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Release Notice

This is the July 2007 release of the FlowTracker Handheld ADV Technical Manual. During the
creation of this manual, the following were the latest available versions of firmware/software. As
such, if you are using different firmware/software versions, not all aspects of this manual may

apply.
e FlowTracker firmware version 3.3
e FlowTracker software version 2.20

Trademarks

The terms SonTek, ADP, ADV, Argonaut, FlowTracker, RiverSurveyor, and SmartQC are
registered trademarks of SonTek/YSI, Inc. All rights are reserved. All other brand names are
trademarks of their respective holders.

Warranty, Terms, and Conditions

The system you have purchased is covered under a one year limited warranty that extends to all
parts and labor for any malfunction due to workmanship or errors in the manufacturing process.
The warranty does not cover shortcomings that are due to the design, nor does it cover any form
of incidental damage as a result of errors in the measurements.

If your system is not functioning properly, first try to identify the source of the problem. If
additional support is required, we encourage you to contact us immediately, and we will work to
resolve the problem as quickly as possible.

If the system needs to be returned to the factory, please contact SonTek/YSI to obtain a Return
Merchandise Authorization (RMA) number. We reserve the right to refuse receipt of shipments
without RMAs. We require the system to be shipped back in the original shipping container
using the original packing material with all delivery costs covered by the customer (including all
taxes and duties). If the system is returned without appropriate packing, the customer will be
required to cover the cost of a new packaging crate and material.

Contact Information

Any questions, concerns, or suggestions can be directed to SonTek by telephone, fax, or email.
Business hours are 8:00 a.m. to 5:00 p.m., Pacific Standard Time, Monday through Friday.

Phone : (858) 546-8327
Fax :(858) 546-8150
Email : inquiry@sontek.com (General information)
sales@sontek.com (Sales information)
support@sontek.com (Support information)
Web : http://www.sontek.com
See our web site for information concerning new products and software/firmware upgrades.
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INTRODUCTION

The FlowTracker® Handheld ADV® (Acoustic Doppler Velocimeter) featuring SmartQC™ pro-
vides the proven velocity performance of the SonTek ADV from a simple handheld interface.
The FlowTracker is designed for a variety of current monitoring applications.

e River discharge measurements (using established USGS/ISO methods)
¢ Open-channel flow measurements

e Current measurements in large pipes

¢ Rapid, multi-point current surveys

e Current monitoring in water treatment facilities

Basic operation of the FlowTracker is described below.

e The FlowTracker is operated from a simple keypad interface, with instructions and real-time
data displayed on an LCD screen. No PC is required for data collection.

e The system collects data for a fixed length of time at each location.

¢ For each location, you enter a few parameters to document the data set (e.g., location, water
depth, measurement depth).

e For river discharge applications, these parameters are used with velocity data to compute dis-
charge in real-time.

¢ All data are stored on an internal recorder. Later, you can download the data to a PC for addi-
tional processing, display, and archiving.

This operation manual is divided into the following sections.

e Section 1 — Components, Terminology, Sampling, and Quality Control: Definitions of
terms used in this manual, and a description of all quality control parameters

e Section 2 — Using the Keypad Interface: Menus, setup parameters, and system functions ac-
cessed using the keypad interface

e Section 3 — Getting Started: Operational Overview: Basic instructions for collecting data
with the FlowTracker

e Section 4 — General Purpose Measurements: How to use the FlowTracker to measure ve-
locity at several locations

e Section 5 — River Discharge Measurements: How to make a river discharge measurement
with the FlowTracker using USGS/ISO methods

e Section 6 — PC Software: Software used to download data files, extract data to readily usable
ASCII format, and perform system diagnostics

e Section 7 — Hardware: Detailed descriptions of cables, connectors, and FlowTracker hard-
ware and electronics

¢ Section 8 — Operational Considerations: Sensor mounting, velocity coordinate system,
maintenance, and troubleshooting

e Appendix A — FlowTracker Principles of Operation

e Appendix B — FlowTracker Direct Command Interface

e Appendix C — Discharge Uncertainty Calculation

¢ Appendix D — Multiple Language Keypads
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Section 1. Components, Terminology, Sampling, and Quality Control

1.1.

System Components

Figure 1 shows the FlowTracker with all major components labeled.

Probe — The probe (Figure 2) contains the acoustic elements used to measure velocity. See
the FlowTracker Principles of Operation for more information.
Probe cable — The probe is mounted from a 200-cm (80-in) flexible cable. The probe cable
is custom built and highly noise-sensitive; it must never be modified.

0 A 300-cm (120-in) cable length is also available for specialized applications.
Handheld controller — The handheld controller contains the processing electronics, batter-
ies, keypad, and LCD screen. The controller is designed to withstand temporary submersion,
but is not intended for underwater operation.
Keypad — The FlowTracker keypad is designed for quick, efficient entry of data collection
parameters and commands.
LCD screen — The LCD screen displays instructions and real-time data.
External power/communication connector — A waterproof connector on the bottom of the
handheld controller connects to an external power/communication cable. This is used to
download data from the FlowTracker to a PC. During data collection, the connector is
sealed with a dummy cap.

Figure 1 — FlowTracker with 2D Probe
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The following terms are commonly used with the FlowTracker probe (Figure 2).

e Transmitter — The acoustic transmitter generates a short pulse of sound with the majority
of energy concentrated in a narrow beam (6 mm in diameter).

e Receivers — The acoustic receivers are mounted on arms from the central probe head. The
receivers are sensitive to a narrow beam and are focused on a common volume located a
fixed distance (10 cm; 4 in) from the probe. The FlowTracker uses two or three acoustic re-
ceivers for 2D or 3D probes (see §8.2).

e Sampling volume — The sampling volume is the physical location of the water velocity
measurement. See the FlowTracker Principles of Operation for details.

e Temperature sensor — The temperature sensor is mounted inside the probe. Temperature
data is used to compensate for changes in sound speed. Sound speed is used to convert the
Doppler shift to water velocity. See §8.3 for details on the temperature sensor; see the
FlowTracker Principles of Operation for details about the effect of sound speed on velocity
data.

Figure 2 — 2D Side Looking FlowTracker Probe and Sampling Volume

2 FlowTracker Technical Manual (July 2007)
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1.2.

Definitions and Terminology

This section defines terms commonly used when working with the FlowTracker.

SmartQC

Keypad interface — The FlowTracker is controlled from the keypad on the handheld con-
troller. The LCD screen is used to display command options and real-time data.

External control — The FlowTracker can be controlled by an external computer using the
RS232 serial interface. This is accessed from the external power/communication connector.
External control is used to download data from the internal recorder to a PC for further
analysis, display, and archiving.

Quality control data — In addition to velocity, the FlowTracker records several quality con-
trol parameters. These include signal-to-noise ratio (SNR), standard error of velocity,
boundary adjustment, the number of spikes filtered from data, and velocity angle. For de-
tails about quality control data, see §1.4.

Signal strength — This refers to the strength of the reflected acoustic signal. It is a function
of the acoustic conditions of the water — primarily the amount and type of suspended mate-
rial (scatterers) present. This is most commonly accessed as a signal-to-noise ratio (SNR).
Signal-to-noise ratio (SNR) — SNR is the ratio of the received acoustic signal strength to
the ambient noise level. It is expressed in logarithmic units (dB), and is the most important
quality control data for the FlowTracker (81.4).

Temperature — Water temperature (in °C) is measured by the internal temperature sensor.
Temperature is used for sound speed calculations.

Salinity — Water salinity (in ppt) is a user-supplied value that is used for sound speed calcu-
lations. Note: If using the system in salt water, a zinc anode should be installed on the probe
for corrosion protection (see 88.5.6).

Sound speed — Speed of sound in water (in m/s) is used to convert the Doppler shift to ve-
locity. See the FlowTracker Principles of Operation regarding the effect of sound speed on
velocity data.

SmartQC’

The FlowTracker has several QA/QC features designed to increase
data integrity. Some of these features have bounds that can be set
by the user, while others automatically adapt to the given situation.
SmartQC™ refers to the collective ability of all these features to-
wards helping you make a better measurement. Specific QA/QC
features are identified in this manual with the SmartQC symbol.

FlowTracker Technical Manual (July 2007)
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1.3.

Sampling Strategy

There are several terms specific to the FlowTracker sampling strategy.

Ping — A single estimate of the 2D or 3D water velocity.

Ping rate — The number of pings per second (Hz). The FlowTracker ping rate is 10 Hz.
Sample — A sample refers to the mean of 10 pings to produce a measurement of the 2D or
3D water velocity. A sample includes velocity and signal strength data. The FlowTracker
records one sample per second.

Averaging time — The time (in seconds) in which the FlowTracker records data at each
measurement location. This is a user-specified value from 10 to 1000 seconds.
Measurement location — At each measurement location, the FlowTracker records one-
second velocity data for the specified averaging time, location, and water depth parameters
(to document the data set), and a variety of statistical and quality control data.

basic FlowTracker data collection process, using the keypad interface, is described below.

At the start of data collection, you are prompted for a file name.
For Discharge measurements, you enter edge location data prior to data collection.
At each measurement location, you specify location, water depth, and measurement depth
data to document the data set. For Discharge measurements, these are used to calculate dis-
charge in real-time.
A fixed-length burst of velocity data is recorded at each measurement location. Velocity
data is recorded once per second during the burst; mean velocity and quality control data are
recorded at the end of each burst.
Summary velocity and quality control data are displayed at the end of each measurement.

o Quality control data is automatically reviewed. Values outside expected boundary limits

generate a warning to the user.

0 You are allowed to repeat individual measurements if desired.
The user proceeds through a series of measurement locations (up to 100 stations can be re-
corded with each file).
You can scroll through previous stations to view data and edit station information.
When done, you press End Section to close the file. For Discharge measurements, you enter
ending-edge information and are then shown the final discharge data.

FlowTracker Technical Manual (July 2007)
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1.4.

Quality Control Data SmartQC

The FlowTracker records quality control (QC) data with each measurement (Table 1-1). QC pa-
rameters are automatically reviewed with each measurement and at the completion of a discharge
cross section (when the End Section key is pressed). If any value exceeds expected criteria, a
warning is given. Table 1-2 lists different QC warning messages and gives guidelines for inter-
preting these messages. All QC review criteria can be adjusted or disabled.

1.4.1. Adjusting Quality Control Criteria smartQcC

All quality control criteria can be modified or disabled. To access quality control settings:

From the Main Menu, press 1 for Setup Parameters.
From Setup Parameters, select 4 for QC Settings.

0 Select 1 to specify SNR Threshold (81.4.2).

0 Select 2 to specify oV Threshold (§1.4.3).

0 Select 3 to specify Spike Threshold (§1.4.5).

0 Select 4 to specify Max Velocity Angle (§1.4.6).

From Setup Parameters, select 5 for Discharge Settings.

0 Select 4 to specify Max Section Discharge (81.4.7).
o Select 5 to specify Max Depth Change (81.4.8).
0 Select 6 to specify Max Location Change (8§81.4.9).

To disable any QC criteria, set that parameter to a value of 0.

Table 1-1. Quality Control (QC) Parameters

Parameter Description Expected Values
SNR is the most important QC parameter.
SNR ¢ It measures the strength of the acoustic reflection from particles in | Ideally > 10 dB
(81.4.2) the water. Minimum = 4 dB
o Without sufficient SNR, the FlowTracker cannot measure velocity.
oV (standard error of velocity) is a direct measure of the accuracy of | Typically <
oV velocity data. 0.01m/s (0.03 ft/s).
(81.4.3) o It includes the effects of turbulence in the river and instrument un- | Higher in turbulent
certainty. environment.
Boundar Boundary QC evaluates the measurement environment for interfer-
Qc Y | ence from underwater obstacles. BEST or GOOD
(81.4.4) e FAIR or POOR results may indicate significant interference from
o an underwater obstacle.
Spikes in FI_owTracker velocity data are removed using a spike filter. Typically < 5% of
. e Some spikes are common and no cause for concern.
Spikes . - ) . total samples.
e Too many spikes indicate a problem in the measurement envi- 0
(81.4.5) ¢ terf ¢ d ter obstacl highl Should be < 10%
ronment (e.g., interference from underwater obstacles or highly of total samples.
aerated water).
Angle is the direction of the measured velocity relative to the Flow-
Anal Tracker X-axis.
(§{]% Z) ¢ Used for discharge measurements only. Ideally < 20°
o ¢ A good site should have small velocity angles.
e Large angles may be unavoidable at some sites.
%0 %Q is the percentage of the total discharge in a single measurement | Typical criteria:
(§1°4 2 station. Ideally < 5%
o e Most agencies have criteria for the maximum %Q. Maximum < 10%
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Table 1-2. QC Warning Messages

Warning QC Criteria Description Suggested Action

L(%"i’ f';')R None  |SNR<4dB « Improve SNR (§8.6)

Beam SNR SNR Difference in SNR for any 2 * nglt(r:?é;szdrgm:r:?r obstacles; re-
(81.4.2) Threshold |beams is > SNR Threshold. b '

Check probe operation (86.5).

SNR Variation

One-second SNR data varies
more than expected during a

Look for underwater obstacles; re-
peat measurement.

None measurement. May indicate un- .
(81.4.2) derwater interference or a highly | * Look for elgv:jronr?ental sources
aerated environment. (e.g., aerated water).
SNR more than SNR Threshold e Look for underwater obstacles or
SNR Change SNR different previous measurements; other chanaes in river condition
(81.4.2) Threshold |major change in measurement 9 '
conditions. e Repeat measurement
oV > oV Threshold; adjusted e Look for underwater obstacles or a
High oV based on previous data and change in conditions.
(§?L 4.3) oV Threshold |measured velocity. May indicate | e Consider real turbulence levels in

interference or a highly turbulent
environment.

river.
Repeat measurement.

Bad Boundary

Boundary QC is FAIR or POOR.

Consider re-locating probe and re-
peating test.

QC None Indicates possible interference M i dif
(81.4.4) from underwater obstacles. * Vieasurement can proceed it re-
sults are consistent.
. . e Look for underwater obstacles or
High Spikes |Spike Thresh- Spikes > Spike Threshqld per- unusual conditions (e.g., aerated
cent of samples. May indicate
(81.4.5) old " water).
poor measurement conditions.
¢ Repeat measurement.
High Angle | Max Velocity Angle > I\./Iax' Velocny'AngIe. o _an3|der if measured angle is real-
(81.4.6) Anale May only indicate non-ideal istic.
o 9 measurement environment. ¢ Repeat measurement if needed.
. . %Q > Max Section Discharge.
0
High %Q Ma_x section Station contains a large portion of | e Consider adding more stations.
(81.4.7) Discharge .
the total discharge.
Suspect h Stat_lon depth dlfferr]s from adjacerr:t ¢ Verify station depth value.
Depth Value Max Dept stations by mor_et an _Ma_x Dept « Re-enter if needed
(81.4.8) Change Change %. This may indicate a .

data entry problem.

Suspect Loca-

Max Location

Spacing between stations has
changed by more than Max Loca-

Verify station location value.

t"();l_\fg;e Change |[tion Change %. This may indicate| e Re-enter if needed.
a data entry problem.
Location Out
of Order / Station location out of sequence | | Verify station location value
Location Out- None or outside river edge. This may in- _ '
side Edge dicate a data entry problem. * Re-enter if needed.
(81.4.9)
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1.4.2. Signal-to-Noise Ratio (SNR) SmartQC

Signal-to-noise ratio (SNR) is a measure of the strength of the reflected acoustic signal relative to
the ambient noise level of the FlowTracker. SNR is the most important quality control data pro-
vided by the FlowTracker.

e SNR is reported in logarithmic units (dB). It is recorded with each one-second velocity sam-
ple. Mean values are recorded for each measurement location.

e For the best operating conditions, SNR should be greater than 10 dB.

e The FlowTracker can operate reliably with SNR as low as 4 dB, although the noise in indi-
vidual measurements will increase.

e The FlowTracker displays an alert at the end of a measurement if SNR of any beam is <4.0
dB. SNR data are displayed during the measurement and with the measurement summary.

0 For 2D systems, if the SNR of either beam is low, this will affect all velocity data even
if the other beam shows higher SNR values.

o For 2D/3D systems, if only the SNR of Beam 3 is low, vertical velocity data (\Vz) are af-
fected; the horizontal velocity data (Vx and Vy) may still be valid. This can occur if
Beam 3 is out of the water in very shallow water.

e Low SNR indicates a lack of suspended material in the water. For clear water, seeding mate-
rial can be introduced to increase SNR. Seeding is typically only required in large labora-
tory tanks. Most field applications have sufficient natural scattering material.

e The SNR data shown during data collection is the mean of the primary receivers (depending
on the operating mode of the FlowTracker — either General or Discharge). Individual re-
ceiver data can be accessed after downloading the data file to a PC (see §6.3).

0 General Mode: SNR is the mean of all receivers (2 or 3 depending on probe type).

o Discharge Mode: SNR is the mean of Receivers 1 and 2. Receiver 3, if installed, is not
used in the mean calculation because we assume the probe is side-looking (either a 2D
or 2D/3D probe), and only Vx and VYy are of interest. Receiver 3, which is only used for
Vz, is irrelevant. Additionally, Receiver 3 can potentially be out of the water while Re-
ceivers 1 and 2 are submerged (and still collecting good data).

SNR data are evaluated as follows.

e SNR from all beams must be greater than 4 dB for reliable data collection.
o If any beam is below this threshold, an alert is given.
0 These criteria cannot be disabled.
e The SNR Threshold (default 10 dB) is used for several additional tests.
o When the difference between any two beams is greater than SNR Threshold:
= This may indicate interference from an underwater obstacle or a potential problem
with the probe.
= At the first alert, repeat the measurement (perhaps after moving probe location).
= |If the problem persists, run BeamCheck from a PC to evaluate FlowTracker operation
in more detail (86.5).
0 When the variation of SNR during a measurement (as measured by the standard devia-
tion SNR data) is greater than a fixed threshold of 5 dB:
= This may indicate interference from an underwater obstacle, a highly turbulent envi-
ronment, or highly aerated water.
= At the first alert, repeat the measurement (perhaps after moving probe location).
= |f the problem persists, evaluate the measurement environment. In some cases, large
variations may be unavoidable and may not impact the quality of velocity data.
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0 When SNR for a new measurement differs from the mean of all previous measurements
in this file by more than SNR Threshold:
= This may indicate interference from an underwater obstacle or some other dramatic
change in stream conditions.
= At the first alert, repeat the measurement (perhaps after moving probe location).
= If the problem persists, evaluate the measurement environment to look for any poten-
tial cause for the change in SNR.
o This criterion can be adjusted or disabled (by setting SNR Threshold to 0; §2.4.4).
e SNR Threshold is checked with each measurement and when the End Section key is pressed
in Discharge mode.
0 You are notified of any stations that exceed the above criteria.
o If desired, you can go back and delete suspect stations and repeat the measurements.

