
importance when the ratio of sweeping velocity (Vs) to approach velocity (Va) is high. 
Measurement error increases with the ratio of Vs:Va, and with the amount of error in probe 
misalignment according to the equation,   

𝑉𝑉𝑎𝑎′ = 𝑉𝑉𝑎𝑎 cos 𝛿𝛿 + 𝑉𝑉𝑠𝑠 sin 𝛿𝛿                                                                                        (E-1) 
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where Va’  =  measured approach velocity 
Va = true approach velocity 
δ  =  degrees of probe misalignment, and  
Vs = true sweeping velocity 

The diagram in Figure E-4 demonstrates how a misaligned velocimeter can introduce 
significant error into measurements.  For example, when the true sweeping velocity is an order of 
magnitude greater than the approach velocity (e.g., Vs equals 3 ft/s and Va equals 0.3 ft/s), a 
three-degree error in alignment will result in a 50% error in approach velocity measurement.   

Some fish screens have been designed to have Vs:Va ratios of up to 20.  In such cases it’s 
questionable if a velocity probe can be accurately and consistently positioned to attain reliable 
data.  An alternate method of tuning a fish screen in such cases is described in a technical 
memorandum by R2 Resources Consultants, which is attached to the end of this appendix. 

 
Figure E-3.  Photograph of an alignment plate being used to ensure a Nortek Vectrino velocimeter is at 

the correct distance and orientation to the screen for taking velocity measurements.  
(Courtesy of U.S. Bureau of Reclamation Hydraulics Laboratory, Denver, Colorado) 
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Figure E-4.  Diagram showing potential errors in measured water velocities resulting from a velocimeter 

misaligned by alpha (α), beta (β), and delta (δ) degrees for scenarios A, B, and C, 
respectively.  All diagrams are viewed parallel to the plane of a screen.   

In Figure E-4, the diagrams are shown in plan view.  In all three scenarios in Figure E-4, 
the ambient water velocity (magnitude and velocity) is downstream, parallel to, and slightly 
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towards the fish screen, as represented by the blue arrows.  The true approach velocity and 
sweeping velocity are shown with green arrows.  The blue arrow is drawn such that the sweeping 
velocity is ten times greater than the approach velocity.  The red arrows represent measured 
approach velocities and sweeping velocities if the probe were misaligned by some amount.  In 
Scenario A, the probe is misaligned by 10 degrees in the counter-clockwise direction, resulting in 
a measured approach velocity 2.7 times the actual approach velocity.  In Scenario B, the probe is 
misaligned by 3 degrees in the clockwise direction, resulting in a measured approach velocity 
less than half the true approach velocity.  In Scenario C, the probe is misaligned by 13 degrees in 
the clockwise direction, resulting in a measured approach velocity in the negative direction 

Velocity meters should be mounted such that one of the probe’s primary axes is 
positioned normal to the screen face to directly measure approach velocity.  The Z axis is 
normally positioned perpendicular to the predominant flow in the waterway (Figure E-5).   

 
Figure E-5.  Photograph of a SonTek ADV (velocimeter) with measurement axes superimposed. 

In Figure E-5, the probe is fitted with a simple jig to position the probe at the correct 
orientation and distance from the screen.  In the photograph, the shop floor is a surrogate for the 
face of a flat plate fish screen.  The X component would measure approach velocity directly.  
The resultant of the Y and Z components would be the sweeping velocity, although the probe is 
usually oriented such that the velocity in the Z axis is negligible. 

It is important to consider the orientation of an ADV with respect to the predominant 
water velocity.  Acoustic Doppler technology is approximately four times more sensitive in the 
Z axis direction (Figure E-5), which means there will be about four times as much noise in 
measurements in that direction.  The additional noise is not an issue when flow in the Z axis 
direction is a minor component of the predominant flow, but may be an issue when the velocity 
in the Z axis direction is either a major component of the ambient flow or the velocity 
component of greatest interest is the Z axis.  Additionally, pointing the probe in the upstream or 
downstream direction will allow the probe itself to interfere with near-screen hydraulics.  
Table E-1 lists the maximum water velocities in each axis for the different velocity range settings 
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for the SonTek ADV.  The principles apply to other acoustic Doppler probes, but values may 
vary.  The velocimeter’s user manual should be followed to determine the most appropriate 
setting for each application. 
Table E-1.  Maximum velocity capabilities for SonTek 10 MHz ADV probes.  

