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ish Screen Evaluations

Fish Screen Oversight Committee Workshop
September 14, 2023

Steve Thomas, P.E.
National Marine Fisheries Service
steve.thomas@noaa.gov


Presenter Notes
Presentation Notes
The information in this presentation comes from my personal experience.  There may be other methods to measure near-screen water velocities that are just as good or better.


Purpose

* Ensure water is uniformly distributed over all
effective screen area

» Adjust flow control baffles to achieve uniform
distribution of flow through screens

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. NMFS 2022, Appendix E
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Presenter Notes
Presentation Notes
Our guidelines call for screens to be adjusted such that no point measurement exceeds the target value by 10%.  That is a really high bar to meet since the natural environment is riddled with chaos and random motion that can interfere with measurements.  Taking measurements in one place 30 minutes apart may differ by 10%.
The “Target Value” is equal to the diversion rate divided by the total effective screen area.
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Terms

« Target Approach Velocity is the theoretical average
approach velocity for a scenario: the current diversion rate
divided by total effective screen area.

« Design Approach Velocity (given) is used to determine the
minimum amount of screen area required based on the
diversion capacity. (A = Q,./ V, )

* The actual approach velocity is what's happening right now.
If all goes well, this is what we can measure.
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Terms

Direction of water flow

in front of fish screen
Approach

velocity

Sweeping velocity
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Presenter Notes
Presentation Notes
Figure shown is in 2D.  Normally, or often, the vertical component is negligible, but not always.  Technically, “sweeping velocity” is the resultant of the Y and Z components, but usually the Z component is negligible.


Equipment
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Acoustic — Transnutter

» 2D or 3D acoustic i
Doppler velocity (ADV) ™™ it A
probe that measures 4 :
velocity at a discrete @
location. My
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3D Vel
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commonly used. RemoteSampiing Volune

Dianeter 0.6 cin, Hegght 0.9 cm

Images from SonTek, Inc.

oo
> -
< %
¢
3 2
H 3
g ]
2
<
)
O@e,
Ahien O

J' FISHERIES

Page 5 U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries Service


Presenter Notes
Presentation Notes
Acoustic pulse (sound) emanates from the transmitter.  The signal reflects off particles in the water. Receivers pick up the reflections and the software determine water velocity (magnitude and direction).  
The water must have some suspended solids to reflect the signal.  


SonTek ADV with
down-looking head

Side-looking head
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Presenter Notes
Presentation Notes
The probe shown is intended to be used in a vertical orientation so the head is pointing downward.  The probe can be used horizontally as long as the predominant water velocity is not in the Z direction (+ or -).  Probe stems are also made with a 90 degree bend to allow measurement parallel to the probe axis.  Those are side-looking probes.
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Presenter Notes
Presentation Notes
So the probe should be positioned like this to measure near-screen velocities.  The orientation of the wires of the screen is not important.


Sweeping Velocity

O (degrees) 0.66 1ps 1.0 ips 2.0 fps 3.0 ips 4.0 fps 5.0 fps
-5 0.27 0.24 0.15 0.07 -0.02 -0.11
-3 0.30 0.28 0.22 0.17 0.12 0.07
0 0.33 0.33 0.33 0.33 0.33 0.33
3 0.36 0.38 3 0.49 0.54 0.59
5 0.39 0.42 0.50 0.59 0.68 0.76

N—

50% Error

Va'= Vacosd + Vssino

VYVVVVVVVVVVVVVVVVY

FISH SCREEN
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Presenter Notes
Presentation Notes
Animations: 
Probe misaligned
Dotted arrows show magnitude of measured approach and sweeping flows.
Table shows values of measured approach velocity for a probe twisted by +/- 3 or 5 degrees for several sweeping velocities.
The equation relates the measured approach velocity (Va’) with actual approach and sweeping velocities and the angle of misalignment. 
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Presenter Notes
Presentation Notes
The probe shown is intended to be used in a vertical orientation so the head is pointing downward.  The probe can be used horizontally as long as the predominant water velocity is not in the Z direction (+ or -).  Probe stems are made with a 90 degree bend to allow measurement parallel to the probe axis.  Those are side-looking probes.
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Presenter Notes
Presentation Notes
ADV probe mounted to a 2x4 – cheap and easy and reasonably accurate in shallow water.  For this example, the upper end of the 2x4 was pushed against the railing to steady the probe and ensure the probe was aligned parallel to the screen face.  That created three points of contact: two carriage bolts on the probe, and the upper third point.