SNR is primarily a function of the amount and type of particulate matter in the water.

e While SNR cannot be immediately converted to sediment concentration, it provides an ex-
cellent qualitative picture of sediment fluctuations and, with proper calibration, SNR can be
used to estimate sediment concentration. Contact SonTek for details.

1.4.3. Standard Error of Velocity (oVv) SmartQC
Standard error of velocity (oV) is a direct measure of the accuracy of the mean velocity data.

e oV can be directly interpreted as the accuracy of the mean velocity.

e oV is calculated by dividing the standard deviation of one-second samples by the square root
of the number of samples.

e oV is normally dominated by real variations in the flow and will vary depending on the
measurement environment (see FlowTracker Principles of Operation).

e oV shown during data collection is the standard error of VX (oVx).

oVx is evaluated as follows.

e The standard error threshold for each measurement is the greater of the following:
0 oV Threshold (default 0.01 m/s / 0.033 ft/s).
o If the mean oVx for all previous measurements is greater than oV Threshold, we use
(Mean oVx + oV Threshold).
o A fixed percentage (5%) of the X-velocity (high velocity has higher oVx).
e When oVx is greater than the standard error threshold for that measurement:
o This may indicate interference from an underwater obstacle, a highly turbulent environ-
ment, or highly aerated water.
o At the first alert, repeat the measurement (perhaps after moving probe location).
o If the problem persists, evaluate the measurement environment. In some cases, large
variations may be unavoidable (e.g., in highly turbulent waters).
e This criterion can be adjusted or disabled (by setting oV Threshold to 0; §2.4.4).
e oV Threshold is checked with each measurement and when the End Section key is pressed in
Discharge mode.
0 You are notified of any stations that exceed the above criteria.
o If desired, you can go back and delete suspect stations and repeat the measurements.
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1.4.4. Boundary Adjustment (Boundary QC) SmartQC

The FlowTracker has a potential for acoustic interference from underwater objects. The system
tries to avoid this interference, but you must be aware of system limitations.

¢ Reflections can occur from the bottom, the water surface, or submerged objects (e.g., rocks).
e The FlowTracker measures velocity in a sampling volume 10 cm (4 in) from the probe tip.

o |f the sampling volume is on top of or beyond an underwater object, velocity data will be
meaningless.

When working in very shallow water or near underwater obstacles (with the sampling volume
within 15 cm (6 in) of the obstacle), acoustic reflections can potentially affect velocity data.

e At each measurement location, the FlowTracker looks for these conditions, and if necessary,
adapts its operation to avoid interference.

e For most locations, any required changes do not affect system performance.

¢ In some environments, changes may result in a lower maximum velocity.

The FlowTracker records any changes required to avoid acoustic interference. It reports this as
Boundary QC. This value describes the effect (if any) of boundary adjustments on performance.
The Boundary QC variable (Bnd) can have the following values (0 and 1 are the most common).

e 0(BEST): No boundary adjustments were necessary, or if necessary, they have minimal im-
pact on system performance. Maximum velocity is at least 3.5 m/s (11 ft/s).

e 1(GOOD): Minor boundary adjustments were necessary, with moderate impact on system
performance. Maximum velocity is at least 2.5 m/s (8 ft/s).

e 2 (FAIR): Larger boundary adjustments were necessary, with notable impact on system per-
formance. Maximum velocity is at least 1.2 m/s (4 ft/s).

e 3 (POOR): Major boundary adjustments were necessary, with significant impact on system
performance. Maximum velocity is less than 1.2 m/s (4 ft/s). The FlowTracker will still pro-
vide good performance for lower flows.

The Boundary QC test looks for interference with underwater objects that are in or close to the
FlowTracker sampling volume.

¢ If the Boundary QC results are FAIR or POOR, this indicates possible interference, and the
FlowTracker will issue an alert before the measurement is made.
0 You are prompted to consider moving the probe to avoid this interference.
o If the probe is moved, repeat the boundary test prior to data collection.
o If repeated Boundary QC tests do not give improved results, you can proceed with the
measurement, but should carefully evaluate velocity data.

1.4.5. Spike Filtering SsmartQc

Spikes in velocity data occur with any acoustic Doppler velocity sensor such as the FlowTracker.
Spikes may have a variety of causes — large particles, air bubbles, or acoustic anomalies.

e Velocity data from each FlowTracker measurement are evaluated to look for spikes.
e The FlowTracker spike filter is a variation on a method called “Tukey’s Outlier”.
o A histogram of each velocity component is calculated.
0 The FlowTracker determines the lower quartile (Q1; 25% of samples are less than this
value), the upper quartile (Q3; 75% of samples are less than this value), and the inter
quartile range (IQR = Q3-Q1).

FlowTracker Technical Manual (July 2007) 9



SonTek/YSI

o Ifthe IQR is less than 0.015 m/s, IQR is set to 0.015 m/s.
0 Any value less than (Q1-2*IQR) or greater than (Q3+2*IQR) is considered a spike and is
not used for mean velocity calculations.
o Spikes are filtered based on all velocity components (Vx, Vy, and Vz). If any component
falls outside the above limits, that sample is not used for the mean velocity calculation.
e The FlowTracker spike filter was updated with firmware version 3.0.
o0 The new filter commonly results in a greater number of spikes being identified.
0 The greater number of spikes does not indicate a problem with FlowTracker operation,
but just the effect of the new spike filter.
e The number of spikes is displayed and recorded at the end of each measurement.
e Raw, one-second velocity data are recorded with each measurement station. This allows you
to evaluate unedited velocity data for each station.
o No other filtering or editing is done to FlowTracker velocity data.

The number of velocity spikes present in data is evaluated as follows.

e The Spike Threshold (default 10%) is used as follows.
o If the number of spikes is a greater percentage of the total number of points than speci-
fied by the Spike Threshold, a warning is given.
= This may indicate interference from an underwater obstacle, a highly turbulent envi-
ronment, or highly aerated water.
= At the first alert, repeat the measurement (perhaps after moving probe location).
= |f the problem persists, evaluate the measurement environment — a large number of
spikes may be unavoidable, but may not overly impact the quality of velocity data.
o This criterion can be adjusted or disabled (by setting Spike Threshold to 0; §2.4.4).
e Spike Threshold is checked with each measurement and when the End Section key is
pressed in Discharge mode.
0 You are notified of any stations that exceed the above criteria.
o If desired, you can go back and delete suspect stations and repeat the measurements.

1.4.6. Velocity Angle smartQc
In Discharge mode, an additional quality control parameter is provided — velocity angle.

e Velocity angle is defined as the direction of flow relative to the X direction, and is calcu-
lated as atan(Vy/Vx).

e For an ideal discharge measurement site, flow should be perpendicular to the tag line used
to define the cross section.

e The FlowTracker’s X-axis is always held perpendicular to the tag line.

e Only the X component of velocity (Vx) is used for discharge calculations. This ensures
proper discharge measurements regardless of the flow direction.

e The ability of the FlowTracker to measure the 2D flow eliminates the need to estimate the
flow direction with each measurement, as is required for most 1D current meters. This re-
duces a potential source for error in velocity measurements.

e An angle of 0° means flow direction is perpendicular to the tag line (as desired for an ideal
measurement location).

¢ A good measurement site will typically show some flow variations, but with all angles less
than about 20-30°.
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The measured velocity angle is evaluated to ensure reliable data collection.

e The Max Angle criterion (default 20°) is used as follows.
o Velocity angle is checked only if velocity is greater than a fixed threshold (0.02 m/s;
0.07 ft/s).
0 When measured angle is greater than Max Angle, a warning is given.
= Evaluate the measurement site to verify the measured angle is reasonable.
= Consider repeating the measurement if the angle does not appear reasonable (perhaps
after moving probe location).
= For large velocity angles, consider moving the measurement site.
o This criterion can be adjusted or disabled (by setting Max Angle to 0; 82.4.4).
e Max Angle is active only in Discharge data collection mode.
e Max Angle is checked with each measurement and when the End Section key is pressed.
o You are notified of any stations that exceed the above criterion.
o If desired, you can go back and delete suspect stations and repeat the measurements.

1.4.7. Maximum Section Discharge smartQcC

Most agencies monitoring discharge expect that no individual station should contain more than a
certain percentage of the total discharge. The Max Sect. Q criterion (default 10%) alerts you if
this standard is exceeded.

e Max Sect. Q is active only in Discharge data collection mode.
¢ If you have entered rated flow, the discharge from each station is checked against this rated
value when the station is completed.
o If the station discharge exceeds Max Sect. Q percent of the rated flow, a warning is is-
sued; you are prompted to consider adding another station.

e Max Sect. Q is also checked when the End Section key is pressed.
0 You are warned if any station exceeds Max Sect. Q percent of total measured discharge.
o If desired, you can go back and add more stations.

e This criterion can be adjusted or disabled (by setting Max Sect. Q to 0; 8§2.4.5).

1.4.8. Maximum Depth Change SmartQC
The Max Depth Change criterion (default 50%) is intended to avoid data entry errors.

Max Depth Change is active only in Discharge data collection mode.
It is assumed that depth changes between stations will be gradual.
If the entered depth is different from a reference by more than Max Depth Change (and at
least 0.20 m; 0.66 ft) an alert is issued to be sure the depth was not incorrectly entered.
o If only the previous station is available, the newly entered depth is compared to the
depth from the previous station.
o If depth data are available on both sides of this station, the newly entered depth is com-
pared to an interpolated depth between the two adjacent stations.
o0 You are prompted to verify the depth value or re-enter the depth.
o This criterion can be adjusted or disabled (by setting Max Depth Change to 0; §2.4.5).
Max Depth Change is also checked when the End Section key is pressed.
0 You are notified of any stations that exceed the Max Depth Change criterion, and are
given the option to review all stations and modify any incorrectly entered data.
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1.4.9. Maximum Location Change smartQc

The Max Location Change criterion (default 100%) is intended to avoid data entry errors.

Max Location Change is active only in Discharge data collection mode.

It is assumed that the spacing of adjacent stations will be nearly constant across the river.
If spacing between stations has changed by more than Max Location Change, an alert is is-
sued to be sure the location was not incorrectly entered.

0 A 100% Max Location Change means the new station spacing is more than two times the
previous station spacing.

o This criterion can be adjusted or disabled (by setting Max Location Change to 0; §2.4.5).
Any time a station location is changed, the location is compared to adjacent value(s) to see
if the station is out of order.

o If the station is out of order, an alert is issued to ensure the location has been correctly

entered.

o Collecting an out-of-order station is allowed. However, when an out-of-order station is
entered we verify the location value since the station is sorted into the correct place
within the stream.

Any time a station location is changed, the location is compared to the starting edge loca-
tion. If the new location is outside the starting edge, a warning is given.

12
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Section 2. Using the Keypad Interface, Menus, and Display

This section describes FlowTracker’s keypad interface, its menus, and the LCD display.

2.1. On/Off Switch

The on/Off power button is in the upper left hand corner of the keypad.

e To turn the system on, hold the button for one second until the LCD screen turns on.
e To turn the system off, hold the button for four seconds until the LCD screen resets.
e The FlowTracker draws a small amount of current when off (< 1 mA).

o If the system is to be left idle for a long period (more than 1 month), remove the batter-
ies to prevent unnecessary draining and potential battery leakage.

IMPORTANT
Always return to the Main Menu before turning the system off to ensure all data has been
properly saved (see last step in §4.2.2 and §5.3.2).
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Figure 3 — FlowTracker Keypad

Figure 3 shows the FlowTracker keypad.

e The function of each key is described below. Many keys have multiple functions.
o Kaeys are described starting at the top left, moving right and down by rows.
o Keypad overlays are available in languages supported by the FlowTracker (Appendix D).

Note: In June 2006, there were significant changes to the keypad with firmware version 3.0. A
customized overlay for the keypad is available for older systems.

Numbers (0-9) | .| —
e These keys are used to enter information when prompted by the FlowTracker for:
0 Menu selections
o Filename and extension
o Station location, depth, and other information

Letters (A-2)
o These keys are used to enter text for the filename and for comments in the file.
e Text entry is done in the same manner as for mobile phones. For file names, the text entry
assumes numbers first (i.e., for “C” press 2 button four times 2 — A — B — C); for all other
text, it assumes letters first (i.e. for “C” press 2 button three times A — B — C)
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On/Off

e To turn the system on, press and hold the key for one second until the LCD screen turns on.
e To turn the system off, press and hold the key for four seconds until the LCD screen resets.

IMPORTANT
Always return to the Main Menu before turning the system off to ensure all data has been
properly saved (see last step in §4.2.2 and §85.3.2).

Back Light
e This key turns the LCD backlight on/off.

o If the backlight is already on, it turns the backlight off.
0 The backlight will turn off automatically after 1 minute.
e Minimize backlight use to increase battery life (the backlight doubles power consumption).

Delete «
o This key deletes the last character when entering parameters, and is used for deleting sta-

tions from a file.

Measure
e This key starts a measurement.
o It works identically in both Discharge and General data collection modes.
o Itis only active if the FlowTracker is displaying the current station information screen.
It is not active when displaying data from a previous measurement.

Corr. Factor
e This key is used to enter special correction factors.
o0 The correction factor is used only in the Discharge mode.
o0 The correction factor is only used for certain situations, described in 85.2.4.

Next Station
e This key is used to view the next station when scrolling through completed stations.

o It works identically in both Discharge and General data collection modes.

o It is not active during a measurement, nor from the time Measure is used to start a sta-
tion until the time the last measurement for that station is completed.

o In Discharge mode, stations are sorted/displayed by location (regardless of the order in
which they were collected).

0 In General mode, stations are displayed in the order they were collected.

Set Velocity
e This key is used to enter a user-estimated velocity.
o lItis active only in Discharge mode for stations using the Input vV method (85.2.4).

Set Location
e This key is used to set the measurement location.
o It sets the location value (Loc) in Discharge mode.
o It sets both the location 1 and location 2 values (L1 /L2) in General mode.
0 It can be used either for the current station (before the measurement) or to edit data from

a previous station.
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LEW / REW
e This key is used to specify the starting or ending edge of water.
o Itis used only in the Discharge mode.
0 LEW means “Left Edge of Water”; REW means “Right Edge of Water”.
o This is only used to document the data set and has no impact on calculations.

Prev. Station
e This key is used to view the previous station when scrolling through completed stations.

o It works identically in both Discharge and General data collection modes.

o It is not active during a measurement, nor from the time Measure is used to start a sta-
tion until the time the last measurement for that station is complete.

0 In Discharge mode, stations are sorted/displayed by location (regardless of the order in
which they were collected).

o In Discharge data collection mode, it will scroll past station 1 to the starting edge and
starting gauge information.

0 In General mode, stations are displayed in the order they were collected.

Set Meas Depth
e This key is used to set the measurement depth.
o lItis active in General mode and in Discharge mode only when using the Multi Point
method (8§5.2.4).
0 It sets the measurement depth value (MDep).
0 It can be used either for the current station (before the measurement) or to edit data from

a previous measurement.

Set Depth
e This key is used to set the water depth (Dep).
o It works identically in both Discharge and General data collection modes.
0 It can be used either for the current station (before the measurement) or to edit data from

a previous station.

Set Ice Depth
e This key is used to set the ice depth.
o Itis active only in Discharge mode.
o It sets the ice depth value (Idep) as measured from the water surface to the bottom of the
ice.
o It can be used either for the current station (before the measurement) or to edit data from
a previous station.

QC Menu SmartQC
e This key is used access the QC Menu during data collection (82.6).

o It works identically in both Discharge and General data collection modes.

0 The QC Menu includes the following functions.
= |nput supplemental data (gauge height, rated flow, and comments).
= Accessing QC Settings and Discharge Settings (82.4.4 and §2.4.5).
= Changing the averaging time for each measurement.
= Display raw velocity data (§2.5.6).
= Run the automatic QC test (82.5.7).
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Method —
e This key sets the method used for calculating the mean velocity in discharge measurements.
o lItis active only in Discharge mode.
0 See a description of all methods in §5.2.
0 This key changes the method to the previous method in the list.

Method +
e This key sets the method used for calculating the mean velocity in discharge measurements.
o lItis active only in Discharge mode.
0 See a description of all methods in §5.2.
o This key changes the method to the next method in the list.

Abort
e This key is used to stop data collection during a measurement.

o It works identically in both Discharge and General data collection modes.

o Itis active only when the system is collecting velocity data.

o After pressing Abort, it can take 1-2 seconds to stop data collection.

o The FlowTracker will display a message saying that data collection was aborted and
how much data were collected.

0 You can accept the aborted measurement (using the mean values of the data that were
collected) or repeat the measurement.

Calculate Disch.
e This key tells the FlowTracker to perform the final discharge calculation.
o lItis active only in Discharge mode.
o lItis active only when all stations have been completed, and the End Section key has
been pressed to enter the ending edge information.
o ltis active only when the ending edge screen is displayed.
0 The system will display a series of discharge screens showing final discharge data.

End Section
e This key is used to end a series of measurements.
¢ In General mode, it ends the series of measurements and displays the summary of all data
collected.

o lItis active only when the current station (not yet measured) is displayed.
o It takes a few seconds for the file to be closed before displaying the summary.

¢ In Discharge mode, this indicates that all stations have been collected.
o It ends the section and displays the ending edge screen. After this data has been entered,

the final discharge calculation can be done.

o It is active only when the current station (not yet measured) is displayed.

ENTER
o This key serves several functions and works identically in both Discharge and General data
collection modes.
o Itis used to complete the entry of any user parameter.
o Itis used to toggle between multiple display screens when available.
o Itis used to acknowledge a FlowTracker system message.
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2.3. Main Menu

When turned on, the FlowTracker displays a wake up screen showing the firmware version and
the date/time from the system clock (continually updating).

FlowTracker 3.0
2006706701 08:10:25
Press Enter
For Main Menu

Pressing Enter displays the Main Menu.

Main Menu
1:Setup Parameters
2:System Functions
3:Start Data Run

From the Main Menu, press the appropriate key to access the desired function.

e Press 1 for the Setup Parameters Menu (82.4).
e Press 2 for the System Functions Menu (82.5).
e Press 3 to start a data run (82.7).