ADV Velocity Range Setting Maximum X and Y Axis 
Velocity Maximum Z Axis Velocity 

3 cm/s 30 cm/s 8 cm/s 

10 cm/s 60 cm/s 15 cm/s 

30 cm/s 120 cm/s 30 cm/s 

100 cm/s 300 cm/s 75 cm/s 

250 cm/s 360 cm/s 90 cm/s 
Notes:  
Because these values are based on the physics of acoustic Doppler technology, the same values may apply for 
Nortek probes.   
Source: Acoustic Doppler Velocimeter Principles of Operation, SonTek, Inc. 
cm/s: centimeter per second 

E.4.3 Special Considerations for Cylindrical Screens 

Most cylindrical screens have fixed (non-adjustable) baffles to distribute flow relatively 
evenly over all screen area; however, one baffle design cannot provide optimum, consistent 
performance over a large range of environmental conditions.  The baffles are often optimized for 
stagnant or low velocity areas.  In a high velocity environment, flow separation can occur on the 
upstream end, which can result in reverse flow through screen material on the upstream end of a 
cylindrical screen (Figure E-6).  Bullet fairings can help smooth the hydraulics past the screen, 
but fairings of a length sufficient to provide adequate results are seldom used.  Custom internal 
baffling may reduce the reverse flow condition, but more research is needed.  Extending the 
length of a cylinder screen with either additional screen area or a non-porous surface may 
mitigate the effects of flow separation in a high-velocity environment. 
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Figure E-6.  Diagram of hydraulics at a 5-foot-long, 4-foot-diameter, cylindrical fish screen.  The screen’s 

long axis is oriented parallel to the predominant streamflow, which is traveling left to 
right.  The shaded portion is the porous screen material.  The screen has a domed cap on 
the upstream end (left) and a manifold to the intake on the downstream end (right).  The 
blue arrows represent magnitude and direction of two-dimensional hydraulic 
measurements along the top and bottom of the screen unit.  The gray, dashed curves are 
approximate streamlines showing flow separation on the upstream end of the screen unit.   

When evaluating cylindrical screens, positioning the probe by indexing off the screen 
face is fairly simple if the probe can be mounted with its axis parallel to the axis of the cylinder.  
This is the case if the screen is long enough to support the probe and the screen is oriented 
perpendicular to streamflow for a down-looking probe or parallel to streamflow for a side-
looking probe.  Most T screens are oriented with their long axis parallel to the predominant 
streamflow; mounting a down-looking velocity probe with its Z axis (Figure E-4) parallel to the 
predominant streamflow may be problematic in these situations, as described in Section E-4.2 
(the velocimeter’s user manual should be followed for the probe being used to determine the 
most appropriate setting for each application).  If no other means to measure flow is available, 
mounting a down-looking probe parallel to streamflow may be performed with the understanding 
that the data collected may be affected by the probe’s position with respect to streamflow.  
Streamflows higher than 1 ft/s will likely result in a noticeable amount of interference, either by 
interfering with the approach velocity measurement as sweeping flow is diverted around the 
probe, or by increasing RMS (root mean square) values resulting from increased turbulence 
caused by the probe.  Under these circumstances, measurements of sweeping velocity would not 
be reliable.  

The best method for measuring near-screen water velocities on cylindrical screens may 
be to use a probe with a flexible connection between the probe head and the conditioning module 
or a probe with a side-looking head.  Velocimeters for field use commonly have a rigid stem 
between the probe head and the conditioning module, as shown in Figure E-5.  Down-looking 
and side-looking heads are available on velocimeters with rigid stems.  Nortek and SonTek also 
offer velocimeters with flexible stems, so the sensors can be mounted near the screen and away 
from the conditioning module (Figure E-7).  Velocimeters with side-looking heads have a 
90-degree bend in the stem near the head, so the signal emitter is perpendicular to the axis of the 
probe.  SonTek and Nortek offer side-looking versions of their velocimeters. 
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Smaller cylindrical screens may not allow mounting one of the above-mentioned 
velocimeters to the screen face to take measurements.  For those situations when an alternate 
means of positioning the velocimeter (probe) may be necessary, an alternate velocity measuring 
device may be used.  Also, if water visibility allows, a qualitative analysis may be acceptable by 
using tracer dyes near the face of the screen.  Dye tests can show the relationship between 
approach and sweeping velocities by releasing dye at a known distance from the screen and 
observing the horizontal distance to where the dye enters the screen.  Dye tests can also show 
locations of negative flow (water exiting the screen) and areas of relative turbulence.  Video 
recording dye tests in high-visibility situations would preserve a record of the hydraulic 
conditions and support follow-on analyses.  For these analyses, incorporating a means to 
measure distances into the video would aid in video analysis. 

  
Figure E-7.  Photographs of Nortek Vector velocimeter with a vertical (down-looking) mount head on a 

rigid stem (left) and a Nortek Vectrino velocimeter with a horizontal (side-looking) head 
on a cable (right).  (Courtesy of Nortek)  

E.5 Hydraulic Evaluation Plans 

A hydraulic evaluation plan should contain the following information.   