ADV Sled on Inclined Flat Plate Screen
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Presenter Notes
Presentation Notes
ADV probe mounted to a sled for use on an inclined flat plate screen.  Correct alignment was nearly fool proof.
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Presenter Notes
Presentation Notes
An example of measuring velocities at a conical screen.  Note velocities near the top of the screen could not be measured with this system.  If the probe were positioned vertically perhaps the range could be improved and approach velocity would need to be calculated from the angle of the screen with respect to that of the probe.  When creating a jig to position the probe, consider the screen material could reflect acoustic signals which could interefere with reception by the probe’s sensors, resulting in poor data quality.


Cylindrical

Less than ideal deployment

Nortek Vectrino probe

Highest velocity should
not be along the Z axis.
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Presenter Notes
Presentation Notes
Photo right: Here an ADV is strapped to a cylindrical screen but the orientation of the probe is parallel to the river current.  Furthermore, to measure velocities near the proximal end of the screen the probe would need to be turned 180 degrees.  The measurement would then be in the hydraulic shadow of the probe.  Don’t expect good quality data from this orientation, but this could give an idea of what velocities are like.
Photo left: a probe with a flexible stem could be used to orient the head correctly for measurements on cylindrical screens.
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Presenter Notes
Presentation Notes
Left photo: A simple jig is attached to the probe body to orient the probe.  The carriage bolts are adjusted so the center line of the probe is 3 inches off the screen face.  The probe is mounted on the jig so the probe finger with the red band is perpendicular to the screen face. That finger measures approach velocity.  The simple jig requires the positioning clamp to hold the probe parallel to the screen face.
Right photo: Example of jig to position the probe.  The yellow boxes are magnets attached to the steel blank panel above a screen panel.  The red-handled clamps can be loosened to lower the probe into position, and rotated so the two carriage bolts are in contact with the screen face. (in theory)  With this system there is a bit of faith that everything works out since the carriage bolts cannot be seen when deployed.


Self Adjusting ADV Jig

Positioning Arm
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Hinge
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Presenter Notes
Presentation Notes
The hinge allows the jig to self-level, allowing both carriage bolts to touch the screen material to align the probe.


Brush cleaning system mast

Positioning Probes

Adequate clearance needed.

0.9 \
0.8

\ & Moving DS
0.7

B Moving US

0.6

Approach velocity (fps)
( o
[4)]

0.4 ® > o = o
0.3 Note 3 probes
. 7 deployed
simultaneously
0.1 .
Ambient Vsweep = 2.8 fps may interfere
’ 0 2 4 6 e 10 12 14 16 18 A /< BT with data
Distance between brush and velocity meter (ft) e COHection
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Presenter Notes
Presentation Notes
Photo right: A consulting firm used this jig attached to the brush mast of the cleaning system to move three probes up and down the length of the screen.  The three probes could have interfered with hydraulic conditions for other probes. Measured approach velocity values were far higher than what they should have been as the large brush forced more water through the screen.
Photo left: I attached an ADV directly to a screen panel, then measured approach velocities with the brush mast at various positions downstream from the probe.  The brush forced water into the screen at distances up to 9 feet upstream and influenced approach velocities 30 feet downstream.  Therefore, the size of these brushes influenced 40 feet of screen length.  One must consider how effective tuning baffles is when most of the fish screen is influenced by the cleaning system.