IMPORTANT
Always return to the Main Menu before turning the system off to ensure all data has been
properly saved (see last step in 84.2.2 and §5.3.2).
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2.4.

Setup Parameters Menu (Main Menu <1>)

Setup parameters determine how the FlowTracker collects data. This section describes each item

in the Setup Parameters Menu.

1:Units English
2:Avg Time (40)
3:Mode Discharge
O=Exit or Enter=More

4:QC Settings
5:Discharge Settings
6:Salinity (0.00)
O=Exit or Enter=More

7:Language English

O=Exit or Enter=More

e The Setup Parameters Menu is shown above (three screens are needed to show all options).
e Press Enter to cycle through the screens.
e To change a setting, press the appropriate menu number.

2.4.1. Units System (Setup Parameters <1>)

The Units option defines the units system used for display and output data (English or Metric).

¢ The units system does not affect internal calculations or storage (internal units are metric).
e To change the units system, press 1 from the Setup Parameters Menu, and then:

0 Press 1 for English units.

0 Press 2 for Metric units.
e Table 2-1 lists the units that are used for display.

Table 2-1. FlowTracker Display Units

Parameter English Units | Metric Units
Location feet meters
Depth feet meters
Velocity ft/s m/s
Standard error of velocity (oV) ft/s m/s
Staff/gauge height feet meters
Discharge ft/s m®/s
SNR dB dB

2.4.2. Averaging Time (Setup Parameters <2>)

The Avg Time (averaging time) option specifies the amount of data (in seconds) to be collected at
each measurement site.

e Averaging time is specified in 1-second intervals from 10 to 1000 seconds.
o To change the averaging time, press 2 from the Setup Parameters Menu.

2.4.3. Data Collection Mode (Setup Parameters <3>)
The Mode option determines the procedure when collecting a series of measurement stations.

e To change the data collection mode, press 3 from the Setup Parameters Menu, and then:
0 Press 1 for Discharge mode.
0 Press 2 for General mode.

e Discharge Mode
0 In Discharge mode, a sequence of measurements is used to calculate river discharge.
0 See Section 5 for a complete description of discharge measurements.
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e General Mode
0 In General mode, no additional calculations are made by the FlowTracker.
o Location and depth information are recorded to document the data set.
0 See Section 3 for a complete description of general measurements.

2.4.4. QC Settings (Setup Parameters <4>) SmartQC
The QC Settings menu sets universal quality control criteria (Discharge or General mode).

e To access the QC Settings menu, press 4 from the Setup Parameters Menu, and then:
0 Press 1 to set the SNR Threshold (81.4.2).
0 Press 2 to set the oV Threshold (§1.4.3).
0 Press 3 to set the Spike Threshold (81.4.5).
0 Press 4 to set Max Velocity Angle (81.4.6).

2.4.5. Discharge Settings (Setup Parameters <5>)

The Discharge Settings menu specifies settings for the discharge calculations and the quality
control criteria used for Discharge measurements.

e To access the Discharge Settings menu, press 5 from the Setup Parameters Menu. YOu can
also access Discharge Settings by pressing 3 from the QC Menu. (Although options 1, 2, and
3 are not available when a data file is open.)
0 Press 1 to set the discharge Equation (85.2).
= Press 1 to select Mid Section.
- Selecting this option sets Repeat Depth and Repeat Velocity t0 NO.
= Press 2 to select Mean Section.
- Selecting this option sets Repeat Depth and Repeat Velocity to NO.
= Press 3 to select Japanese.
- The Japanese equation normally involves repeating each depth and velocity meas-
urement. This option sets Repeat Depth and Repeat Velocity t0 YES.
0 Press 2 to toggle Repeat Depth (85.2) between YES/NO.
= This option is normally used with the Japanese method, and involves recording each
depth value two times — once when going across the river and a second time when re-
turning. The mean of these two readings is used.
0 Press 3 to toggle Repeat Velocity (85.2) between YES/NO.
= This option is normally used with the Japanese method, and involves measuring each
velocity value two times in a row. The mean of these two readings is used.
Press 4 to set Max Section Discharge (81.4.7).
Press 5 to set Max Depth Change (8§1.4.8).
Press 6 to set Max Location Change (81.4.9).
Press 7 to set the discharge Reference value.
= The section discharge (%Q) displayed for each station can be calculated based either
on the user-supplied Rated discharge or the total Measured discharge.
= Select the desired reference, Rated Or Measured.
= The default is Rated. If no Rated value is specified, the Measured value is used.
O Press 8 to select the Methods Displayed.
= The FlowTracker supports several methods to determine mean velocity (85.2.4). The
method determines the number and location of velocity measurements.
= You scroll through available methods using the Method+ and Method- keys.

OO0 0O
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= |f some methods will never be used, you can remove those methods from display (re-
ducing the number of methods to scroll through).
- Press 1 to toggle 2-6-8 Methods (0.6, 0.2/0.8, 0.8/0.2, .2/.6/.8, .8/.6/.2) on/off.
Press 2 to toggle Ice Methods (Ice 0.6, Ice 0.5, Ice 2/8, Ice 8/2) on/off.
Press 3 to toggle Kreps Methods (Kreps 2-, Kreps 2+) on/off.
Press 4 to toggle 2-6-8 Methods (5 Point-, 5 Point+) on/off.
Press 5 to toggle Multi Methods (Multi Pt) on/off.
0 Press 9 to select the Uncertainty calculation.
= The FlowTracker supports 2 uncertainty calculations: Statistical and 1SO. Each pro-
vides an estimate of the uncertainty of each discharge calculation.
= Refer to 85.2.5 and Appendix C for details about each calculation type.

2.4.6. Salinity (Setup Parameters <6>)
The salinity option specifies the salinity value (in ppt) used to compute sound speed.

e To change salinity, press 6 from the Setup Parameters Menu, and then:
o Enter the desired salinity value in ppt.

e Sound speed is used in Doppler velocity calculations (see FlowTracker Principles of Opera-
tion for details).

o Salinity is specified in parts per thousand (ppt). Fresh water has a salinity of O; seawater
typically has a salinity of about 35 ppt.

e Asarule of thumb, a 12-ppt error in the value of salinity will result in a 1% error in sound
speed, which results in a 2% error in velocity data.

¢ Salinity should be specified as accurately as possible for each location.

IMPORTANT: When using the FlowTracker in salt water, a sacrificial zinc anode should be in-
stalled on the probe for corrosion protection (see §8.5.6).

2.4.7. Language (Setup Parameters <7>)

The FlowTracker firmware can operate in five different languages. Keypad labels are changed
for compatibility with each language; keypad overlays are available on request for each language
(and are included with each system shipped outside the United States and Canada).

e To change the language, press 7 from the Setup Parameters Menu:
Press 1 for English.

Press 2 for Spanish.

Press 3 for French.

Press 4 for German.

Press 5 for Italian.

(@]
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2.5. System Functions Menu (Main Menu <2>)

The System Functions Menu provides access to items that should be checked periodically, but do
not directly effect how data is collected. This section describes those items.

1:View Data File
2:Recorder Status
3:Format Recorder
O=Exit or Enter=More

4:Temperature Data
S5:Battery Data
6:Raw Velocity Data
O=Exit or Enter=More

7:Auto QC Test
8:Show Config

9:Set System Clock
O=Exit or Enter=More

e Three screens (above) are needed to show all items.
e Press Enter to switch between screens.
e To change a setting, press the number shown.

2.5.1. View Data File (System Functions <1>)

The Vview Data File option allows you to view data files stored on the internal recorder.

e To view a data file stored on the internal recorder, press 1 in the System Functions Menu.
e The FlowTracker will display a menu of the files on the internal recorder. At most, three
files are displayed on each screen.

31532_.111 Press 1
12342 .05 Press 2
872663.310 Press 3

O=Exit or Enter=More

0 Use Enter to scroll through the entire recorder directory (three files at a time).

0 Press 1, 2, or 3 to select the desired file.

0 Press 0 to exit the View Data File option without loading a file.

o After loading the file, the FlowTracker displays a summary of the data file.

0 The summary is the same one used at the end of data collection for General Mode
(84.2.2) or Discharge Mode data collection (85.3.2).

0 Press Enter to move between the different summary display screens.

0 Press Previous Station from any file summary screen to view station data.

0 Use Next Station and Previous Station to scroll through station data (no new measure-
ments can be added). The same station display screens are available as those used during
data collection. Press Enter to scroll through the station data screens.

0 Pressing Next Station from the last station returns you to the file summary screens.

0 When done, press 0 to exit and return to the main menu. The 0 key is only active when
the display is showing the summary data. If you have scrolled back to a previous station
to view data, you will not be able to exit until you scroll forward to the summary data

screen.
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2.5.2. Check Recorder Status (System Functions <2>)

The Recorder Status option displays the number of files stored on the internal recorder, and the
number of files remaining.

e To view the status of the recorder, press 2 from the System Functions Menu. Press any key
to return to the main menu.
e The FlowTracker will have either a 2-MB or 4-MB recorder.
o Systems produced before about February 2002 have a 2-MB recorder. The 2-MB re-
corder stores at most 32 data files.
0 Systems produced after about February 2002 have a 4-MB recorder. The 4-MB recorder
stores at most 64 data files.
e The recorder is divided into blocks of 64 KB per block. No more than one file can be stored
per block, but one file can occupy more than one block.
e Most data files will fit within one block. Larger data files will occupy multiple blocks (and
reduce the total number of files that will fit on the recorder).
e The system will not allow you to collect data if the recorder is full.
o If recorder space is low (three or less blocks remaining), the system will prompt you at the
start of a data run to see if you wish to format the recorder before data collection.

2.5.3. Format Recorder (System Functions <3>)
The Format Recorder option erases all data on the internal recorder.

e To format the recorder, press 3 from the System Functions Menu.

e The system will prompt you to enter 123 to confirm your decision to format (erase) the re-
corder. Entering any other value will abort the formatting process.

e Be certain that all data has been downloaded before formatting the recorder; data cannot be
recovered after the recorder is formatted.

e Recorder formatting takes 20-60 seconds to complete.

2.5.4. Temperature Data (System Functions <4>)

The Temperature Data option displays the current temperature sensor data.

e To view temperature data, press 4 from the System Functions Menu. Press any key to return
to the main menu.

e The temperature sensor is in the probe head and is accurate to +0.1°C.
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2.5.5. Battery Data (System Functions <5>)
The Battery Data option shows the current battery voltage and an estimate of remaining capacity.

Battery 9.7 V
Alkaline 75%
NiMH 80% NiCad 90%
Press Enter

e To view battery data, press 5 from the System Functions Menu. Press any key to return to
the main menu.
e An estimate of remaining capacity (as a percent of total) is given for three battery types. The
FlowTracker does not know what type of batteries are installed. Typical capacities:
o Alkaline: =25 hours
o NiMH: =15 hours
o NiCad: =7 hours
e Battery capacity estimates are based on voltage and are only approximate.
e Cold weather can greatly affect battery voltage and capacity; always check battery
voltage after the system has acclimated to outside temperatures.
e See §7.2 for more information about battery types and expected battery life.

2.5.6. Raw Velocity Data (System Functions <6>)
The Raw Velocity Data option shows a continuous display of raw velocity and SNR data.

e Todisplay raw data, press 6 from the System Functions Menu.
0 This can also be accessed by pressing 5 from the QC Menu.
e Press any key to exit the raw velocity display.
e This can be done as a quick test before data collection or to check stream conditions during
data collection.
o Data displayed during this function are not recorded.
¢ Velocity and SNR data are updated once per second.
¢ Velocity data can be expected to show notable variations (most of which are real), and
should be indicative of the general conditions in the water.
e SNRis primarily a function of the amount of particulate matter in the water. For good con-
ditions, SNR should be at least 10 dB. The system can operate effectively with SNR as low
as 2-3 dB, although the noise in individual velocity measurements will increase.

2.5.7. Automatic QC Test (System Functions <7>) SmartQC
The Auto QC Test is an automated version of the BeamCheck software described in §6.5.

e This test can be run in three ways:
0 When you are prompted to run this test at the start of each data file.
0 When you press 7 from the System Functions menu.
0 When you press 6 from the QC Menu.
e Follow the instructions on the LCD.
¢ When the test is done while a data file is open, results are recorded with the file.
o Place the probe in moving water well away from any underwater obstacles.
o The FlowTracker collects data for about 30 seconds.
0 The data are analyzed based on several criteria:
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= Noise level
- Measured electronics noise level is compared to reference data. Any significant de-
viation causes a warning.
- A large change in noise level may indicate damage to the probe.
= SNR
- The SNR is checked as sufficient for reliable data collection.
- Each beam SNR is compared to be sure all beams perform equally.
- A warning is issued for low SNR or if beam SNR values differ.
= Peak shape
- The shape of the sampling volume curve is compared to the expected shape. Any
significant deviation causes a warning.
- This criterion can only be checked with sufficient SNR (> 7 dB).
= Peak location
- The physical location of the sampling volume is compared to the expected location.
Any significant deviation causes a warning.
- This criterion can only be checked for sufficient SNR (> 7 dB).
o If any warnings are issued, you are given the option to repeat the test.
= We recommend repeating the test at least once, after you verify that the probe and
sampling volume are well away from any underwater obstacles.
= |f multiple warnings are received, run BeamCheck from a PC (86.5) to evaluate Flow-
Tracker performance in more detail.

2.5.8. Show System Configuration (System Functions <8>)
The Show Config option displays basic system configuration information.

e To display system configuration information, press 8 from the System Functions Menu.
Press any key to return to the main menu. Displayed items include:
o Firmware version number
o Serial number
0 Probe type
®» Side XY 10cm indicates a side-looking 2D probe.
= Side XYZ 10cm indicates a side-looking 2D/3D probe.
= Down XYZ 10cm indicates a down-looking 3D probe.

2.5.9. Set System Clock (System Functions <9>)

The Set System Clock option displays the date and time (continually updated) from the Flow-
Tracker’s internal clock.

e To change the date/time, press 9 from the System Functions Menu, and then:
o Follow the menu options to change the date or time.
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2.6. QC Menu SmartQC

The QC Menu is accessed only during data collection by pressing the QC Menu key (in either Dis-
charge or General mode). It provides access to several functions.

¢ Input supplemental data
o Supplemental data is provided to allow you to further document that data set.
o0 Up to 20 different supplemental data records can be included with each file.
o Each record can include gauge height, rated flow, user comments, a time stamp and a lo-
cation stamp.
= The time stamp and location stamp are automatically generated with any gauge height,
rated flow, or comment entries, but can be edited.
o Data in all records can be viewed and modified following the on-screen instructions in
the QC Menu.
e Modify QC Settings (§2.4.4).
e Modify Discharge Settings (82.4.5) (Discharge mode only).
e Change the averaging time (Avg Time) used for each measurement.
e Display Raw Velocity Data (82.5.6) from the FlowTracker without recording to a file.
0 One possible use for this function is to use the FlowTracker to locate the bottom of a
slush layer under ice.
e Run and record an additional Auto QC Test (82.5.7).

2.7. Start Data Run (Main Menu <3>)

Pressing 3 from the main menu starts a data collection run. The procedure for data collection will
vary depending on the data collection mode setting (Discharge or General).

e For a detailed description of the General data collection procedures, see Section 4.
e For a detailed description of Discharge measurement procedures, see Section 5.
IMPORTANT

Always return to the Main Menu before turning the system off to ensure all data has been
properly saved (see last step in §4.2.2 and §85.3.2).
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Section 3. Getting Started: Operational Overview

For both the first-time user and the seasoned veteran, this section provides an operational over-
view of how to get your FlowTracker up and running.

3.1. Power

e The FlowTracker operates on 6 to 15 VDC input power typically supplied by internal batter-
ies. CAUTION: Voltages greater than 15 VDC will seriously damage the electronics.

e Ensure adequate power is available before starting a data collection run (see §2.5.5).

o See 8§7.2 for details about installing and checking batteries.

e An external power supply can be used; see §7.1.2.

3.2. Pre-Deployment Diagnostics
Simple diagnostic procedures are provided to verify system operation.

e One procedure requires an external PC and should be performed before every extended field
trip (or about once per week) — see 83.2.1.

e Other procedures, requiring only a few minutes, can be performed in the field from the key-
pad interface. These should be performed before each data run — see §3.2.2.

3.2.1. Office Diagnostic Procedures
The system software includes a program named BeamCheck.

e BeamCheck lets you evaluate all aspects of system performance and should be run before an
extended field trip (about once per week).

e Using BeamCheck for the first time will require about 30 minutes; experienced users should
need about 5 minutes.

e The system must be connected to an external PC. BeamCheck details are described in 86.5.

3.2.2. Field Diagnostic Procedures

Several diagnostic functions are available from the System Functions Menu (press 2 from the
Main Menu). Field diagnostics should be run before every data collection run.

Recorder Status (2 in System Functions Menu)
e The FlowTracker internal recorder can store up to 32 files (2-MB recorder) or 64 files (4-
MB recorder).
e Check recorder status before each data collection run. Download data and format the re-
corder as needed (82.5.2).

Temperature Data (4 in System Functions Menu)
e Temperature data is used for sound speed calculations and can affect velocity data.
e Check temperature data to be sure it is reasonable for the environment.

Battery Data (5 in System Functions Menu)
e An estimate of remaining capacity (as a percent of total) is given for three battery types. The
FlowTracker does not know what type of batteries are installed.
e Typical expected life from fully-charged batteries:
o Alkaline: =25 hours
o NiMH: =15 hours
o NiCad: =7 hours
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e These battery life estimates are at ~20° C (70° F). Cold weather will have a significant ef-
fect on voltage and capacity.
e See §7.2 for more information about battery types and expected battery life.

Display Raw Data (6 in System Functions Menu)
e Place the probe in the area to be measured.
e This displays raw velocity and SNR data, updated once per second.
0 SNR data should ideally be above 10 (units are dB), but measurements can be made as
low as 3-4 dB.
o Velocity data should appear reasonable for the environment (short term variations are
expected and are most likely real).
e See §82.5.6 for more information about the raw data display.

Auto QC Test (7 in System Functions Menu) SmartQC
e You will be prompted to run this test at the start of each data file. When done collecting
data, test results are recorded with the data file. The test can also be run directly from the
System Functions Menu, although test results are not recorded.
¢ Place the probe in moving water well away from any underwater obstacles; follow the on
screen instructions for the test.
e See §2.5.7 for more information about the automatic QC test.