• Diagrams of the overall intake structure with dimensions 
• Details of the flow control baffle system, including the method used for adjusting the baffles 
• Equipment to be used in the study, including: 

- The type of probe to be used 
- Details of the jig for positioning the probe at each measurement location, showing 

how the probe will be held in the correct orientation with respect to the fish screen 
- Boats or other equipment necessary to access the screen, if applicable 
- Computer software to be used for data organization and analysis 
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• Proposed study methods to be used, including: 
- An explanation of the order in which velocity measurements will be recorded and 

how long data will need to be recorded for each measurement 
- A detailed diagram showing where velocity measurements will be made on each 

screen panel (or screen unit) 
- Identification of the range of diversion rates to be used during the evaluation 
- A list of environmental conditions that may restrict the implementation of the 

hydraulic evaluation plan 

• An explanation of how head loss across the screen will be measured using existing 
instrumentation or survey equipment 

• Acceptance criteria used to identify how the evaluator will know when the screen is tuned 
such that it meets NMFS criteria 

E.6 Methods for Measuring Near-Screen 
Velocities 

For flat plate fish screens, it is often most efficient to take measurements at the center of 
each panel or at two elevations along the center line of each screen panel.  This allows the 
uniformity of flow along the entire screen to be quickly assessed.  A quick calculation of 
continuity will determine if the measured values are reasonable for the diversion rate (i.e., if the 
measured values equal or are close to the target value).  The diversion rate during the time of the 
evaluation must be known.  If there is no permanent means to measure diverted flow, then the 
flow must be measured manually using a commonly accepted method prior to recording near-
screen velocities.  The diversion rate should be checked again at the end of each evaluation 
session to ensure consistent diversion rate throughout the study period.  The target value is the 
theoretical overall average approach velocity at a given diversion rate and available wetted 
screen area.  The target value may be calculated by dividing the actual diversion rate by wetted 
screen area at the time the approach velocity measurements are taken.  Baffles can then be 
adjusted such that these gross measurements are equal along the screen; each measurement 
should approximate the target value.  Once the test values are approximately equal, velocities can 
be measured in a more detailed grid.  As a rule of thumb, a detailed study should have one 
velocity measurement for every 4 square feet of screen area.   

E.6.1 General Guidelines for Measuring Near-Screen Velocities 

General guidelines for measuring near-screen hydraulic conditions are as follows: 

• Velocity measurements should be recorded at locations over the entire screen surface.  Flat 
screen panels should be divided into zones of approximately equal area, and velocity 
measurements should be recorded at the center of each zone (Figure E-8).  For a detailed 
(fine) grid of measurements, each measurement zone should be 4 to 6 square feet in size, and 
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measurement locations near the perimeter of a screen panel should be approximately 1 foot 
from the edge to assess any screen bay boundary affects.   

• Record velocity data for a period of at least 30 seconds at each location.  Longer sample 
periods may be appropriate depending on sampling and averaging rates of the probe and 
suspected turbulence.   

• Be cognizant that boat traffic can affect approach velocity readings; plan recording times to 
minimize such effects. 

• Conduct probe checks before and after collecting velocity data each day and whenever a 
probe is suspected of being damaged.  Ideally, probe checks should be conducted with the 
probe in position for velocity measurements.  Sample probe check data should be recorded 
for future reference.   

• Record river stage and flow at the nearest gauging station for the period of the study.  Water 
depth at the screen face should also be recorded.  On longer screens, or on screens with high 
sweeping velocities, water depth may vary, so water depth should be recorded at several 
locations along the length of the screen. 

• Record diversion flow rate at least twice each day.  If there is any reason to believe diversion 
rates varied throughout the day, those variations should be noted and considered in the data 
analysis. 

• Measured velocities and total wetted screen area should be used to calculate the diversion 
rate.  The calculated diversion rate should be compared with recorded diversion rates as a 
continuity check.  A large discrepancy could indicate the chosen velocity measurement 
points are not sufficient and a tighter grid pattern is required. 

• Velocity measurements for rotary drum screens should be developed in consultation with 
NMFS.   

E.6.2 Special Considerations for Large Screens 

On large screens, coarser grids of measurement points may be acceptable to expedite the 
evaluation process.  Conducting evaluations quickly is important to ensure consistent 
environmental conditions (stream and diversion flow rates) throughout each test run.  Acceptable 
methods for expediting an evaluation may be determined by NMFS on a case-by-case basis and 
may include the following: 

• Measure near-screen velocities in a coarse grid over the entire screen structure.  If 
measurements taken in the coarse grid are uniform, measure near-screen velocities in a fine 
grid on 20% to 50% of the screen panels (or screen units), selecting panels or units from a 
variety of locations along the length of the facility.  If data recorded on the detailed grids are 
uniform, this may indicate that all of the screen panels or units are tuned uniformly. 

• For screen structures with large screen bays, approach velocities are typically relatively 
uniform over the center of each screen bay.  A screen bay is an open area behind screen 
panels and flow attenuation baffles hydraulically isolated from other bays by structural 
components.  A screen bay may have one or more screen panels or units.  In this situation, a 
reduced number of measurements in the center of each screen panel may be acceptable 
(Figure E-8).  

• On very large structures, the number of measurement points may be reduced further to 
complete the evaluation in a timely manner.  Timeliness may be important for maintaining a 
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consistent diversion rate and sweeping flow throughout the duration of the velocity 
measurement session.  Near-screen velocities should be measured at a minimum of three 
depths on screen panels taller than 6 feet in height. 