Positioning Probes

Adequate clearance needed.
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Presenter Notes
Presentation Notes
Photo right: A consulting firm used this jig attached to the brush mast of the cleaning system to move three probes up and down the length of the screen.  Measured approach velocity values were far higher than what they should have been.
Photo left: I attached an ADV directly to a screen panel, then measured approach velocities with the brush mast at various positions downstream from the probe.  The brush forced water into the screen at distances up to 9 feet upstream and influenced approach velocities 30 feet downstream.  Therefore, the size of these brushes influenced 40 feet of screen length.  One must consider how effective tuning baffles is when most of the fish screen is influenced by the cleaning system.


Louver Style Baffles
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Presenter Notes
Presentation Notes
Louver style baffles.  It’s more efficient to close every other louver and adjust the remaining ones as needed, rather than trying to adjust all louvers.
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Presenter Notes
Presentation Notes
Adjustable porosity plates often are better for achieving uniform flow through all screen area.  This example allows the upper half of the screen to be adjusted independently from the lower half.  All photos are taken from within the pump forebay behind the screen panels.


Data Collection

« Sampling volume 3" from
screen face. aMEr

. 10 Hz

« 30 — 60 sec / location i M.
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Continuity Check

The calculated diversion rate should be nearly equal to the measured
diversion rate.
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Presenter Notes
Presentation Notes
This is a must for supporting validity of data: the diversion rate calculated from measured approach velocities and effective screen area should nearly equal the measured diversion rate.  The measured diversion rate may be from the SCADA system if the facility has that, or you may need to measure flow in a canal using traditional methods.


Data Anlsis
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Use WInADV: A windows-based viewing and post-processing utility for ADV files developed by Tony Wahl at USBR.

https://www.usbr.gov/tsc/techreferences/computer%?20software/software/winadv/index.html
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Presenter Notes
Presentation Notes
WinADV processes the data files created by the ADV into an Excel file.  The program may filter data to eliminate outliers.  While it’s not necessary to use the program, it sure makes life easier.


Diversion Rate for Testing

* Maximum diversion capacity?
* The most commonly occurring diversion rate?
* What's the worst case scenario?

* Must be able to maintain conditions throughout the
testing period.

* Where to put the water?
e Tidal considerations
 Time constraints
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Data Presentation

Approach Velocity, Vx Sweeping Velocity, Vy
0.50 2.00
0.40 1.80
1.60
0.30 1.40
0.20 1.20
0.10 1.00
0.80
0.00
9 10 11 12 \13 14 060
-0.10 0.40
0.0 0.20
0.00
-0.30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
e TOp ~em===|\liddle === Bottom e TOp === |\liddle === Bottom
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@ Approach Velocity (i per sec)
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Presenter Notes
Presentation Notes
Color coded approach velocity data in a spreadsheet.  (Color coding in the example may not follow the guidelines listed.)  This was on a facility where the pumps were located 30 ft. behind the screen and preferentially drew water through the lower half of the screen panels.  See next slide.

Image on right is a cross section of the screen facility, screen located at zero along the X axis.
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Cross section of pumping plant with fish screen.
Plot shows approach velocities before and after baffling.




Approach Velocity (fps), Example
-\\I 44— Pump position at bearing "0" for all screens. Ra d a r P I Ot

I Radar charts are typical X-Y charts warped -/

into a circle. In the lower left comer is a chart

displaying the same data in another format. a fo r CO n i Ca I O r
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Presenter Notes
Presentation Notes
A Radar plot may be helpful for displaying data for a cylindrical screen or a cone screen.  Note the lower left chart displays the same data.  The lower right image slows points where velocity measurements were taken, and areas of each measurement zone for calculating diversion rate (Va * A) = Q for each zone.


Data Presentation
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Presenter Notes
Presentation Notes
Image of approach velocities through cone screens using an older baffle design that allowed high sweeping velocity to pass completely through the screens.  The baffle design was changed to prevent this from happening on riverine environments.


Questions
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