System Clock (9 in System Functions Menu)
e The FlowTracker uses an internal clock to record time information for all measurements.
o Verify the clock is correctly set before each data collection run. Change date/time as needed
from this menu.

3.3. Data Collection Modes

The FlowTracker has two data collection modes that affect how the system collects data.

e Discharge Mode assumes you are measuring discharge in a river/stream. This mode follows
established discharge measurement procedures. Details about this mode are in Section 5.

e General Mode is intended for a general series of measurements; the FlowTracker makes no
calculations based on the data. Details about this mode are in Section 4.

You can switch between data collection modes using the Setup Parameters Menu (§2.4.3).

3.4. Other Deployment Considerations

In addition to the diagnostic routines mentioned above (83.2), you should review the following
operational considerations.

e Probe mounting, installation, and interference (88.1)
¢ Routine maintenance (88.5)
e Seeding requirements (88.6)

IMPORTANT
Always return to the Main Menu before turning the system off to ensure all data has been
properly saved (see last step in §4.2.2 and §85.3.2).
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Section 4. General Purpose Measurements

41. Overview

The General Mode of data collection is for applications that need a series of current measure-
ments at different locations, but that do not require a standard discharge calculation.

e The FlowTracker records the velocity data with parameters to document the data set.
¢ The following parameters are recorded with each measurement location.
o Station number
o Two location variables
o Water depth
0 Measurement depth
o No parameters are required (station number is automatically generated). They are provided
only to document the data set as desired for a particular application.

4.2. General Data Collection Procedure

This section outlines a typical procedure when collecting data in the General Mode. Though typi-
cal, the sequence of steps you use may vary based on your application.

4.2.1. Preparing the System for General Data Collection in the Field

Preliminary
¢ Run pre-deployment diagnostics before taking the instrument to the field (83.2 and 86.5).

Mount the Probe
e Use a proper probe mounting to avoid flow interference (88.1).

Turn the FlowTracker On
e Hold the on/off key for 1 second until you see the LCD screen turn on.
e From the opening (i.e.; wakeup) screen, press the Enter key to view the Main Menu.

Field Diagnostics
e Perform field diagnostics (83.2.2).
0 Check recorder status (2 in System Functions Menu)
0 Check temperature data (4 in System Functions Menu)
0 Check battery capacity (5 in System Functions Menu)
0 Check raw velocity and SNR data (6 in System Functions Menu)
0 Check system clock (8 in System Functions Menu)

Set System Parameters
e Check the Setup Parameters Menu (1 in Main Menu; §2.4).
Units system [Metric/English] (1 in Setup Parameters Menu)
Averaging time (2 in Setup Parameters Menu)
Data collection mode (set to General) (3 in Setup Parameters Menu)
QC Settings (4 in Setup Parameters Menu; 82.4.4) SmartQC
Salinity (6 in Setup Parameters Menu)
= In salt water, a zinc anode should be installed (88.5.6).

o

0]
0
0]
0]
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4.2.2. Data Collection in General Mode
Table 4-1 lists the items shown on the display screens during data collection.

Table 4-1. Items Displayed During Data Collection (General Mode)

Label Description English | Metric
Stn Station number
L1 Location value 1 ft m
L2 Location value 2 ft m
Dep Water depth ft m
MDep |Measurement depth ft m
VX X velocity component ft/s m/s
Vy Y velocity component ft/s m/s
Vz Z velocity component ft/s m/s
SNR Signal-to-noise ratio (mean of all receivers); §1.4.2 dB dB
Time Time remaining in sampling average
oV Standard error of velocity; §1.4.3 ft/s m/s
Spikes |Number of spikes edited from mean; §1.4.5
Bnd Boundary QC value; §1.4.4
NPts Number of points collected (may differ from averaging time if Abort key used)

The following steps describe the data collection sequence when in General Mode.

1. From the Main Menu, press 3 to Start Data Run.
2. The file name menu will be displayed (right).

Data File Name
1:Name (none)

a. Press 1 to specify file name (required). 2:Extension (none)
= A maximum of 8 characters (letters or numbers) are | 9:Accept name
allowed.

= To enter an alpha-numeric filename:
o0 To enter a number, simply type the number.
0 Letters use the mobile phone method (e.g., for C press 2 four times: 2—-A - B - C).
0 Press Enter to complete the filename.
0 Use the Delete key to correct mistakes.
= After entry, the file name is shown in parentheses.
b. Press 2 to specify file extension (optional).
= A maximum of 3 characters (letters or numbers) is allowed
= After entry, the extension is shown in parentheses.
c. Press 9 when ready to start data collection. The system checks that the filename does not
already exist on the recorder, and then displays station information.
d. Or, press Abort or End Section to return to the Main Menu.
3. Input site and operator name (right). These are optional
' ' 2:0Operator Billy Bob
b. Press 2 to enter operator name(s). 9-Start
c. Up to 20 characters is allowed for each.
d. Press 9 to start data collection.
4. You will be prompted (right) to conduct an automatic QC
test (82.5.7). SmantQC
a. Press 1 to run the automatic QC test, and follow on 1-Run Test
screen instructions. 2:Skip Test
b. Press 2 to skip the test and begin data collection.

1:Site

Automatic QC Test

30 FlowTracker Technical Manual (July 2007)



SonTek/YSI

5. Station information will be displayed (right).
a. Data are in meters or feet based on the units selection.
b. Press Set Location to set location 1 (L1) and location 2
(L2) values.
C. Press Set Depth to set water depth (Dep).

d. Press Set Meas Depth to set measurement depth (MDep).

6. When the probe is located at the desired station, press

Measure to start data collection. The display (right) shows

a running mean of velocity and SNR data. The displayed

values represent the running mean of data collected at the

selected station.

7. When the station is complete, a summary of velocity and

quality control data are shown (right).

a. The data represent the mean over the entire averaging
period after removing any spikes.

b. Press 1 to accept the measurement and move on to the
next station.

Station 1
L1 0.00 Dep 0.00
L2 0.00 MDep 0.00

Press Meas to Start

Stn 1 MDep 0.00
Vx 0.00 Vy 0.00
Vz 0.00 SNR 0.0

Time (sec) 19

Vx 2.25 oV 0.02
Vy 0.42 SNR 15.1
Spikes O Bnd BEST
1:Accept 2:Repeat

c. Press 2 to repeat the measurement (using the same station number).
Note: When a measurement is repeated, data are not lost. However, you can longer view
the old data using the keypad interface. The old data are still recorded. Later, you can ex-
tract the data from the raw data file (*.dat) and the measurement summary file (*.sum).
8. When a measurement is accepted, the FlowTracker displays the next station.
a. Location and depth data for new stations are predicted based on previous stations.
b. At this point, you would repeat Steps 3 through 8 to add additional stations; otherwise,

continue with Step 9 below.

Note: In General Mode, the maximum number of stations for a data file is 100. Measure-
ments that are repeated (Step 7.c.), do not count towards the maximum number of stations.
9. Use the Previous Station and Next Station keys to scroll through completed stations.
a. Three screens (below) are available for each completed station; press Enter to scroll

through the screens for each station.

b. You can edit station information using Set Location, Set Loc. 2, Set Depth, and

Set Meas Depth.

Station 3 Stn 3 MDep 1.50
L1 4.00 Dep 2.25 Vx 2.25 Vy 0.42
L2 6.50 MDep 1.50 Vz 0.05 Npts 40

Press Enter For More

Press Enter For More

Stn 3 MDep 1.50
SNR 14.5 Bnd BEST
oV 0.02 Spikes 0O
Press Enter For More

10. At any point, press QC Menu to access a variety of special functions (§2.6). sSmartQc
a. Enter supplemental data (gauge height, rated flow, user comments).

b. Modify QC Settings (82.4.4).

c. Change averaging time (Avg Time) used for each measurement.

d. Display Raw Velocity Data (82.5.6).
e. Run and record an additional Auto QC Test (8§2.5.7).

11. When all stations are done, press End Section to close the file and view summary data (this
process may take a few seconds). Note: The End Section key is only active when the display
is showing the last station in the file. If you have scrolled back to a previous station to view
data, you will not be able to end the section until you scroll forward to the ending station.
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12. After the file has been closed, seven screens of file summary data are available (below).

Table 4-2 lists the items shown on the summary screens.

a. Press Enter to move between the different file summary screens.

b. Press Previous Station from any file summary screen to view the station data. You can
then scroll through all station data using the Next Station and Previous Station keys. Press
Next Station from the last station screen to return to the file summary screens.

c. When done, press 9 to exit and return to the main menu. The 9 key is only active when the
display is showing the file summary data. If you have scrolled back to a previous station
to view data, you cannot exit until you scroll forward to the summary data.

d. IMPORTANT: Always return to the Main Menu before turning the system off to ensure all

data has been saved.

File 555312.100
Mode: General
2001/06/25 14:24:15

Site
Poudre River FC
Operator Billy Bob

File 555312.100
Num Stations 15

O=Exit or Enter=More O=Exit or Enter=More O=Exit or Enter=More
Vx Mean 1.05 ft/s Vx Min 0.88 ft/s Vx Max 1.63 ft/s
Vy Mean 0.08 ft/s Vy Min -0.10 ft/s Vy Max 0.34 ft/s
O=Exit or Enter=More O=Exit or Enter=More O=Exit or Enter=More

SNR Mean 16.5 dB

oV Mean 0.05 ft/s
Temperature 63.2°F
O=Exit or Enter=More

Table 4-2. Items Displayed on Summary Screens (General Mode)

Label Description English Units | Metric Units
Stations Total number of stations (including edges) - -
Site Site name - -
Operator Operator name - -
VX Mean Mean X velocity ft/s m/s
Vy Mean Mean Y velocity ft/s m/s
Vz Mean Mean Z velocity (if present) ft/s m/s
Vx Min Minimum X velocity ft/s m/s
Vy Min Minimum Y velocity ft/s m/s
Vz Min Minimum Z velocity (if present) ft/s m/s
Vx Max Maximum X velocity ft/s m/s
Vy Max Maximum Y velocity ft/s m/s
Vz Max Maximum Z velocity (if present) ft/s m/s
SNR Mean Mean signal to noise ratio; §1.4.2 dB dB
oV Mean Mean standard error of velocity; §1.4.3 ft/s m/s
Temperature | Mean water temperature °F °C
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Section 5. River Discharge Measurements

5.1.

Overview

Discharge Mode is for applications where the primary goal is to measure river/stream discharge.
The technique involves taking a series of velocity measurements at different locations through-
out the cross section. These measurements are combined with location and water depth informa-
tion to compute the total discharge.

5.2.

Section 5.2 describes the measurement methodology and discharge calculations in detail.
Section 5.3 describes how to make discharge measurements with the FlowTracker.

Discharge Calculation Equation

The basic procedure for making a discharge measurement is as follows.

A site is selected. Site selection is a crucial part of collecting discharge measurement data.
o Inan ideal measurement site, the flow should be perpendicular to the tag line at all
points with no flow reversals or obstructions.
o Look for sites with reasonably smooth, consistent bottom conditions.
o Flow conditions at the site are the most important factor in determining overall accuracy
of measurements at that site (85.2.5).
A graduated tag line is strung across the river.
The operator starts at one edge, recording the starting-edge location and water depth.
The river cross section is split into several stations. At each station, the operator records the
station location and water depth, and then takes velocity measurements at one or more
depths to determine the mean velocity at that station.
During velocity measurements, the probe’s X-axis is maintained perpendicular to the tag
line (Figure 4); the red band (receiver arm #1) should face downstream. Only the X-
component of velocity (Vx) is used to ensure proper discharge calculation, regardless of the
flow direction (flow direction is also measured and recorded).
When complete, the operator records the ending-edge location and water depth.
The total discharge is the sum of all station discharge values.

The FlowTracker supports several equations for calculating discharge following the basic proce-
dure outlined above.

Mid Section equation (85.2.1)
Mean Section equation (85.2.2)
The Japanese equation (85.2.3)

Graduated Tag Line

Primary Flow
. Direction

Y N
N > peoampling

Probe
Coordinate System

Mountin
Pin
Figure 4 — FlowTracker Probe Orientation Relative to Stream Flow
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5.2.1. Mid Section Discharge Equation

The Mid Section discharge equation is the default used by the FlowTracker.

This method is used by the U.S. Geological Survey (USGS), the primary U.S. government
agency responsible for river discharge monitoring.
The same methodology is described in ISO standards 748 (1997) and 9196 (1992).
Figure 5 shows the Mid Section equation. In this figure:
0 Loc; represents the location of measurement station i.
O Dep; represents the measured water depth at station i.
0 Vel represents the mean velocity at station i (8§5.2.4).

There are a few special cases to consider.
Edges

Velocity from the adjacent station is used, scaled by a user-supplied correction factor.

Multiple channels (internal islands)

If a river is split into multiple channels, any internal island(s) must be accounted for in the
discharge calculation.

The stations at each edge of the internal island(s) are treated like the river edges.

Enter station location and water depth, and then select the velocity measurement method
None to indicate an internal island. For an internal island, there should be two method None
stations in a row (one for each edge).

Ice covered water

For under ice measurements, calculations must take into account the thickness of the ice.
Holes are cut through the ice at each measurement station.

The operator enters station location and water depth as normal.

The operator enters an ice depth parameter (Ice), which is the distance from the water sur-
face to the bottom of the ice or bottom of the slush (if present).

Area, Area, Area 7 Area, Areg
Edge Calculations (Starting, Ending, Internal Island) Open Water Calculations
i = edge station (Loc;, Dep)) Station Width =W, = (Loc,, - Loc,,)/Z
J = adjacent station with velocity (Loc;, Dep,, Vel,) Station Area = Area, = W, * Dep,
Edge Width =W, = (Log, - Loc,)/2 Station Velocity = Vel,
Edge Area = Area, =W, * Dep, Station Discharge = Q, = Area, * Vel,
Edge Correction Factor = CF, ) a
Edge Velocity = Vel, = CF, * Vel Total Discharge = Sum(Q,)

Discharge Measurement - Mid Section Method

Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc,
Vel, Vel, \el, Vel, \el;, Vel \el, Vel \el, Vel, \el;,

Wo W, W, W, W, W, We W, W, W, W,
T SR F et KO SR ey St ST S NN, N SR N
\Dspl Dep, Dep, Dep, Dep, Dep, Q@% Dep,, De Dep,,

N\
\ Area,,
§ g Area,,

Area,,

Edge Discharge = Q, = Area, * Vel

Figure 5 — Mid Section Discharge Equation
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e Station width is calculated as normal.
o Effective depth is calculated as EffD; = Dep; — Ice.
e Station area is the effective depth times station width Area; = W; * EDep;.

5.2.2. Mean Section Discharge Equation

The Mean Section discharge equation uses the same data collection procedure as the Mid Section
equation, but differs in the details of how discharge is calculated.

e The Mean Section methodology is described in ISO standards 748 (1997) and 9196 (1992).
e Figure 6 shows the Mean Section equation. In this figure:

0 Loc; represents the location of measurement station i.

O Dep; represents the measured water depth at station i.

0 Vel represents the mean velocity at station i (§5.2.4).

There are a few special cases to consider.

Edges
¢ Velocity from the adjacent station is used, scaled by a user-supplied correction factor.

Multiple channels (internal islands)
o If ariver is split into multiple channels, any internal island(s) must be accounted for in the
discharge calculation.
e The stations at each edge of the internal island(s) are treated like the river edges.
e Enter station location and water depth, and then select the velocity measurement method
None to indicate an internal island. For an internal island, there should be two method None
stations in a row (one for each edge of the internal island).

Discharge Measurement - Mean Section Method
Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc,
Vel, Vel, \el, Vel, \el, \el, Vel, \el, Vel \el, Vel
Wl WZ W3 W4 W5 WG W7 WB W9 WlO Wll Wl
A A A VA‘ A A A W
Dep, Dep, Dep, Dep, Dep; Dep, Dep, Dep, Dep, Dep, Dep, Dep,,
Area)
Area}
Area \ L.
3 A Area, Area, Atea, Area, Area,,
Edge Calculations Open Water Calculations
Starting edge, second edge of internal island Station Width =W, = Loc, - Loc,,
Q,=W,=Area, =0.0 Station Area = Area, =
Ending edge, first edge of internal island W, * (Dep; + Dep,,) / 2
I = edge station (Loc;, Dep,) Mean Station Velocity = MeanV, =
Edge Width =W, = Loc, - Loc,, (Vel, + Vel,,) / 2
Edge Area = Area, = W, * (Dep; + Dep,,) / 2 Station Discharge = Q, =
Edge Correction Factor = CF, Area, * MeanV,
Edge Velocity = Vel, = CF, * Vel, )
Mean Edge Velocity = MeanV, = (Vel, + Vel,,) / 2 Total Discharge = Sum(Q,)
Edge Discharge = Q, = Area, * Vel,

Figure 6 — Mean Section Discharge Equation
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Ice covered water

e For under ice measurements, calculations must take into account the thickness of the ice.

e Holes are cut through the ice at each measurement station.

e The operator enters station location and water depth as normal.

e The operator enters an ice depth parameter (Ice), which is the distance from the water sur-
face to the bottom of the ice or bottom of the slush (if present).

e Station width is calculated as normal.

o Effective depth is calculated as EffD; = Dep; — Ice.

e Station area is the effective depth times station width Area; = W; * EDep.

5.2.3. Japanese Discharge Equation

The Japanese discharge equation includes several modifications to the two other data collection
procedures described above.

¢ Location and water depth are recorded for every station; however, velocity is only measured
at every second station.
o Stations without a velocity measurement use velocity method None (85.2.4).
o Depth for each station is recorded twice, once when going across the river and a second time
on the return trip. The mean of the two values is used for discharge calculations.
0 When the Japanese equation is selected, the FlowTracker automatically supports two
depth values using the Set Depth key; the mean value is displayed.
e Each velocity measurement is repeated twice. The mean of the two values is used for dis-
charge calculations.
e Figure 7 shows the Japanese equation. In this figure:
O Loc; represents the location of measurement station i.
0 Dep; represents the measured water depth at station i.
O Vel represents the mean velocity at station i (85.2.4).

There are a few special cases to consider.

Discharge Measurement - Japanese Method

Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc, Loc,
Vel, Vel, Vel, Vel, Vel, Vel

A A 4 4 A A A 4 4 4 4
Depl Depz Depz D9p4 Deps Depe Dep7 Deps D9p9 Deplo Depn I Dep12

Area)

Area,,

4 A _J/

Width, area and discharge are calculated only for stations that include a velocity measurement.
Station Width W, = Loc,,, - Loc,,
Station Area = Area, = ((Loc, - Loc,,)*(Dep,+Dep,,) / 2) + ((Loc,,, - Loc)*(Dep,,,+Dep,) / 2)
Station Discharge = Q, = Area, * Vel
Total Discharge = sum(Q,)

Figure 7 — Japanese Method Discharge Equation
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Multiple channels (internal islands)

If a river is split into multiple channels, any internal island(s) must be accounted for in the
discharge calculation.