 
Figure E-8.  Three potential layouts for locations for near-screen velocity measurements on a theoretical 

fish screen that is 8 feet wide by 8 feet high.  Black dots indication the locations for 
measurements.   

In Figure E-8 Example A, velocity measurement points are at the nodes of equally spaced 
grid lines resulting in measurements concentrated in the center of the screen panel.  In 
Example B, points are at the center of sections divided by equally spaced grid lines, with one 
measurement point for every 4 square feet of screen area.  In Example C, velocity measurement 
points de-emphasize the center of the screen panel where approach velocities are often higher 
and more uniform than near the perimeter, especially on larger screen panels.  In Example C, the 
locations will likely give an accurate representation of hydraulics over the entire screen, with 
about half the number of measurements as in Example B.  Also, in Example C the diversion rate 
may be calculated by multiplying measured approach velocities by the respective screen surface 
area for each section (i.e., all measurements would be weighted according to the relative amount 
of screen area represented by those measurement point).   

E.6.2 Special Considerations for Cone Screens 

Cone screens are conical-shaped, semi-retrievable screen units designed for backwater 
sloughs and tidal areas where there is no predominant current direction.3  Cone screens are 
circular with sloping sides and three or four rotating brush arms to clean the outer screen surface.  
The screen material may be perforated plate or wedge wire.   

Two styles of internal baffles are used to distribute flow uniformly over all screen area; 
neither style is adjustable.  Style 1 is an inverted cone that divides the internal chamber into 
upper and lower halves.  Style 2 consists of four vertical dividers that divide the internal chamber 
into four equally sized, pie slice-shaped quadrants.  Occasionally, cone screens may be installed 
in shallow, riverine environments to take advantage of the high surface area to height ratio of 
these screens.  When installed where there is a predominant current, the Style 2 internal baffle 
system should be used to prevent water from flowing completely through the unit.   

                                                      
3 Cone screens are a patented fish screen product of Intake Screens, Incorporated, Sacramento, California. 
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The equipment and methods used for performing hydraulic evaluations on cone screens 
are similar to those used on flat plate screens and cylindrical screens.  In some cases, a down-
looking velocimeter may be acceptable, as shown in Figures E-8 and E-9.  On smaller screens, a 
side-looking velocimeter or a flexible head velocimeter may be more appropriate.  The 
velocimeter positioning jig must be designed for the specific type of probe and the environmental 
conditions for each site.  Similarly, the evaluation plan should consider the environmental 
conditions and plan accordingly to achieve reliable results.  In tidal areas, the hydraulic 
evaluation may need to study near-screen hydraulics under flood, ebb, and slack tides separately 
to determine if hazardous conditions exist under any of those conditions. 

 

  
Figure E-9.  Photographs of a cone screen being installed (left side) and a velocimeter being installed on a 

cone screen for a hydraulic evaluation (right side).  (Photo on left courtesy of Intake 
Screens, Incorporated) 

 
Figure E-10.  Photograph of a velocity probe positioned to record near-screen water velocities in a 

laboratory setting, from Hanna 2011.  (Courtesy of U.S. Bureau of Reclamation 
Hydraulics Laboratory, Denver, Colorado) 
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The methods used to collect hydraulic data on cone screens are similar to the methods 
used for other screens: the screen surface should be divided into zones, and a velocity 
measurement should be made at the center of each zone.  Calculations for continuity should take 
into consideration the different sizes of each zone.   

E.7 Data Analysis 

Recorded data should be estimated in near real time.  While data are being recorded, the 
average velocity value for each point may be estimated by observing a real-time data readout.  
Wide variations in approach velocity or sweeping velocity during these observations should alert 
the user to unexpected conditions or problems with the velocimeter. 

After recording data in a test run at all screen measurement points, the data should be 
analyzed on site to determine if the data meet the acceptance criteria.  Many digital tools are 
available for analyzing data.  Each probe has proprietary software for preparing data for export to 
data analysis programs.  WinADV is a useful tool created by the U.S. Bureau of Reclamation for 
analyzing data from SonTek ADV velocimeters.  Spreadsheet macros, MathCAD, and SAS are 
all methods that have been used to organize and analyze raw data. 

E.8 Reporting 

Reporting data may be accomplished using a combination of graphs, charts, tables, and 
figures.  The primary purpose is to present approach velocity data for each individual location 
where data were recorded.  Sweeping velocity data also need to be presented, and all data need to 
be supported with information on how the measurements were conducted.  

Tables arranged in a meaningful manner and color-coded convey information in a manner 
more easily understood than simple lists of numbers.  Below are examples of useful ways to also 
present data: 

• Include a description of the equipment used, photographs that show how the study equipment 
was deployed, and drawings showing details of the equipment setup. 

• Include a figure of a typical screen panel or unit with points indicating locations where 
velocity data were recorded.  