The stations at each edge of the internal island(s) are treated like the river edges.

Enter station location and water depth, and then select the velocity measurement method
None to indicate an internal island. For an internal island, there should be two method None
stations in a row (one for each edge of the internal island).

Ice covered water

For under ice measurements, calculations must take into account the thickness of the ice.
Holes are cut through the ice at each measurement station.

The operator enters station location and water depth as normal.

The operator enters an ice depth parameter (Ice), which is the distance from the water sur-
face to the bottom of the ice or bottom of the slush (if present).

Station width is calculated as normal.

Effective depth is calculated as EffD; = Dep; — Ice .

Station area is the effective depth times station width Area; = W, * EffD..
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5.2.4. Determining Mean Station Velocity (Discharge Measurement Method)

The discharge measurement Method specifies how the FlowTracker determines mean velocity at
each station.
e The Method involves variations in the number of velocity measurements, measurement
depths, and how data are combined.
e Table 5-1 lists all Methods supported by the FlowTracker.
e Methods involving more than one measurement can be done in either direction (from sur-
face to the bottom, or from the bottom towards the surface).
o The FlowTracker automatically alternates between directions at adjacent stations to
make setting the probe location easier.
e Select the method using the Method + and Method — keys.
e If some Methods will never be used, you can specify which methods to display (§2.4.5)
o From the Main Menu, press 1 for Setup Parameters.
0 Select 5 for Discharge Settings.
o Select 9 to specify Methods Displayed.
e Both fractional and actual measurement depths are shown on the FlowTracker display.
o Fractional measurement depth is referenced from the surface down (e.g., 0.6*depth
down from the surface).
o Actual measurement depth is referenced from the bottom up (e.g., 0.23 ft above bottom).

There are a few special cases to consider.

Method None
e Method None is used in two different situations:
0 When no measurement is possible (perhaps due to weed growth) and velocity will be es-
timated based on velocity from the adjacent station(s).
o To specify the banks of an internal island (for a multiple channel river).
¢ |If one method None station is recorded, it is assumed that no measurement was possible.
o Velocity for this station is based on the mean station velocity from the adjacent sta-
tion(s) with velocity measurements multiplied by the user-specified correction (CF) fac-
tor for this station. The default CF is 1.00.
e |If two method None stations are recorded together, they are assumed to represent an internal
island and discharge is calculated accordingly (85.2.1, §5.2.2, §5.2.3).

Method Multi Pt
e This is a general-purpose method that lets you make any number of velocity measurements
at any location in the water column.
o For each measurement, you must manually enter the measurement depth (using the Set
Meas Depth key).
0 When all measurements for a station have been made, press the End Section or Abort
key to complete the station.
e The mean velocity is calculated by integrating all velocity measurements considering their
location as illustrated in Figure 8.
o If multiple measurements are made at the same measurement depth, these measurements
are averaged prior to calculating the velocity integration.
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Table 5-1. FlowTracker Discharge Measurement Methods

Method Measurement Locations Mean Velocity Equation
0.6 0.6 * depth Vmean = Vos
0.2/0.8 0.2 * depth _
0.800.2 | 0.8*depth Vimean = (Vo2 + Vos) /2
*
216/ | 27 depth B .
8/.6/2 0.6 * depth Vinean = (Vo2 + 2*Voe + Vog) / 4
e 0.8 * depth
. Vv =0.92*Vv
* mean 0.6
Ice 0.6 0.6 * effective depth (Correction Factor 0.92 can be changed by user)
. Vv =0.89*V
* mean 0.5
Ice 0.5 0.5 * effective depth (Correction Factor 0.89 can be changed by user)
Ice 2/8 0.2 * effective depth _
lce 8/2 | 0.8 * effective depth Vimean = (Vo2 +Vog) /2
Kreps 2- | 0.0 (near surface) _ . .
Kreps 2+ | 0.62 * depth Vimean = 0.31*Voo +0.634*Voe,
0.0 (near surface)
. 0.2 * depth
SPONT | 0.6* depth Vinean = (Voo +3*Voz +3*Vo + 2Vt Vi) / 10
0.8 * depth
1.0 (near bottom)
Integrated velocity average (Figure 8)
Anv number of points at Measurements can be made in any order; they are sorted
Multi Pt y er ot p by depth to calculate the integrated mean velocity. Repeat
user-specified depths .
measurements at the same depth are averaged prior to
calculating the integrated velocity.
Vimean = CF * Vadjacent
Mean velocity is based on the velocity from the adjacent
. station(s), multiplied by a user-specified correction factor.
None No velocity measurement . . i
This method is used when velocity measurements cannot
be made, and to specify the edges of an internal island in a
multiple channel river.
Viean = Vinput
. . User enters an estimated velocity value. This method is
Input V User input velocity

used when velocity measurement is not possible, most
commonly due to weed growth along a riverbank.
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Surface Surface
V VSurface o V VSurface o
1 L} 1 »
V V12 " V V12 "
2 2
V V23 V V23 ‘7
3 3
V, ¢ V, ¢
VBottom V om
Bottom Bottom
Mid and Mean Section Integration Japanese Equation Integration
VSurface = Vl VSurface = Vl
Vi(i+1) = ( Vi + Vi+1 ) /2 Vi(i+1) = ( Vi + Vi+l ) /2
Veoon= (6/7)*V,, (1/6 power law) Vouom= (1/2)*V,, (linear velocity change)

Figure 8 — Multiple Point Mean Velocity Integration

Correction Factor (CF)
e The correction factor (CF) is a user-supplied parameter used to scale the mean station veloc-
ity; it is entered using the Corr. Factor key.
e The CF is most commonly used at edges, internal islands, and other method None stations to
scale the velocity from the adjacent station(s).
0 The default CF value is 1.00.
0 Any value from -1.00 to 1.00, except 0.0, is allowed.
e The CF can be entered for any station and mean velocity will be multiplied by the CF.
0 One possible use is near the edges in very narrow streams.
0 In these cases, the orientation of the FlowTracker probe can be reversed 180° to allow
measurement closer to the edge.
0 A CF of -1.00 should be entered to correct the FlowTracker X-velocity.
o Be careful when entering the CF, as mean velocity is always scaled by this value. Incorrect
use of this parameter will affect the final discharge measurement.
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5.2.5. Discharge Uncertainty Calculation SmartQcC

The FlowTracker estimates the uncertainty of every discharge measurement. This calculation can
be done using two different ways: Statistical or 1SO.

e The statistical (abbreviations Stats) uncertainty calculation uses a method developed by re-
searchers at the U.S. Geological Survey; this is the default calculation as it provides the
most reliable indicator of measurement quality.

e The 1ISO method is based on the international standard. It provides users with the results of a
published, standard technique; however, in some cases this calculation may not provide a
reliable indicator of data quality.

The uncertainty calculations are based on several different parameters. In addition to overall un-
certainty, the FlowTracker also looks at the contribution of each parameter.

e Accuracy: the accuracy of the FlowTracker calibration (this is generally negligible).
e Depth
0 In the statistical calculation, this term includes both uncertainty in the depth measure-
ment and the effect of changes in depth between stations.
o Inthe 1SO calculation, this term includes only the uncertainty in depth measurements.
Velocity
0 In the Statistical calculation, this term includes both uncertainty in the velocity meas-
urement and the effect of changes in velocity between stations.
o Inthe 1SO calculation, this term includes only the uncertainty in velocity measurements.
Width
o Estimated uncertainty in width measurements.
Method: Discharge measurement method (85.2.4)
0 Use for the 1ISO method only.
Number of stations
0 Use for the 1ISO method only.

In the FlowTracker real time display, uncertainty is shown with the calculated discharge; the
largest individual source of uncertainty is also shown. The FlowTracker software program shows
both uncertainty calculations and the contribution of each parameter to the overall uncertainty. A
complete description of the discharge uncertainty calculations can be found in Appendix C —
Discharge Uncertainty Calculation.
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5.3. Discharge Data Collection Procedure

This section outlines a typical procedure when collecting data in the Discharge Mode. Though
typical, the sequence of steps may vary based on your application.

5.3.1. Preparing the System for Discharge Data Collection in the Field

Preliminary
e Use 85.2 to determine the discharge procedure and equation you will use.
¢ Run pre-deployment diagnostics before taking the instrument to the field (83.2 and 86.5).

Mount the Probe
e Mount the probe properly to avoid flow interference (88.1).

e Be sure to keep the X direction perpendicular to the tag line being used to define the cross
section at all times (see 85.2 and 8.1).

Turn the FlowTracker On
¢ Hold the on/off key for one second until you see the LCD screen turn on.
e From the opening (i.e.; wakeup) screen, press the Enter key to view the Main Menu.

Field Diagnostics
e Perform field diagnostics (83.2.2).
0 Check recorder status (2 in System Functions Menu)
0 Check temperature data (4 in System Functions Menu)
0 Check battery capacity (5 in System Functions Menu)
0 Check raw velocity and SNR data (6 in System Functions Menu)
0 Check system clock (9 in System Functions Menu)

Set System Parameters

e Check the Setup Parameters Menu (1 in Main Menu; 82.4).

0 Units system [Metric/English] (1 in Setup Parameters Menu)

Averaging time (2 in Setup Parameters Menu)
Data collection mode (set to Discharge) (3 in Setup Parameters Menu)
QC Settings (4 in Setup Parameters Menu) (82.4.4)
Discharge Settings (5 in Setup Parameters Menu) (82.4.5)
Salinity (6 in Setup Parameters Menu)
= In salt water, a zinc anode should be installed (88.5.6).

SmartQC

OO0 O0OO0O0
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5.3.2. Data Collection in Discharge Mode
Table 5-2 lists the items shown on the display screen during data collection.
Table 5-2. Items Displayed During Data Collection (Discharge Mode)

Label Description English | Metric
RatedQ |Rated discharge (as input by the user) ft®/s m®/s
TotalQ |Computed discharge (based on FlowTracker measurements) it’/s m®/s

Loc Location ft m
Dep Water depth ft m
0.6 &i/'o's' Velocity method used; 85.2.4, Table 5-1 - -

Measurement depth

e First is the fractional depth (e.g., 0.6 indicates 0.6 * depth), refer-

0.6(0.32) enced from the surface down. ft m

e Second (in parenthesis) is the actual depth, referenced from the bot-
tom up. This calculated depth includes the effect of ice, if present.

Vel X velocity component ft/s m/s
SNR Signal-to-noise ratio; §1.4.2 dB dB
Time Time remaining in sampling average

oV Standard error of velocity; §1.4.3 ft/s m/s

Spikes | Number of spikes removed from mean; §1.4.5 - -
Bnd Boundary QC value; §1.4.4 - -
Number of points collected (may differ from averaging time if Abort key

NPts used) - -
Ang Flow angle relative to X direction; §1.4.6 ° °
StnQ | Station discharge ft/s m®/s
StnV Mean station velocity; §5.2.4 ft/s m/s
%Q Station discharge as percent of either rated or measured discharge, % %

based on the discharge Reference value (§2.4.5).

The following steps describe the data collection sequence when in Discharge Mode.

1. From the Main Menu, press 3 to Start Data Run.

2. The file name menu will be displayed (right). Data File Name
a. Press 1 to specify file name (required). 1: Name (none)
= A maximum of eight characters (letters or numbers) 2: Extension (none)
are allowed. 9: Accept name

= To enter an alpha-numeric filename:
o To enter a number, simply type the number.
o Letters use the mobile phone method (e.g., for C press 2 four times: 2-A-B-C).
0 Press Enter to complete the filename.
0 Use the Delete key to correct mistakes.
= After entry, the file name is shown in parentheses.
b. Press 2 to specify file extension (optional).
= A maximum of 3 characters (letters or numbers) is allowed
= After entry, the extension is shown in parentheses.
c. Press 9 when ready to start data collection.
= The system checks that the filename does not already exist on the recorder, and then dis-
plays starting gauge information.
d. Or, press Abort Or End Section to return to the Main Menu.
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3. Enter site and operator name (right). These are optional 1-Site
values used only to document the data set. Poudre River FC
a. Press 1 to enter site name. 2:0Operator Billy Bob
b. Press 2 to enter operator name(s). 9:Start

c. Up to 20 characters are allowed for each entry.
d. Press 9 to start data collection.

4. At any point, press QC Menu to access a variety of special Press QC Menu
functions (82.6). SmartQC At Any Time
a. The operator is prompted to do so at the start and end of For Gauge Data
each data file; this is typically to enter starting and end- ENTER = Continue

ing gauge height values.
. Enter supplemental data (gauge height, rated flow, user comments).
Modify QC Settings (82.4.4) or Discharge Settings (8§2.4.5).
. Change averaging time (Avg Time) for each measurement.
Display Raw Velocity Data (§2.5.6).
f. Run and record an additional Auto QC Test (82.5.7).

® 00 o

5. You will be prompted (right) to conduct an automatic QC Automatic QC Test
test (82.5.7). smartQC
a. Press 1 to run the automatic QC test; follow the on- 1:Run Test

screen instructions. 2:Skip Test

b. Press 2 to skip the test and begin data collection.

6. Starting-edge information will be displayed (right). Starting Edge
a. Press Set Location to set starting-edge location (Loc). Loc 1.00 Dep 0.50
b. Press Set Depth to set starting-edge water depth (Dep). | LEW CF 1.00
c. If needed, press Set Ice Depth (Ice); this is displayed Press Next Station

only if non-zero.
d. Press Corr. Factor to set any required correction factor (CF); see 85.2.4.
e. Press LEW/REW to toggle the starting edge of water — left or right (this is used to docu-
ment the data set and is not required).
f. When complete, press Next Station to continue.

7. Station information will be displayed (right). Stn 1 Loc 2.00
a. Press Set Location to set station location (Loc). 0.6 0.6(0.54)
b. Press Set Depth to set water depth (Dep). Dep 1.35
c. If needed press Set Ice Depth (Ice); this is displayed Enter=More

only if non-zero.
d. Use Method+ and Method- to select the method used for velocity at that station (85.2.4).
Note that the measurement depth will change at the same time.
e. If needed press Corr. Factor to set the correction factor (CF), this is displayed only if the
value is something other than 1.00.

8. When all values are correctly set, and the probe is located as desired, press Measure to start
data collection. Make sure you keep the probe’s X direction perpendicular to the tag line be-
ing used to define the stream cross section (see Figure 4, 85.2, and §88.1).

Note: You can recover if you mistakenly press Measure with an incorrect parameter or
Method. Press Abort to terminate the measurement (or let the measurement finish), and press
2 to repeat the measurement. Until one measurement is accepted at a station, you have the
ability to change all parameters. After one measurement has been accepted, Method can no
longer be changed (although other parameters can still be changed).
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9. An updating display (right) shows velocity and SNR data. | Loc 2.00 MDep .6D
Displayed values represent the running mean of data at Vel 2.23
that station. SNR 14.3

10. When the station is complete, a summary of velocity and Time 19
quality control data is shown (right).
a.

Prior to the summary screen, the data are reviewed us-
ing a variety of quality control criteria (§81.4). If any vel 2.25 oV 0.04
data are outside expected values, a warning is issued. Ang 5° SNR 15.1
The values represent the mean over the entire averaging SE"keS 0 Br_'d BEST
period after removing any spikes. LEAOBEPE AT REDEEL
Press 1 to accept the measurement and move on to the next measurement (or to the next
station if this is the last measurement for this station).

. Press 2 to repeat the measurement (using the same station number).

Note: When a measurement is repeated, data are not lost. However, you will no longer be
able to view the old data from the keypad interface. The old data are still recorded. Later,
the data can be extracted in the raw data file (*.dat) and the measurement summary file
(*.sum), but not in the discharge summary file (*.dis).

11. If there is more than one measurement at a station (e.g., 0.2 and 0.8 times the water depth),
the system will proceed to the next measurement in the series.

= When using method Multi Pt, any number of measurements for each station is allowed.

When the last measurement is complete, press End Section or Abort to end that station.

12. When a station is completed, the FlowTracker displays the next station.

a.

Location, depth, and method data for new stations are predicted using previous stations.

b. If a multiple measurement method was used (e.g., 0.2 and 0.8 times water depth), the next

C.

station will use the same method in the opposite order (i.e.; 0.8 then 0.2 times depth).

To add more stations, repeat Steps 7 through 12; otherwise, continue with Step 13.

Note: In Discharge Mode, the maximum number of stations for any data file is 100, and
the maximum number of measurements is 300. The starting and ending edges are consid-
ered stations. Station measurements that are repeated (Step 10.d.), do not count towards
the maximum number of stations.

13. Use Previous Station and Next Station to scroll through the completed station(s).

a.

Stations are sorted based on location and displayed in that order.

b. Four screens are available for each completed station; use Enter to scroll through screens.

C.

Stn 1 Loc 2.00 Stn 1 Loc 2.00
0.6 0.6(0.54) Npts 40 0.6(0.54)
Dep 1.35 Vel 2.25

Enter=More | Ang 5° Enter=More
Stn 1 Loc 2.00 Stn 1 Loc 2.00

SNR 14.5 0.6(0.54) StnQ 2.523 cfs

oV 0.04 Bnd BEST StnV 2.25 ft/s
Spikes 0 Enter=More || %Q 4.5%  Enter=More

You can edit station information using Set Location, Set Depth, Corr.Factor, Set Ice Depth.

d. Next Station and Previous Station are not active from the time the Measure key is used to

e.

start a station until the time the last measurement for that station is complete.
Measure is active only on the current (uncompleted) station.
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14. It is possible to delete or repeat a station if desired. Press Enter
a.

15.

16.

17.

f.

Use Calculate Disch. to view (right) the total discharge | TotalQ 44.234 cfs
for all completed stations. This is a temporary calcula- | RatedQ 45.000 cfs
tion and does not affect ongoing data collection. Difference -1.7%

To delete an existing (completed) station:

= All measurements at that station will be deleted. You cannot delete only one measure-
ment at a station.

= Use Next Station and Previous Station to scroll to the desired station.

= Press Delete.

= When prompted, enter 123 to confirm; any other entry keeps the station intact.

= The station is deleted, and the display returns to the current station.

. To repeat a station:

= Delete the desired station.