• Include data tables in an appendix.  Tables may include Location ID, AverageVx, 
AverageVy, AverageVz, RMSx, RMSy, RMSz, and special notes or descriptors as necessary.  
RMS values are an indication of turbulence and are important for considering the quality of 
approach velocity data. 
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• Approach velocity data can be plotted along the screen structure with separate plot lines for 
each depth.  Including a plot of the theoretical overall average approach velocity (the target 
value) calculated by dividing the diversion rate by the total wetted screen area is 
recommended. 

• A figure showing color-coded approach velocity data over the entire screen surface will 
identify measurement points that exceed the acceptance criterion.  Examples are shown in 
Figures E-11 and E-12. 

 
Figure E-11.  Spreadsheet example of approach velocity (denoted as Vx in this figure) data for a flat plate 

screen displayed in a grid representing locations where measurements were taken over 
the surface of a fish screen. 

Cells are color coded to represent categories of approach velocity data as percentages of 
the target value for approach velocity. 

 
Figure E-12.  Graphical plan view presentation of approach velocity values on an array of ten cone 

screens using topography mapping software and CAD.   

Approach velocity data (fps)

0.25 0.25 0.29 0.26 0.25 0.26 0.29 0.3 0.29 0.26 0.25 0.26
0.14 0.21 0.23 0.23 0.24 0.26 0.21 0.23 0.23 0.24 0.22 0.22
0.18 0.25 0.26 0.18 0.2 0.25 0.24 0.2 0.25 0.3 0.28 0.32

Approach velocity as a percentage of the target value (0.25 fps)
Vx > 120%
110% < Vx < 120%
90% < Vx < 110%
Vx < 90%
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In Figure E-12, the three or four screen units on the left were exposed to high river flows; 
flow was from the bottom left of the figure to the upper right.  The other screen units were in an 
eddy.  In this figure, screen regions were color-coded according to approach velocity.  Red 
values were 1 fps or higher, green values were between 0 and 1 fps, and blue values were less 
than 0 (i.e., water was exiting the screen).  A solid plate was affixed to the upstream face of the 
leading screen unit to deflect the fastest water flows around the unit.  Approach velocities near 
the deflection plate were between 0 and 1 fps, so the area is shaded green. 

It is also recommended that the reported data include a plot of data from the final probe 
check of each probe used.  This provides confirmation that the velocimeter was not damaged 
during the study.  An example plot is shown in Figure E-13.   

 
Figure E-13.  Sample data from a probe check test in point and line graph form. 

The test shows signal strength for each receiver.  Signal strength is greatest at the 
distance to the control volume where velocities are measured.  All three receivers peak at the 
same location, indicating the probe is calibrated correctly.  Additionally, there are no outliers for 
any of the receivers, indicating there is no interference from nearby structures. 

• Consider the potential ramifications of probe misalignment on recorded data.  Misaligning 
the probe can add or subtract a portion of the sweeping flow to the approach velocity as 
shown in Figure E-4.  Probe misalignment may be the cause of larger differences between the 
measured diversion rate and the calculated diversion rate (calculated from measured 
approach velocity data and screen area). 

• Sweeping velocity data can be reported in a diagram of the screen facility with sweeping 
velocity vectors superimposed over the image.  Some means of indicating the scale of each 
vector should be included.  Sweeping velocity data are most important in confined screen 
chambers where zones of low velocity may provide predator habitat.  An example diagram is 
shown in Figure E-14. 
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Figure E-14.  Diagram of an inclined fish screen located within an intake channel shown in plan view 

with sweeping velocity vectors superimposed (top).  Oblique photograph of the 
dewatered intake-looking upstream (bottom). 

The water intake is located at the lower left, and the bypass is located at the lower right of 
the graphic in Figure E-14.  Each vector originates at the point of measurement and extends in 
the direction of flow.  The length of each vector represents the magnatude of sweeping velocity.  
In the example, sweeping velocity is nearly 0 in the upper left corner.  Note that as shown in 
Figure E-14, a scale bar should be included when reporting sweeping velocity data in a diagram 
of a screen facility to provide a refereence for velocity magnitudes. 
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E.9 Discussion 

Each evaluation site poses unique challenges for carrying out hydraulic evaluations.  
While there are few absolute rules for designing and implementing an evaluation plan, it is 
critical that the velocimeter be positioned in the correct orientation with respect to the fish screen 
to ensure the most accurate data are recorded.  This requires a velocimeter positioning system 
that is robust, easy to use, and reliable.  In most cases, the technician carrying out the evaluation 
cannot see the velocimeter at each measurement location, so the positioning system should be 
reliable and easy to use from the surface.  Therefore, NMFS recommends investing in a sturdy 
and reliable velocimeter probe positioning system.   
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  15250 NE 95th Street  
Redmond, WA 98052-2518 

 Phone:  (425) 556-1288  
Fax:  (425) 556-1290 

e-mail:  mail@R2usa.com  

  
  

Technical Memorandum 

Date:  March 4, 2016  Project Number: 9999.13  

To:  Ed Meyer, National Marine Fisheries Service  

From:  R2 Resource Consultants, Inc.  