= At the current station, enter the location, depth, and measurement method of the station
to be repeated. Follow standard measurement procedures for that station.

= The new station data will automatically be sorted into the correct position so that dis-
charge calculations are accurate.

Data from a deleted station is not lost. However, you will no longer be able to view the old

data from the keypad interface. The old data are still recorded. Later, the data can be ex-

tracted in the raw data file (*.dat) and the measurement summary file (*.sum), but not in

the discharge summary file (*.dis).

When all stations are completed, press End Section.

a.

d.

The FlowTracker reviews all data using several quality control criteria (81.4).5martQC

= |f any stations / measurements are outside expected values, a warning is issued and these
measurements are displayed.

= You can review data and repeat or add measurements to ensure optimal data quality.

. When the review is complete, the ending-edge screen is shown. At this point, enter the

ending-edge information. This screen works just like the starting-edge screen (Step 6).

Next Station and Previous Station can be used to view/edit other stations.

= To add new measurements, press the Measure key and confirm when prompted that you
wish to re-open the file and add measurements.

When all values are correctly set, press Calc. Disch. to complete discharge calculations

and close the file.

After final discharge calculations are complete, nine data screens are available (next page
and Table 5-3).

a.
b.

Press Enter to move between the different display screens.

Press Previous Station from any file summary screen to view the station data. You can
then scroll through all station data using the Next Station and Previous Station keys. Press
Next Station from the ending edge screen to return to the file summary screens.

Press 0 to return to the main menu. Note: The 0 key is only active when the display is show-
ing the discharge summary. If you have scrolled back to a previous station to view data, you
will not be able to exit until you scroll forward to the discharge summary.

IMPORTANT:

Always return to the Main Menu before turning the system off to ensure all data has been saved.
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TotalQ 44.234 cfs
RatedQ 45.000 cfs
Difference -1.7%
O=Exit or Enter=More

Q Uncertainty 3.5%
Largest Source

Num Stations
O=Exit or Enter=More

Num Stations 27

V Mean 1.43 ft/s

V Max 2.21 ft/s
O=Exit or Enter=More

Width 23.000 ft
Area 47_.350 ft/2

O=Exit or Enter=More

Depth Mean 2.77 Tt
Depth Max 3.15 ft

O=Exit or Enter=More

SNR Mean 16.5 dB

cV Mean 0.05 ft/s
Temperature 61.2°F
O=Exit or Enter=More

Start Height 4.900
End Height 5.000
Change 0.100 ft
O=Exit or Enter=More

File 555312.100
Mode: Discharge
2001/06/25 14:24:15
O=Exit or Enter=More

Site

Poudre River FC
Operator Billy Bob
O=Exit or Enter=More

Table 5-3. Items Displayed on Summary Screens (Discharge Mode)

Label Description English Units | Metric Units
RatedQ Rated discharge ft®/s m¥/s
TotalQ Calculated discharge ft®/s m¥/s
Q Uncertainty |Uncertainty in discharge measurement (85.2.5) % %
Stations Total number of stations (including edges) - -
MeanV Mean velocity (equals discharge / area) ft/s m/s
Max V Maximum station velocity ft/s m/s
Width Total width ft m
Area Total area ft* m?
Mean Depth Mean river depth (area / width) ft m
Max Depth Maximum station depth ft m
MeanSNR Mean signal to noise ratio; §1.4.2 dB dB
MeanoV Mean standard error of velocity; §1.4.3 ft/s cm/s
Temperature Mean water temperature. oF °C
Sta_lrt / End First and last gauge height values, and the difference ft m
Height, Change |between the two; §2.6
Site Site name - -
Operator Operator name

47

FlowTracker Technical Manual (July 2007)




SonTek/YSI

48 FlowTracker Technical Manual (July 2007)



SonTek/YSI

Section 6. PC Software for the FlowTracker

The FlowTracker software (Figure 9) is intended to be largely self-explanatory; this section is
provided for reference purposes. The software can be found on the CD included with the system
or downloaded from the SonTek/YSI website at www.sontek.com.

6.1.

Installing Software

To install the PC-based FlowTracker software on your computer:

FlowTracker software is compatible with Windows 2000 and XP.
Insert the distribution CD in your computer.
An installation menu should automatically appear after the CD has been inserted.
o If the installation window does not appear in a few seconds, click Start | Run and type
d:\install.exe where d:\ is the letter of your CD-ROM drive.
Click the FlowTracker Software Installation button from the software installation menu.
Follow the on-screen installation instructions.
We also recommend installing SonUtils.
Click the sonUtils Software Installation button from the software installation menu.
Follow the on-screen installation instructions.

Links to the FlowTracker User’s and Technical manuals are provided in the software.

Figure 9 — FlowTracker Launch Window
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49


http://www.sontek.com/�

SonTek/YSI

6.2. FlowTracker Windows Software

The FlowTracker Windows software package is used for all major FlowTracker functions.
e To run FlowTracker, click Start | Programs | SonTek Software | Flow Tracker.

Figure 9 shows the FlowTracker software launch window. From the launch window:

e Click Open a FlowTracker File to display and export data from a single data file, see 86.3.

0 Select data export options using Program Settings.

0 Select the desired output data and file formats; several are available.
= Discharge Summary Report: A graphical report for easy viewing and printing.
= ASCII Discharge File (DIS): Final data results in a self-explanatory form that is easy

to integrate with database utilities.

= ASCIl Summary File (SUM): Velocity and quality control data from all measurements.
= ASCIl Raw Data File (DAT): Raw, one-second velocity and SNR data.
= ASCII Control File (CTL): System configuration data.

0 Output formats should be self-explanatory and can include optional column headers.

e Click open many FlowTracker files/folders to display and export data from multiple Flow-
Tracker files or folders. This operation is referred to as Batch Export. When this item is se-
lected, the Batch Export window is displayed (Figure 10). Use the Add File and Add Folder
buttons to add files/folders for processing. When a folder is added, all FlowTracker files in
that folder are processed. Items may be removed from the list by selecting them and clicking
Remove. When Export is clicked, all the listed files/folders are processed using the options
selected from the main menu. If Show Discharge Summary Report is selected, all files will
be added as tabs to the main window.

e Click Connect to a FlowTracker to establish communications with a FlowTracker connected
to a COM port on your computer. After clicking Connect, you have the following options.

0 Recorder — Download data files from the FlowTracker to your computer; see §6.4.
0 BeamCheck — Perform detailed system diagnostics; see §6.5.

Batch Export

ChASonDataiFlow Trackerbdy Siteh2005-11 Add File
ChSonDatabFlowTrackeriy Siteh2005-12
CiSonData\FlowT rackenbty Site\2006-01403275600.343 wad _AddFoider |

Remowve

E wport | Cloze |

Figure 10 — Batch Export Window
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6.3. Data Display and Export

FlowTracker data files are recorded in a compact binary format. The FlowTracker software is
used to access these files, generating a graphical data report and various ASCII output files, each
containing a particular type of data. To access the binary data files, use the following steps.

¢ Run the FlowTracker software (click Start | Programs | SonTek Software | FlowTracker).
e Download data from the FlowTracker to your computer as described in 86.4.
e Click pProgram Settings to specify the output units system, language settings, and (if desired)
a fixed output directory for all ASCII output files (Figure 11). Click OK when done.
0 Language settings affect the software display, data report, and all ASCII output files.
o Specify a different output directory for the ASCII files (if desired) using the Browse but-
ton in the Export Settings section (Figure 11).
0 You can include a logo to be added to all FlowTracker data reports if desired. Click
Browse in the Report Logo section.
e Select the desired output file types (Figure 12).

O Show Discharge Summary Report: Figure 13 and Figure 14 show the final discharge cal-
culation and measurement summary report in tabular and graphic form. This includes
automatic quality control analysis to flag measurements that may include suspect data.
Export ASCII Discharge file (DIS): Final discharge calculation data and overall measure-
ment summary. The most widely used output file, especially for database integration.
Export ASCII Control file (CTL): System configuration data.

Export ASCIl Summary file (SUM): All mean data recorded with each measurement.
Export ASCII Data file (DAT): Raw one-second velocity and SNR data.
Export FlowPack file (FPX): Binary file for use with SonTek’s FlowPack software.

0 Put Headers on ASCII files: Adds/removes column headers from above ASCII files.
¢ Click the Open a FlowTracker file or Open many FlowTracker files/folders button; use the

browse window to select FlowTracker binary files/folders (file extension *_.wad).
o FlowTracker looks for data files with the *.wad file extension and generates the selected re-
ports and output files selected (Figure 12). All output files use the same base file name with

different extensions based on the content of the files. Important: FlowTracker does NOT
prompt before overwriting the ASCII output files. Be sure any modified files, or files using the
same file name, have been moved to a different folder before extracting the ASCII data.

Table 6-1 describes the parameters reported in FlowTracker output files.

o

O o0oO0o

© English Units
@ Metric Units
@ Export files to the same directory as the data file
' Export files to fixed directory: I C\SonData
Select an image file that will be used as the logo in the report header
Mote: Images are recormmended 1 be no more than S00 pixels wide by 100 pixes high.
Browse
Delete
Select Language |Eng\ish =1
Ok Cancel |
Figure 11 — FlowExporter Options Window Figure 12 — Output File Options
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Discharge Measurement Summary

52

Cate Generated: Fri Aug 25 2005

File Information Site Details
Filz MHarne DermoData,wad Site Marme
Start Date and Time 2001708,/15 12:58: 16 Cperatoris)
System Information Units {Metric Units}) Discharge Uncertainty
Sensor Type Flowy Tracker | | Distance m Category (1] Stats
Serial # Po3 Welocity mys ACCUracy 1.0%)  1.0%
CPLI Firraware Wersion 2.0 Area m™z2 Depth 0,1% 1,29
1.95 Cischarge 3= valocity 0.5% 1.6%
T o, =]
o
Averaging Int, 40 # Stations 25 - -
Start Edge LEWY Total width 73.762 # Stations 2.0% -
Mean SHR 243dB  Total Area 21,111 Overall 2:9%] _2.3%
Mean Temp 2712 °C Mear Depth 0.422
Disch, Equation Mid-Section  Mean Welocity 0.2783
Total Discharge 8.6585
Measurement Results
St | Clock | Loc | Method | Depth | %oDep | MeasD vel CorrFact | Mean¥ | Area Flow | %0
0 12:58 305 Mone 0,000 0.0 0,000 0,000 1.00 0.0000) 0,000 0.0000f 0,0
1| 1258 6. 10 0.6 0,186 0.6 0.074 0.2264 1.00 0.2264| 0,567 0, 12583 1.5|
2 12159 9.14 0.6 0,305 0.6 0,122 0.,2748 1.00 0.2748 0,929 00,2553 2.9'
3 1m0z 12,19 0.6 0,433 0.6 0,173 0,3781 1.00 0,378 1,319 00,4953 S.Eil
4 1303 1524 0.6 0.515 0.6 0.z07 0.4307 1.00 0.4307 1,579 0.6301 ?.'.:JI
5 1304 15,29 0.6 0,491 0.6 0,196 0.4745 1.00 04748 1.496 0.7101 8.2'
6 1305 21.34 0.6 0515 0.6 0,206 0.3759 t.o0  0.37a9) 15700 05949 6.9
13068 24,38 0.6 0.619 0.6 0.247 0.2571 1.00 02571 1.886 0.4343 5.6
a8 1308 27.43 0.6 0,710 0.6 0,284 0.2929 1.00 0.29429 2.164 0.5257 6.1
9 1309 3045 0.6 0,650 0.6 0,272 02553 1,00 0,2553 2.07:2 0,5259 6.1
100 13:10] 33,53 0.6 0671 0.6 0,268 00,2436 1.00 0.2426) 2,044 0.4973 5.7
11 1311 36,58 0.6 0,640 0.6 0,256 0.2844 1.00 0.2e44| 1,951 0.5155 &.0)
12 13112 39.62 0.6 0,607 0.6 0,245 0,3181 1.00 0,31581] 1.849 0, 5550 E-.BI
13 1313 4267 0.6 0,509 0.6 0,204 0.3704 1.00 0.3704) 1,551 0,.5747 6.6'
14 13:14] 45,72 0.6 0,451 0.6 0,180 0,3675 1.00 0,3675 1,375 00,5053 S.BI
15 13115 48,77 0.6 0,372 0.6 0,149 03421 1.00 03421 1,133 0,3577 4.5'
16 13:1e| 51.82 0.6 0,317 0.6 0,127 00,2935 1,00 0,2935 0,966 0, 2535 3.3'
17 13138 54.86 0.6 0,271 0.6 0,108 00,2303 1.00 0,2303 0,827 0, 1904 2.2'
18 13119 57.91 0.6 0,256 0.6 0,10z 0,195 1.00 0,195z 0,780 0.1523 1.8
19 1320 60,96 0.6 0,259 0.6 0,104 0,1514 1.00 0,1314] 0,789 0,1037 1.2
20 1321 &40 0.6 0,293 0.6 0,117 0.1193 1.00 0.1193 0,892 01064 1.2
21 1322 e7.08 0.6 0,351 0.6 0,140 0.1196 1.00 0.1196)  1.068 012738 1.5
22 1323 70,10 0.6 0,421 0.6 0,165 0.1147 1.00 0.1147 1,282 0.14700 1.7
27| 1325 7RIS a8 8305 a5 2.122| o069 1.0 ooews| 1022 o7 8.8
24 1325 Y6.81 More 0,000 0.0 0,000 0,000 1.00 0.0000) 0,000 0,0000f  0,0f

Rows in ikalics indicate a QC warning, See the Quality Contral page of this repart Far mare information,

Figure 13 — FlowTracker Discharge Measurement Summary Report (Top Half)
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Figure 14 — FlowTracker Discharge Measurement Summary Report (Bottom Half)
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Table 6-1. Description of Output Parameters

Label Description English | Metric
St Station number. Note: Stations may include more than one measurement.
Burst or measurements number. Even measurements not used for final cal-
# . . )
culations are recorded and output in the .sum and .dat files.
Clock Measurement time from FlowTracker clock
Loc Station location ft m
Locl Station location value 1 (general mode only) ft m
Loc2 Station location value 2 (general mode only) ft m
Method | Discharge measurement method (85.2.4)
Depth Water depth ft m
Depthl Water depth 1 (when RepeatDepth enabled, normally with Japanese dis- ft m
charge equation)
Depth2 Water depth 2 (when RepeatDepth enabled, normally with Japanese dis- ft m
charge equation)
MeanD Mean water d_epth (when RepeatDepth enabled, normally with Japanese dis- ft m
charge equation)
IceD Ice depth, water surface to bottom of ice or slush ft m
Measurement depth location, as fraction of the effective depth. Effective
%D depth is water depth minus ice depth. This value is referenced from the sur-
face down (e.g., 0.6 indicates 0.6*depth down from the surface).
MeasD Measurement depth location, in depth units. This value is referenced from the ft m
bottom (e.g., 0.40 m up from the bottom).
Vel Mean X velocity ft/s m/s
MeanV | Mean station velocity ft/s m/s
VX Mean X velocity ft/s m/s
Vy Mean Y velocity ft/s m/s
Vz Mean Z velocity ft/s m/s
VelX Raw 1 second X velocity ft/s m/s
VelY Raw 1 second Y velocity ft/s m/s
Velz Raw 1 second Z velocity ft/s m/s
CorrFact | Correction factor used to scale measured velocity
Area Station area ft” m’
Flow Station discharge ft'’s | m’ls
%Q Percent of total discharge % %
Npts Number of samples in measurement; one sample collected per second
Spike Number of spikes removed before calculating mean values
SNR Mean Signal-to-Noise Ratio dB dB
SNR1 Signal-to-Noise Ratio beam 1 dB dB
SNR2 Signal-to-Noise Ratio beam 2 dB dB
SNR3 Signal-to-Noise Ratio beam 3 dB dB
Angle Velocity angle calculated as atan(Vy/Vx) ° °
Verr Standard error of X velocity (§1.4.3) ft/s m/s
VXErr Standard error of X velocity (81.4.3) ft/s m/s
VyErr Standard error of Y velocity (81.4.3) ft/s m/s
VzErr Standard error of Z velocity (§1.4.3) ft/s m/s
Bnd Boundary QC measurement (§1.4.4); 0=Best, 1=Good, 2=Fair, 3=Poor
Temp Water temperature °F °C
ASD1 Standard deviation of SNR data, beam 1 dB dB
ASD2 Standard deviation of SNR data, beam 2 dB dB
ASD3 Standard deviation of SNR data, beam 3 dB dB
Batt Battery voltage V V
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6.4.

Download Data Files (Recorder)

When you have connected to a FlowTracker system, the Recorder module (Figure 15) becomes
available. Recorder is used to download binary data files from the internal recorder (86.4.1), and
to format (erase) data files from the internal recorder (86.4.2).

It establishes communication with the FlowTracker.

It downloads a directory of files on the internal recorder.

The user specifies which files to download and a destination directory.

The software enters a special download mode at a higher baud rate (usually 57600) and
downloads the specified files at this rate.

It allows you to format (erase) the recorder.

6.4.1. Recorder Downloading Steps

The following steps describe how to download data files from the FlowTracker’s internal re-
corder to your computer. Note: Files are downloaded with the *.wad file extension.

Click Recorder to open the dialog box (Figure 15). This action will establish communication
and display the recorder’s directory. Note: The Recorder option is only available after you
have successfully connected to a FlowTracker system.

Select one or more files from the

display list. You can: Recorder K|

o Click one file to select it. ~ Recorder File Listing:
o Hold Control or shift and click | | | Mame | Sieel  Date | Time | =
ries of files. DEF040 416 11/14/2002 1803
‘éf’.e kes ories | ! DEFD39 A6 11/414/2002 18:03
0 Click Select All to select a DEF033 #16 11A42002 1802
files on the recorder. DEFO37 416 1141442002 1802
DEFO36 11186 1171472002 1758

Set the download Baud rate.