Subject:  Hydraulic Evaluations in High-Velocity Fish Screen Channels  
 

  
Ed Meyer, Fisheries Engineer with the National Marine Fisheries Service (NMFS) requested that R2 
Resource Consultants, Inc. (R2) provide him with a description of the approach R2 has recently used to 
perform hydraulic evaluations in fish screen channels with high channel velocity sections designed to 
capture fish within the channel.  This memorandum provides a synopsis of the challenges that have 
occurred when attempting to measure screen approach velocities per the 2011 NMFS facility design 
document guidelines, and a description of the approach R2 has used in consultation with NMFS to 
address these conditions and estimate the approach velocities.  
  
The following text concerning the evaluation of juvenile fish screens is provided in Section 15.2 of the 
2011 Anadromous Salmonid Passage Facility Design (NMFS 2011).  

Hydraulic evaluations of juvenile fish screens must include confirmation of uniform 
approach velocity and the requisite sweeping velocity over the entire screen face.  
Confirmation of approach and sweeping velocities must consist of a series of velocity 
measurements encompassing the entire screen face, divided into a grid with each grid 
section representing no more than 5% of the total diverted flow through the screen (i.e., 
at least 20 grid points must be measured).  The approach and sweeping velocity (parallel 
and perpendicular to the screen face) should be measured at the center point of each grid 
section, as close as possible to the screen face without entering the boundary layer 
turbulence at the screen face.  Uniformity of approach velocity is defined as being 
achieved when no individual approach velocity measurement exceeds 110% of the 
criteria.  In addition, velocities at the entrance to the bypass, bypass flow amounts, and 
total flow should be measured and reported.  
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Concern with Approach Velocity Measurements  
A number of downstream migrant collectors are currently designed with high channel velocity sections 
within the dewatering screen channel.  The purpose of these high-velocity sections is to trap the fish, 
committing them to the channel if they pass that location.  However, the high sweeping velocity in the 
channel makes direct measurement of the screen approach velocity very difficult, if not impossible, given 
current technology.  
  
A number of cumulative potential error factors complicate the ability to accurately measure a screen 
approach velocity in a high sweeping velocity environment including inherent meter inaccuracy, required 
distance from the screen, meter positioning and turbulence in the approaching flow.  Each of these is 
explained in the bullets below.  The most common, and probably most accurate, type of meter currently in 
use for measuring channel flow velocities is the Acoustic Doppler Velocimeter (ADV).  Although ADV 
meters provide measurements of the velocity in three dimensions, and the accuracy of measurements in 
the high-velocity dimension is often within 1%, some of the potential sources of error when measuring 
the low approach velocity include:  

• When the velocity is very high in one dimension, relative to the dimension being measured, the 
accuracy of the low-velocity measurement can be compromised.  

• ADV meters need to be positioned at least a couple of inches away from the screen to prevent signal 
interference from the screen material.  If the sweeping velocity is 15 times the approach velocity and 
the meter is 2 inches away from the screen then the water at the point of the measurement would not 
actually pass through the screen until it has travelled 30 inches downstream, where the screen 
characteristics may be different and/or it may be an entirely different screen panel.    

• The importance of the exact angular positioning of the meter becomes more critical the greater the 
differential between the approach and sweeping velocities.  If the meter is positioned one degree off 
of perpendicular to the screen, and the actual approach velocity is  

0.35 fps, the error in the approach velocity reading will be 40% if the sweeping velocity is  
8.0 fps, whereas the error would only be 12% if the sweeping velocity was 2.5 fps.  

• Finally, turbulence that might seem small or insignificant relative to the higher sweeping velocity 
could be very significant relative to the smaller approach velocity.  

  
Therefore, a decision concerning whether or not an approach velocity can accurately be measured in the 
field is a site specific decision based on the hydraulic conditions including the turbulence, the differential 
between the sweeping velocity and the anticipated approach velocity, and the stiffness and accuracy of 
the meter mounting hardware.  A somewhat general rule of thumb might be that if the sweeping velocity 
is at least 8 to 10 times the anticipated approach velocity then field measurements of the approach 
velocity might be considered to be impractical. 
  
The following is a description of a methodology that can be used to estimate the average approach 
velocity of individual regulated sections of screen when direct measurement is impractical.  
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Large fish screens are generally divided into small isolated screen panels that are hydraulically controlled 
individually by dedicated adjustable baffles.  This approach velocity estimating methodology is based on 
determining the combined flow passing out of the channel through a defined set of panels and then 
distributing the measured combined flow among the individual panels within the set based on measured 
headlosses across the screens.  A panel with a higher average approach velocity will have a greater 
headloss across it than a panel with a lower average approach velocity, with all other conditions being 
equal.  The following steps describe the procedure for estimating individual screen panel approach 
velocities.  
  

Select Channel Flow Measurement Transects  
The channel flow rate needs to be measured at numerous transects along the length of the channel.  This 
will effectively divide the channel into discrete sections between transects, with each section including 
some number of individual screen panels.  The initial upstream transect (Measurement 1) should be at the 
upstream end of the first screen panels to provide a measurement of the overall flow rate entering the 
screen channel.  Subsequent channel flow measurement transects need to be located at junctions between 
screen panels so that a set number of full screen panels are located between the measurement transects.  
There are two factors that need to be considered when choosing subsequent measurement transects.  First, 
there should be adequate distance downstream that allows for a large enough change in the overall 
channel flow rate that the significance of inherent potential for error in the channel flow measurements is 
minimized, relative to the calculated total screen flow leaving the channel between the two transects.  
Conversely, subsequent channel flow measurement transects need to be close enough to each other that 
the hydraulic condition in the channel (most significantly the downstream sweeping velocity) over the 
distance between the two transects does not significantly change.   
The balance between these competing goals is explained below.  
  
The manufacturer’s cited accuracy for even the best meters used for measuring the channel flow is 
typically plus or minus 1%.  If applied to a hypothetical channel designed for a total inflow of 100 cfs, 
operating exactly as designed, the entrance flow could be measured as high as 101 cfs.  Table 1 provides 
three examples showing the potential consequence of incorrectly calculating the screen flow leaving the 
channel if the subsequent measurement location is chosen after 10%, 20% or 30% of the total flow has 
been removed from the channel through the screens, and the subsequent channel flow measurement is 1% 
low.  It can be seen that the further downstream the subsequent measurement is taken, the less potential 
error there is in the calculated total screen flow leaving the channel.  
 
 
Table 1. Estimates of Screen Flow Measurement Errors for Various Transect Locations.  

Design  
Entrance  

Flow  

Measured  
Entrance  

Flow  

Design  
Subsequent  

Channel  
Flow  

Measured  
Subsequent  

Channel  
Flow  

Design  
Section  
Screen  
Flow  

Calculated  
Section  
Screen  
Flow  

Calculated 
Screen  

Flow Error  

100.0  101.0  90.0  89.1  10.0  11.9  19%  

100.0  101.0  80.0  79.2  20.0  21.8  9%  

100.0  101.0  70.0  69.3  30.0  31.7  5.6%  
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Conversely, the basic assumption that the variations in head across the individual screen panels within a 
measurement section is a function of only variations in the average approach velocities through the screen 
panels, and nothing else, is only true if the hydraulic condition in the channel, most notably the channel 
velocity, is not changing significantly over the length of the channel section between the measurement 
points.  In a channel that starts at a relatively low entrance velocity, accelerates to a high capture velocity 
(often 7 fps or greater), and then decelerates to a lower transport velocity exiting the channel with the 
fish, this basic assumption will not be true if the channel measurement section is too long with a 
significant change in channel velocity over its length.  This is because the orifice flow coefficient of the 
screen varies with the magnitude of the sweeping velocity passing by the screen.  
  
Balancing these two competing goals results in the best target for a subsequent measurement location 
being the first junction available between screen panels where at least 20% of the design flow has been 
removed from the channel through the screens.  A channel length shorter than this results in an 
unacceptable potential error in the screen flow calculation (greater than 10%), whereas longer than this 
may include changes in the channel velocity that could negate the basic assumption of the estimate, with 
little improvement in the potential error.  
  

Channel Flow Measurements  
Channel flow measurements at defined measurement locations along a fish screen channel are 
accomplished typically with an array of velocity meters distributed throughout the measurement transect.  
The transect cross section is divided into a number of relatively square subsections and a velocity 
measurement in the downstream direction is taken in the center of each subsection, and used as an 
average velocity for the subsection to estimate the flow.  For large transect cross sections up to 20 
subsections are typically used.  As the channel diminishes in width and depth, a smaller number of 
subsections are used with the goal of maintaining relatively square subsections.  As the channel area gets 
very small near the downstream end, a practical lower limit for the size of subsection is approximately 8 
inches on a side.  
 

Screen Panel Approach Velocity Estimates  
The section of channel between two measurement transects is considered to be a measurement section.  A 
number of individually controlled screen panels will be located within that section.  The combined total 
flow passing out of the channel through these screen panels is calculated as the difference between the 
channel flows measured at the two transects.  Flow passing through a screen panel can be expressed as a 
function of the hydraulic headloss across the screen by the equation below:  
  
QP = C * AP * P * (2G)0.5 * H0.5  Where: QP = Screen Panel Flow  

 C = Screen Orifice Flow Coefficient  
 AP = Submerged Area of the Screen Panel  
 P = Open Area Porosity of the Screen Material 
 G = Gravity Acceleration 
 H = Hydraulic Headloss across the Screen 