DEFO35 a6 11 AM4/2002 17:56

ORecorder uses a higher rate to | I'iEFA34 #16  11A14/2002 1756
download files (compared to DEF033 416 11114/2002 17:56
.|| DEFO32 #6  11A4/2002 1753
the standard system communi DEFD31 M6 11A4/2002 1752
cation rate). The default DEF030 416 11/14/2002  17:49
download baud rate is 57600. DEF023 416 11114/2002 17:48
_ || DEFDZ8 HE  11A4/2002 1747
0 If you have trouble download DEF027 ME 111472002 1746
ing data, try using a slower DEF026 fE 142002 17as
download baud rate. Used Space: 16.25 MB Files: 173

Specify a Destination folder (Or
use the Browse control). Free Space: BS00ME | Seleotal | Format |
Click Download to copy all the

lected files to the specified || oo
selected files to the specifie
Baud rate 115200 hi

folder. Note: A Cancel control I =
will appear to let you abort the Destination folder:
download process. IE:'\F‘ngram FileshSonT ek Browse... |
Watch the status area at the bot-
tom of the dialog box to view the
download progress. | _ Dowrioad_|
Select more files to download, or

) i il ! ! | Cl |
Close the Recorder dlalog box. |Se|eu:t files and click 'D'ownload’ to start] Lloze

Figure 15 — Recorder Dialog Box
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6.4.2. Recorder Formatting Steps
The following steps describe how to format (erase) the FlowTracker’s internal recorder.

e Click Recorder to open the dialog box. This action will establish communication and dis-
play the recorder’s directory. Note: The Recorder option is only available after you have
successfully connected to a FlowTracker system.

e Caution: Ensure that all desired data files have been downloaded to your computer (86.4.1)
before executing the Format command. Note that all files will be erased from the recorder;
that is, there is no option to erase individual files from the recorder. Files cannot be recov-
ered from the recorder after it has been formatted.

e Click Format, and then OK (or Cancel) to verify your decision to format/erase the recorder.

e Close the Recorder dialog box.

e The recorder can also be formatted from the keypad interface (see §82.5.3).
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6.5. Diagnostic Software (BeamCheck)

BeamCheck (Figure 16) is a diagnostic program used to verify FlowTracker performance.

e This is the same diagnostic program used at SonTek. It provides you with a powerful tool

for understanding and verifying system performance.

e We recommend you become familiar with this software and use it on a regular basis.

Typically, BeamCheck operates by sending a pulse of sound into the water, and then plots the
signal strength of the return signal versus range for each of the FlowTracker’s receivers. This in-
formation can be evaluated to determine the effective measurement range, to look for interfer-

ence from boundaries/structures, to survey a deployment site, or to observe the quality of the re-
turned signal. General program information is provided in 86.5.1 through §6.5.4. Example

BeamCheck outputs are provided in §6.5.5 and §6.5.6.

Beam Check [Ty Work Working Manuals FlowTracker_30%Figures_new\SampleFTome] | x|
Be Ednt Yew Psams Flayback Opoons
&  Open |ﬂ Fause H Cioss Averagng J
Ping Maige {(courls) Peak Pos (om) Peak Leval (counts) Flevhack spead: B
33/33 T3 1254 123 -
Fings &veraged 47 1224 1M 5 Mz
13 LTy
FlowTracker #F1108 - B/1172006 2:12:44 PM [Averaged:. 33 pings)
250 250
Start Record Averaging
« | Button Button Button -
o RINGINE  Sampling Boundary &
Volume Reflection
:_:é- ITI M “-j
Noise
; Level |
0 5 10 16 20 5 3 35 4 45
Figure 16 — BeamCheck Main Window with Sample Output
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6.5.1. BeamCheck Overview

In BeamCheck, the FlowTracker sends a pulse of sound and outputs the return signal strength for
each receiver as a function of time. Features in the signal strength profile verify different aspects
of system performance (Figure 16).

The horizontal axis indicates the range from the FlowTracker probe (in cm).
The vertical axis is in internal signal strength units called counts (1 count = 0.43 dB).
Ringing from the transmit pulse appears on the left side of the graph.
The location of the sampling volume is indicated by increased signal strength in a bell-
shaped curve.
o The sampling volume curve corresponds to the transmit pulse passing through the focal
point of the receivers.
0 The peak of this curve corresponds to the center of the sampling volume.
o The location of the sampling volume varies, but is typically 10-12 cm.
o All receivers (2 or 3) should see the peak in the same location, although there will be
variation in the height and shape of the curve.
A sharp spike indicates a boundary reflection (if a boundary is within range).
o If the probe is close to a boundary, a sharp reflection should be seen.
0 The size and shape of this reflection will vary depending on the nature of the boundary
and its distance from the FlowTracker.
Signal strength decreases to the electronic noise level past the boundary.

When using BeamCheck, it is important to understand that the output plot will vary considerably
because of the nature of acoustic scattering.

Each of the items described above should be visible (Figure 16).

If no sampling volume peak can be seen, try adding some fine dirt or other seeding material
and stirring the water to increase the signal strength (88.6).

If the BeamCheck output differs significantly from the sample shown here, refer to 86.5.5
and 86.5.6 for more details about interpreting this data.
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6.5.2. BeamCheck Menu and Control Items
This section describes BeamCheck menu and control items.

e File Menu

0 Open — Opens a previously recorded beam check file (.omc) for playback and review.

O Record — Starts the data recording process if you wish to store the real-time information
being displayed to a data file. You will be prompted for a file name and location.

o Print — Sends the currently displayed graph to a selected printer.

0 Close — Closes the currently selected beam check file (.bmc), but not the main window.

0 Exit — Stops the beam check process and closes the Beam Check window.

e Edit Menu

0 Copy — Sends the currently displayed graph to the Windows clipboard. You can then

“paste” the graph in another program such as Microsoft Word.
e View Menu

0 Amplitude — Sets the graph to display a representation of signal strength versus time.

0 Sine/Cosine — Not used.

O Show range as X-Axis — Sets the X-axis of the graph to display signal strength data in me-
ters rather than number of samples.

O Show decay curve — Not used.

e Beams Menu

0 Beam 1/2/3 — Lets you select which combination of beams to display. Beam 3 is disabled
on 2-beam systems.

0 All beams — Displays data for all the beams.

e Playback Menu

O Start/Replay — Begins the process of displaying either real-time (Start) or previously re-
corded (Replay) data to the graph and tabular displays.

0 Pause — Toggles between either pausing or continuing the display of data.

0 Stop/Close — Ends the process of displaying real-time data or closes a file being replayed.

e Options Menu

0 Averaging — Smoothes the display of data by continually averaging successive pings. The
number of pings that have been averaged is shown in the Pings Averaged box. By averag-
ing the pings, a more representative display of the data is shown.

O Force high-speed connection — Sets the computer-to-instrument interface to a higher
baud rate so that data updates occur more quickly. The default for this feature is ON. You
should only turn this feature OFF if you experience communication problems.

e Controls (e.g., buttons, slide switches)

0 Open — Opens a previously recorded beam check file (.omc) for playback and review.

o Start / Replay — Begins the process of displaying either real-time (Start) or previously re-
corded data (Replay) to the graph and tabular displays. If no previously recorded data file
has been opened, the button says Start; if a file has been opened, the button says Replay.

0 Pause — Toggles between either pausing or continuing the display of data.

0 Stop / Close — Ends the process of displaying data. If no previously recorded data file has
been opened, the button says Stop. If a file has been opened, the button says Close, and
will now function to both stop the display of data and to close the data file.

O Record — Starts the data recording process if you wish to store the real-time information
being displayed to a data file. You will be prompted for a file name and location. From
that point on, the data that is being displayed will be recorded until you click Stop.
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0 Averaging — Smoothes the display of data by continually averaging successive pings. The
number of pings that have been averaged is shown in the Pings Averaged box. By averag-
ing the pings, a more representative display of the data is shown.

0 Ping Selector (slide control next to Averaging button) — Lets you select an individual
“ping” to display. Click and drag the slider to select the desired ping number (shown in
the Ping box). When used, the Averaging feature is disabled.

0 Playback Speed (slide control) — Lets you change the rate at which playback data is dis-
played. Click and drag the slider to the desired playback speed. Values in Hz display data
faster than values in seconds. For example: a setting of 50 Hz will replay data at a rate of
50 pings per second, while a setting of 10 s will display a ping every 10 seconds. The de-
fault for this setting is 5 Hz (i.e., data replayed at a speed of 5 pings per second).

0 Zoom In/Out (Mouse control) — To zoom-in on a particular area of the graphic display, use
your mouse to click-and-drag a box around the desired area (see Figure 17). You can also
zoom-in just by clicking on a particular feature within the graph. To zoom-out, right-
click your mouse anywhere on the graph to step through the zoom-out levels. The click
point will coincide with the center of the zoom.

Beam Check [C:Program Files".SonTek"SonUtils" BeamData' AD¥0.bmc]
File Edit ‘iew Plavback Options

&= Open = Replay Pause Cloze o =5 Averaging
Ping Muoize [counts] Peak Pos [cm) Peak Level [counts] Plavback speed:
8/27 Beam 1 G4 17.28 144 =
Pings &veraged Beam 2 &7 16.92 144 = 5Hz .
. Beam 3 54 1692 145 T -

ADY #B8199H - 01408/03 12:11:56

250 — 250
Graph Title
Ping Selector
200 — —200
Time-to-next-
Z 150 ping indicator
Ell 100 — i i —100

50— —a0

Click and drag cursor to zoom in
(right-click to zoom out)

| | | | | | | | | |
1] 10 20 30 40 a0 G0 7a =] a0

Range (cm)

Figure 17 — BeamCheck Playback Example
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6.5.3. BeamCheck Display Features

This section describes BeamCheck display features (Figure 17).

Ping — Indicates the number of the transmitted pulse (i.e., “ping”) that is currently being dis-
played on the graph and in the tabular data boxes. If real-time data is being displayed, only
the current ping number is displayed. If previously recorded data is being displayed, both
the current ping and the total number of recorded pings are displayed. For example, 3/ 27
means ping number 3 from a data set containing 27 pings is being displayed.

Pings Averaged — When Averaging has been selected, this box indicates the number of pings
that have been averaged together for the currently displayed graph and tabular data.

Noise — Shows the electronics noise level for the receiver of each beam. This value is de-
termined by the signal strength when the instrument is not receiving any return reflections
from the water. This value should match the signal strength for the flat portion of the graph.
The noise value is displayed in “counts”.

Peak Pos — This is the location of the center of the peak for the sampling volume for each of
the receivers. The displayed value can be in either centimeters (cm) or counts, depending on
the setting of the Show range as X-Axis option. The position of the peak should be about the
same for each receiver.

Peak Level — This is the height of the peak for the sampling volume for each of the receiv-
ers. This will vary depending on the amount of scattering material in the water.

Graph Title — A title bar appears within the graph itself (Figure 17). This title bar shows the
type of instrument (e.g., ADV, FlowTracker), its serial number, and the date/time that data
collection began. Time is displayed in the format set within the Windows Control Panel
(Start|Settings|Control Panel|Regional Options|Time).

Graph Range/Samples (X-axis) — The graph itself shows a plot of the return signal strength
for each beam as a function of time following the transmit pulse. The “time” portion is
shown along the graph’s X-axis. This value can be shown as a function of range (in meters)
or as a function of samples depending on the setting of the Show range as X-Axis option.
Graph Amplitude (Y-axis) — The graph itself shows a plot of the return signal strength for
each beam as a function of time following the transmit pulse. The “signal strength” portion
is shown along the graph’s Y-axis. This value is shown in “counts”.
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6.5.4. BeamCheck Operation
To run BeamCheck:

e Hold the FlowTracker in a small tank or bucket of water (or in a natural environment) such
that the probe is submerged and there is a boundary (surface, side, or bottom) within view.

o Ideally, the boundary should be placed 20-30 cm (8-12 in) from the probe.

0 You may need to add a small amount of fine dirt or other seeding material and stir the
bucket well for good test conditions. Regular tap water usually does not have enough
scatterers (seeding) for a valid test.

e Connect the FlowTracker to the computer and turn the system on.

¢ Run the FlowTracker software (click Start | Programs | SonTek Software | FlowTracker).
e Click connect to a FlowTracker. Select the correct COM port and click Connect.

e Click BeamCheck.

e To view real-time beam check data:

o Click start. This establishes communication with the instrument and starts data display.

0 Use the menu and control items (86.5.2) to alter the display of data as desired.

0 See 86.5.5 and §86.5.6 for examples of how to interpret the data.

o Click stop to end the display of data.

0 Use File|Exit to close the Beam Check window.

e To record real-time beam check data for later playback:

o Start the display of real-time data as described above.

o Click Record to save all data to a file. You will be prompted for a file name and storage
location. Typically, a minimum of 20 pings is required for proper data analysis.

0 Use the menu and control items (86.5.2) to alter the display of data as desired. The re-
corded data is not affected; only the display of data is affected.

o Click Pause or Stop to interrupt or end data collection.

e To play back previously recorded beam check data (using a .bmc data file):

o Click open to select a previously recorded beam check file (.bmc).

o Click Replay (or Pause) to start the playback of data.

0 Use the menu and control items (86.5.2) to alter the display of data as desired. The re-
corded data is not affected; only the display of data is affected.
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6.5.5. Sample Program Output
BeamCheck operates in the following manner.

e The FlowTracker transmits a pulse of sound. It then receives the return signal strength for
each of the 2 (or 3) receivers as a function of time following the transmit pulse.

e Features in the return signal strength profile are used to verify different aspects of system
performance.

e The software also plots sine and cosine channel versus time for each receiver. These are
used for internal diagnostics at SonTek and are not needed for user diagnostics. The sine
and cosine outputs are not discussed in this manual.

The plot of signal strength versus time shows several features (Figure 18):

Ringing from the transmit pulse.

Increased signal strength in a bell-shaped curve corresponding to the sampling volume.

A sharp spike from the boundary reflection, if within range.

Signal strength leveling to the electronic noise level past the boundary.

The display is updated every =5 seconds (each plot is the average of a number of samples).
The horizontal axis is in FlowTracker timing units; time corresponds to the distance from
the transmitter. One count axis equals 0.06 cm (0.15 in).

e The vertical axis is in internal signal strength units called counts (1 count = 0.43 dB).

Each feature of the BeamCheck signal strength plot is described in detail below.

x|
&  Open S Fouse B Closs Averagng J
Fing Moiza {cours) Peak Pos (cm) Feak Lewval (counts) Flevhack spesd: [
33733 15 1254 123 -
Fings fveraged 47 1224 121 5 Mz
kR &
FlowTracker #F1108 - BI1R2006 221244 PM [Averaged: 33 pings)
<ol 250
Start Record Averaging
- |Button Button Button -
£ RINEINE  Sampling Boundary
Volume Reflection
TE 100 I W, 100
) ‘%&‘
50 : ]
Noise
0 Level ,
0 5 10 15 20 K 3 15 F! 5

Figure 18 — BeamCheck Sample Output Screen
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The first =5 cm of the horizontal axis is electronic “ringing” following the transmit pulse.
The transmit pulse is generated by a strong electrical signal, and requires some time for the
electronics and transducers to recover.

If there is sufficient scattering material in the water, there will be an increase in signal
strength in a bell-shaped curve that corresponds to the transmit pulse passing through the
focal point of the receivers. The peak of this curve corresponds to the center of the sampling
volume. The location of the center of the sampling volume varies from probe to probe but
typically is in the range of 10-12 cm. All receivers (2 or 3) should see the peak in the same
location, although there will be variation in the height and shape of the curve.

If the probe is close to a boundary (bottom, surface, or side), a sharp reflection should be
seen. The size and shape of this reflection will vary depending on the nature of the bound-
ary, its distance from the FlowTracker, and the acoustic conditions of the water. We can es-
timate the distance from the probe to the boundary by the location of the boundary reflec-
tion. In Figure 18, this occurs at about 30 cm from the probe.

After the boundary reflection, the signal strength flattens out in the region where there is no
reflected signal from the water. The value at which it flattens out is the electronics noise
level. This noise level is typically about 30-70 counts; it is also shown in the tabular display
at the top of the screen. An easy way to measure the instrument noise level is to run Beam-
Check when the probe is not in the water. In this case, the entire plot should show a constant
return at the instrument’s noise level.

When using BeamCheck, it is important to understand that the output plot will vary consid-
erably because of the nature of acoustic scattering. The shape and height of the return sig-
nal, particularly the bell curve for the sampling volume, will show considerable variation
between updates. When using the program for diagnostics, look at the general shape of the
curve and for features that are consistently present.
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6.5.6. Diagnosing Hardware Programs with BeamCheck

BeamCheck can be used to detect most problems that can occur with a FlowTracker. This section
describes the program output for some possible situations.

Low Scattering Strength (Figure 19)

If there is insufficient scattering material (e.g., very clear water), the sampling volume peak will
be small or non-existent. This situation can be confused with a malfunctioning transmitter

(see Figure 20) unless the boundary is in view. Note that in Figure 19 we clearly see the bound-
ary reflection at =23 cm, but do not see a sampling volume peak around 10 cm. In this situation,
place a small amount of seeding material in the water to act as scattering material (fine dirt or
clay will work quite well; see 8§8.6).
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1313 Beam1 | &l | 13.14 | 33 -
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Figure 19 — BeamCheck Output with Low Scattering Strength
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Malfunctioning transmitter (Figure 20)

This appears as a flat response with signal strength at the normal noise level. This can be con-
fused with a disconnected probe or low scattering levels (see Figure 19). Note the absence of a
boundary reflection to distinguish this from low scattering levels.
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Figure 20 — BeamCheck Output with Malfunctioning Transmitter
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Malfunctioning receiver(s) (Figure 21)

The signal from each receiver should have approximately the same strength as the sampling vol-
ume. If the differences exceed 10-20 counts, clean off the each transducer and make sure the
beams are not physically blocked before calling SonTek.

Damaged receiver arm (no Figure provided)

If the sampling volume in one receiver is offset along the horizontal axis, it means the receiver
arm has been physically bent. A bent arm will change the FlowTracker calibration and will affect
the accuracy of velocity data. Contact SonTek if you have a damaged probe for details about re-
pair options.
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Figure 21 — BeamCheck Output with Malfunctioning Receiver
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Excessive noise (Figure 22)

If the electronics noise level is more than 10 counts above its normal level, it may be a sign that
something is wrong. Likewise, if the noise level between beams is significantly different (as in
Figure 22), this may indicate a system problem. The noise level may also be higher than normal
because of external electromagnetic interference, or because water has condensed on the receiver
electronics.
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Figure 22 — BeamCheck Output with Excessive Noise
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High signal strength past the boundary (Figure 23)

If the signal strength does not fall off rapidly past the boundary, the additional acoustic noise can

potentially increase the noise in velocity measurements. This additional acoustic noise is most

commonly seen in small tanks, particularly when built from acrylic or glass. While it may occur

during testing in the office or laboratory, it is rarely a factor during field operations with the
FlowTracker.
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Figure 23 — BeamCheck Output with Noise Past Boundary
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Section 7. Hardware

7.1. Cables and Connectors

7.1.1. Probe Cable
The ADV probe is connected to the handheld controller by a 200-cm (80-in) cable.

e This is a custom built, highly noise-sensitive cable.

e [t is permanently attached to the handheld controller.