 
The gravity acceleration (G) is a constant value of 32.2 ft/s2.  The open area porosity of the screen 
material (P) also needs to be a constant for all the screen panels within a section of channel being 
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analyzed.  The screen orifice coefficient (C) is a function of the screen material characteristics and the 
hydraulic conditions upstream and downstream of the screen.  The downstream side of the screen is a 
controlled hydraulic environment between the screen and the baffle behind it.  So long as the screen 
material and the design of the screen/baffle arrangement are consistent throughout the panels within the 
measurement section the hydraulic conditions on the downstream side of the screen panels can be 
considered to be constant.  In a channel with a changing sweeping velocity (VS) on the upstream side of 
the screen the coefficient will vary between the screen panels.  With all other factors equal, the screen 
orifice coefficient will decrease as a result of higher sweeping velocities on the upstream side of the 
screen.  Therefore, for the same screen approach velocity, the resulting hydraulic headlosses across the 
screen panels will be larger for panels exposed to higher sweeping velocities on the upstream side.  
However, if the variation in the channel sweeping velocity over the length of the channel measurement 
section is small, then the variation in the coefficient can be considered to be insignificant.  If possible, the 
change in channel velocity over the length of the measurement section should be limited to less than 1 
fps.  It is estimated that with all other conditions constant, a change from 2 fps to 3 fps channel velocity 
would reduce the screen coefficient (C) by about 8%; whereas, a change from 8 fps to 9 fps would reduce 
the coefficient by about 12%.  At this higher extreme this would mean that if individual screen panel 
flows (and by extension the approach velocities) are to be estimated based on an assumed constant Z 
factor for the section then the estimates at the section end with 9 fps channel velocity would be about 6% 
high and at the 8 fps end they would be about 6% low.  
  
For a group of screen panels within a measurement section between channel measurement transects, 
where the orifice coefficient can be considered to be a constant and the screen material is consistent 
throughout the section, the equation for the relationship between the flow through the screen panel and 
the headloss across the screen becomes: 
  

QP = Z * AP * H0.5    where the Correction Factor Z = C * P * (2G)0.5   
  
Since Z is assumed to be a constant for all screen panels within the section, the total calculated screen 
flow can be distributed between the screen panels based on measurements of the headloss across each of 
the individual screen panels.  The relationship is expressed in the equation below for a hypothetical 
section of channel with six individually controlled screen panels, where QT is the total calculated flow 
passing out through the combined screen panels:  
  

QT = Z * (A1*H10.5 + A2*H20.5 + A3*H30.5 + A4*H40.5 + A5*H50.5 + A6*H60.5)  
  
The submerged area of the individual screen panels is determined by the known widths of the panels and 
a measurement of the water surface in the channel on the centerline of the panel (assuming the water level 
is below the top of the screen) relative to the known invert of the screen panel.  If the entire screen panel 
is submerged then the submerged area is the width times the full height of the screen panel.  The head 
drop across the screen is the difference between the measurement of the water surface in the channel and 
an identical measurement taken behind the screen in the space between the screen and the baffle, also 
along the centerline of the screen.  Head differential across the screen could also be measured directly 
with manometers or differential pressure sensors.  The head differences can be measured in any 
measurement units (ft, in, mm, etc.) so long as the same units are used consistently, because any 
conversion factor will be accounted for by the as yet unknown constant Z.  
  
Table 2 provides the results for an example section of channel with six screen panels and a combined 
calculated screen outflow of 45 cfs.  In the example, the screen panels all have slightly different 
submerged areas and different heads across the screen panels.  The total combined submerged screen area 
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is 137.0 ft2, resulting in an average overall approach velocity of 0.33 ft/s.  This example is roughly based 
on actual measurements taken in the field during a hydraulic evaluation of a screen channel.  If any of the 
individual screen panels exceed criteria, baffle adjustments can be made and the headloss measurements 
retaken until each of the individual panels meet criteria.  
  
This approach will result in defensible estimates of the average screen approach velocities for the 
individual screen panels within a fish screen channel.  It would also tend to be more cost effective than 
attempts to take direct approach velocity measurements.  Perhaps most importantly, it will prevent the 
potential for erroneous baffle adjustments based on unreliable data from direct approach velocities 
measurements in environments that are less than ideal for such measurements.    
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Table 2. Example Results for a Section of Screen Channel with Six Screen Panels.  

  
Screen 

Area (ft2)  
Screen 

Head (in)  A*H0.5  

Correction  
Factor  

(Z)  

Corrected for  
Total Flow (45 

cfs)  

Panel  
Approach  

Velocity (ft/s)  

Panel 1  23.75  0.55  17.61  0.4578  8.06  0.34  

Panel 2  21.25  0.50  15.03  0.4578  6.88  0.32  

Panel 3  24.00  0.60  18.59  0.4578  8.51  0.35  

Panel 4  23.50  0.40  14.86  0.4578  6.80  0.30  

Panel 5  21.50  0.55  15.94  0.4578  7.30  0.34  

Panel 6  23.00  0.50  16.26  0.4578  7.44  0.32  

Total  137.0    98.29    45.0    
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