¢ Avoid damage to the cable, especially cuts to the jacket or sharp bends that could damage
internal conductors. Damage to the cable can severely affect FlowTracker operation.

e A longer cable (300 cm; 120 in) is available for special applications. It is not possible to up-
grade an existing system to a different cable length.

7.1.2. External Power/Communication Cable

A cable is supplied that lets you interface the handheld controller to an external PC and power
supply. This cable has three connectors.

e A 5-pin waterproof connector matches the connector on the handheld controller.

o A female DB9 connector matches the serial port on a standard PC.

e A 2-pin connector matches the FlowTracker external power supply (optional). You can use
the external supply to conserve battery power when downloading data or when testing the
system.

Table 7-1 shows the wiring of the power/communication connector.

Table 7-1. Power/Communication Cable Connector Wiring

5-Pin Connector Function DB9 Female 2-Pin Connector
Pin A Power (6-15 VDC) | Not connected Pin 1
Pin B RS232 Data Out Pin 2 Not connected
Pin C RS232 Data In Pin 3 Not connected
Pin D RS232 Ground Pin 5 Not connected
Pin E Power Ground Not connected Pin 2
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7.2. Power Supply

7.2.1. Input Power
The FlowTracker operates on 6-15 VDC input power.

e An input voltage greater than 15 V will seriously damage the electronics.

e The FlowTracker draws about 1.0 W during data collection (with the LCD backlight off).
o The LCD backlight increases total power consumption to about 2.0 W.

e When off, the FlowTracker draws a small residual current (=0.5 mA).

The FlowTracker will not start data collection unless the input voltage is at least 7.0 V.

e Voltage less than 7.0 V indicates the batteries are drained.

e If voltage is below 7.0 V when the FlowTracker is turned on, it will display a low battery
warning and force the system to power down.

e |f voltage is less than 7.0 V when a data collection run is started, the FlowTracker will dis-
play a low battery warning and force the system to power down.

o If voltage is less than 8.0 VV when a data collection run is started, the FlowTracker will dis-
play a warning but allows you to continue data collection if desired.

¢ |f voltage drops below 8.0 V during data collection, the FlowTracker will display a warning
message. Data collection should be stopped and batteries replaced to prevent loss of data.

To Avoid Draining of Batteries When System is Not in Use
e Always turn the system off before storing the system.
e When off, the FlowTracker draws a small amount of current from the batteries (=0.5 mA).
e The current would drain a new set of alkaline batteries is 6-8 months.
o |f the system will be left unused for a long period (more than 1 month), remove the batteries
to prevent them from being drained unnecessarily.
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7.2.2. Batteries

The FlowTracker uses eight AA batteries: alkaline, NiMH, or NiCad. Table 7-2 compares the

three types of batteries.

Table 7-2. Comparison of Battery Types

Alkaline NiMH NiCad
General description Single use | Rechargeable | Rechargeable
Nominal battery capacity (typical) 2.85 Ah 1.60 Ah 0.70 Ah
New battery voltage 120V 105V 10.0V
Drained battery voltage 7.0V 8.0V 85V
Approximate operating life 25 hours 15 hours 7 hours

To access FlowTracker battery data:

e Press 2 from the main menu to access the System Functions Menu, and then press 5 for bat-

tery data.

e The FlowTracker will display battery voltage and estimated remaining capacity (percent of
total) based on voltage for all three battery types.

e The FlowTracker has no way to determine what types of batteries are installed.

e Predicting capacity based on voltage is only approximate, particularly for recharge-
able batteries where voltage characteristics can change significantly over the life of the

batteries.

e These battery life estimates are at ~20° C (70° F); cold weather will have a significant effect
on voltage and capacity. Always check battery capacity with the system acclimated to the

outside temperature.

To Avoid Draining of Batteries When System is Not in Use

e Always turn the system off before storing the system.
When off, the FlowTracker draws a small amount of current from the batteries (=0.5 mA).
The current would drain a new set of alkaline batteries in 6-8 months.
If the system will be left unused for a long period (more than 1 month), remove the batteries

to prevent them from being drained unnecessarily.

7.2.3. Changing the Batteries

The batteries are accessed from the back of the FlowTracker handheld controller.

Turn the system off.

Remove the six screws holding the battery compartment lid to the main housing.
Remove the old batteries from the battery holder.
Install the new batteries, matching the orientation shown on the battery holder.
Secure the battery compartment lid using the six screws.
Turn the system on and check the battery voltage level to ensure proper installation. From

the main menu, press 2 for the System Functions Menu, and then 5 for battery data.
o New alkaline batteries should show about 12.0 VDC.
o Fully charged NiMH batteries should show about 10.5 VDC.
o Fully charged NiCad batteries should show about 10.0 VDC.
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7.3.

Internal Electronics and Wiring Overview

Under normal conditions, you should never need to open the FlowTracker (except for battery re-
placement). The information provided here is for reference only.

This section provides information about the internal layout of the FlowTracker. The handheld
controller is described from the view of being opened and looking at the inside of the housing
and lid.

The LCD screen is mounted to the inside of the lid.

The keypad is mounted to the outside of the lid, and is connected to the LCD.

The o-ring seal is exposed on the top of the housing. When opening the system, take care to
avoid damage to o-rings and surfaces. Clean and inspect the o-ring and surfaces before clos-
ing the system.

The receiver board is mounted at the narrow end of the housing. The probe is permanently
wired to the receiver board.

The FlowTracker Processor (Analog and CPU boards) is mounted in the wide end of the
housing. The two boards are connected using an edge connector at one end. See 87.4 for a
detailed description of the FlowTracker Processor.

The batteries are installed below the Receiver board and are accessed from the back of the
housing.

Cables used to connect the different portions of the FlowTracker are described below.

A 16-pin ribbon cable connects the Receiver board to the Analog board. The cable uses the
same connectors at each end with pin-to-pin wiring. The ribbon cable can be installed at ei-
ther end. However, the connectors are keyed and can be installed in only one direction.

A 2-wire cable from the temperature sensor (in the probe) connects to a red, 2-pin, keyed
connector on the Analog board (labeled Temperature).

The batteries and external power supply (via the external power/communication connector)
are connected to a red, 3-pin, keyed connector on the Analog board (labeled Power).
RS232 serial communication is wired from the external power/communication connector to
a red, 5-pin, keyed connector on the CPU board (labeled User).

The 5-pin connector attached to the LCD is wired to two connectors: a red, 3-pin, keyed
connector on the CPU board (labeled CTD), and a red, 5-pin, keyed connector on the CPU
board (labeled Compass).
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7.4. FlowTracker Processor

The FlowTracker processor consists of two printed circuit boards — the Analog board (Figure 24)
and the CPU board (Figure 25).

Figure 24 — FlowTracker Analog Board

Figure 24 shows the layout of the Analog board.

A 16-pin, keyed connector (not labeled) connects to a ribbon cable to the Receiver board.

The board name and revision is printed next to the pressure sensor connector.

A red, 5-pin connector (labeled Pressure) is not used in the FlowTracker.

A red, 2-pin, keyed connector (labeled Temp) connects to the temperature sensor in the

probe.

e Arred, 3-pin, keyed connector (labeled Power) is connected to the input power wiring. See
87.2 for input power specifications.

e A 40-pin edge connector mates below to the CPU board (Figure 25).

e The Analog board includes four holes for mounting, which match the mounting holes on the

CPU board and are used with a set of #4-40 screws and standoffs.

FlowTracker Technical Manual (July 2007) 75



SonTek/YSI

Figure 25 — FlowTracker CPU Board

Figure 25 shows the layout of the CPU board.

e The board name and revision are printed in the upper left corner.

e The EPROM containing the software to control FlowTracker operation is installed in a
socket at the center of the board. Upgrades for the EPROM may be periodically available;
see 8§7.6 for details.

e A 5-pin connector (labeled Compass) provides power to the LCD screen.

e The backup battery is installed in the corner of the board. This battery is used to supply the
real-time clock when main power is not available. See §8.4 for details.

e A red, 3-pin connector (labeled CTD) connects to the interface of the LCD screen.

¢ A 40-pin edge connector mates above to the Analog board (Figure 24).

e A red, 5-pin connector (labeled User) connects to the external power/communication con-
nector for external serial communications (RS232).
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7.5. Accessing Electronics

Under normal conditions, you should never need to open the FlowTracker (except for battery re-

placement). The instructions here are provided for reference only. The system should only be
opened after receiving instructions from SonTek/YSI personnel.

To open the FlowTracker handheld controller, use the following steps.

1. Perform all maintenance in a static-safe environment.

2. See 87.3 for a description of the internal layout of the FlowTracker. See §7.4 for a descrip-
tion of the FlowTracker Processor.

Open the battery compartment and remove all batteries (8§7.2.3).

Loosen the dummy cap on the external power/communication connector to allow the inside
of the housing to equalize to atmospheric pressure.

5. From the back of the handheld controller, remove the six screws holding the housing to the
lid (these screws are accessed from recessed holes on the edge of the housing).

Carefully lift the lid from the housing.

7. Take care to avoid any damage to the o-ring and o-ring surfaces.

> w

S

To close the FlowTracker handheld controller, use the following steps.

1. Clean and inspect all o-rings and o-ring surfaces for damage; replace o-rings if necessary.
2. Reconnect all internal wiring (if removed).

3. Inspect the desiccant pack installed inside the handheld controller. Replace if necessary.
4. If the o-ring was removed, lay it back into the o-ring groove on the housing.

5. Lay the lid on top of the housing.

6. From the back of the controller, secure the lid to the housing using the six screws.

7. Reinstall the batteries (8§87.2.3).
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7.6. Upgrading the CPU EPROM

Downloadable CPU firmware
o All FlowTracker systems have downloadable firmware.
e Firmware upgrades may be periodically available; check the SonTek web site for details
(http://www.sontek.com).

e For firmware upgrades, all software and instructions will be provided with the upgrade.
Contact SonTek for details.

Verifying system operation after a change
¢ Following any EPROM change, you should verify basic system operation.
e Turn the system off and on.

e From the keypad interface, use the raw data display (see §2.5.6) in a small tank of water to
verify basic velocity and SNR data.

e Perform full system diagnostics as described in §3.2.
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Section 8. Operational Considerations

8.1. Mounting and Installation

The FlowTracker is commonly mounted on a top-setting wading rod. The probe and controller
mounting have been designed with wading rod use in mind, but the design is flexible enough to
allow a variety of mounting arrangements. Top-setting wading rods are available from SonTek.

8.1.1. Handheld Controller Mounting
Mounting the handheld controller to the top of a wading rod can simplify data collection.

e A mounting bracket compatible with the mounting pin on a top-setting wading rod is avail-
able from SonTek (Figure 26).

e The handheld controller includes two threaded inserts on the back, which can be used to se-
cure a user-supplied mounting bracket.

e User-supplied mounting brackets can also be constructed using Velcro® adhered to the back
of the controller, or a strap around the controller.

e User-supplied mounting brackets should avoid direct contact with the keypad and LCD.
8.1.2. Probe Cable

The cable from the probe to the handheld controller is highly noise-sensitive and should be
treated with care.

e The cable should be protected from cuts, abrasions, and other damage.
¢ In any mounting arrangement, secure the cable to prevent excessive motion or damage.
e Avoid sharp bends in the cable, particularly near the probe.

Figure 26 — Handheld Controller Mounting
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8.1.3. Probe Mounting

2D and 2D/3D Side-Looking Probes

e An adaptor bracket (Figure 27) is available for
mounting the probe from a top-setting wading
rod. Both the bracket and complete wading
rods are available from SonTek.

e The adaptor replaces the standard wading rod
current meter mount.

e The bracket offsets the probe to one side of the
wading rod, placing the sampling volume
closer to the wading rod, approximately 5 cm
(2 in) to one side.

e The bracket allows the wading rod to be used in
its standard “forward” orientation.

¢ Installation and mounting instructions are in-
cluded with the mounting bracket. Figure 27 — Probe Mount

Probe Orientation Adaptor Bracket

e Figure 28 shows the proper orientation of the probe for discharge measurements.

e The tag line is installed perpendicular to the primary flow direction, although the flow direc-
tion may vary at different points across the stream.

e At each station, the X-axis should be perpendicular to the tag line. It should not be kept in
line with the true flow direction. The red band (which marks receiver arm #1) should face
downstream.

e The FlowTracker uses the X component of velocity (Vx) for discharge measurements, and
calculates flow direction for each measurement as a quality parameter (see §1.4.6).

3D Down-Looking Probes
e 3D down-looking probes are not normally used from a wading rod.
e Mounting arrangements are user-constructed to meet the requirements of the application.
e Probe mounting should be done to avoid flow interference in the sampling volume (88.1.4).

Graduated Tag Line

Primary Flow

Y Direction
lx __________________ o oampling

Probe .-~ Volume
Coordinate System

Figure 28 — FlowTracker Probe Orientation Relative to Stream Flow
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8.1.4. Flow Interference

The FlowTracker measures velocity in a small sampling volume nominally located 10 cm (4 in)
from the tip of the probe (see FlowTracker Principles of Operation). The placement of the sam-
pling volume relative to other structures in the water must be considered when measuring veloc-
ity to avoid flow interference.

Structures

e The FlowTracker probe should be located away from any underwater structures or obsta-
cles, particularly those upstream.

e Consider the size and location of nearby structures and obstacles, and the probable magni-
tude and direction of flow, when choosing a measurement location.

Probe orientation relative to flow

e The FlowTracker should be oriented so the axis of the transmit transducer is roughly per-
pendicular to the expected direction of flow (Figure 29).

e For side-looking probes (2D and 2D/3D), the probe should be oriented looking across the
expected direction of flow (so the X-axis aligns with the expected flow).

e For 3D down-looking probes, this is usually simple since the probe is most commonly look-
ing vertically down in a region of horizontal flow.

e FlowTracker probes have been tested and have shown negligible flow interference with the
probe as much as 40-50° away from the preferred alignment. At higher angles, the Flow-
Tracker may see flow interference in the sampling volume.

Figure 29 — Preferred Flow Direction to Avoid Flow Interference
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8.2. Velocity Data Coordinate System

FlowTracker velocity measurements are reported using a right-hand Cartesian coordinate system
relative to the probe. The XYZ coordinate systems for each probe type are shown below.

Figure 30 — FlowTracker Looking Probe XYZ Coordinate Systems

2D Side-Looking Probe (Figure 30a)
e The positive Z-axis is defined as vertically up in the direction of the probe’s stem.
e The positive X-axis is defined perpendicular to both the probe’s stem and the axis of the
transmit transducer in the direction of receiver arm #1 (marked with a red band).
e The positive Y-axis is defined along the axis of the transmit transducer from the transmitter
towards the sampling volume (making a right-handed coordinate system).

2D/3D Side-Looking Probe (Figure 30b)
e The positive Z-axis is defined as vertically up in the direction of the probe’s stem.
e The positive X-axis is defined perpendicular to both the probe’s stem and the axis of the
transmit transducer in the direction of receiver arm #1 (marked with a red band).
e The positive Y-axis is defined along the axis of the transmit transducer from the transmitter
towards the sampling volume (making a right-handed coordinate system).

3D Down-Looking Probe (Figure 30c)
e The positive Z-axis is defined as vertically up in the direction of the probe’s stem, which for
this probe is the same as the axis of the transmit transducer.
e The positive X-axis is defined perpendicular to probe’s stem in the direction of receiver arm
#1 (marked with a red band).
e The positive Y-axis is defined based on the X and Z-axes to make a right-handed coordinate
system.
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8.3. Temperature Sensor
The FlowTracker uses a thermistor mounted inside the probe head to measure temperature.

e The coupling of the thermistor to the metal probe head gives good response to changes in
temperature and ensures the temperature data accurately reflect the water temperature at the
location velocity measurements are being made.

e The temperature sensor has a specified accuracy of +0.1°C (+0.2°F).

e Temperature data are sampled once per second (with each velocity sample) during each
measurement burst. Mean temperature is recorded with each measurement burst.

8.4. Real-time Clock Backup Battery
The FlowTracker has a backup battery to run the system clock when main power is not available.

The battery is installed on the processor CPU board (see §7.4).

The battery can be expected to last for many years with no maintenance.

If the backup battery dies, the system clock will reset when power is disconnected.
Contact SonTek before attempting to replace the battery.
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8.5. Routine Maintenance
The FlowTracker requires little maintenance for years of reliable performance.

o Normal use does not change instrument performance.

e The FlowTracker never requires recalibration for velocity data (unless the probe is physi-
cally damaged).

e This section describes the suggested maintenance procedures.

8.5.1. Regular Diagnostic Procedures

In addition to the diagnostic procedures available from the handheld interface, the FlowTracker
software includes a diagnostic program named BeamCheck.

e This is the same program used at SonTek for system testing and diagnostics.

e The program lets you verify all major aspects of system performance and probe condition.
e Use of the program is described in §6.5.

e We recommend running this program on a regular basis (e.g., once per week).

8.5.2. Cleaning the Transducers

Biological growth on the transducers does not affect velocity measurements, but can decrease
acoustic signal strength and potentially increase noise in velocity data in clear water.

e Periodic cleaning of the FlowTracker transducers may be needed to maintain optimal per-
formance in areas of high biological activity.

e FlowTracker transducers are encapsulated in an epoxy that is impervious to damage from
barnacles or other types of growth.

e To remove growth, simply clean with a cloth or stiff (non-metallic) brush. The transducer
epoxy is very durable and cannot be easily damaged except by direct impact.

8.5.3. Cable Maintenance
The FlowTracker probe cable is often the most vulnerable part of the system.

e The cable uses a durable polyurethane jacket that provides excellent long-term wear and
abrasion resistance.

e Any cable is susceptible to damage and reasonable precautions should be taken.

e Inspect the cable and all connectors on a regular basis.

e This cable is highly noise-sensitive and should not be modified by the user.

8.5.4. O-rings
The FlowTracker handheld controller uses an o-ring seal.

e The controller is designed to withstand temporary submersion, but is not intended for un-
derwater operation.
¢ We do not recommend opening the system without specific instructions from SonTek/YSI.
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8.5.5. Condensation in FlowTracker Housing

Moisture in the air can potentially damage FlowTracker electronics if allowed to condense inside
the controller housing.

e The housing is shipped with a desiccant pack inside to absorb moisture.
e We do not recommend opening the system without specific instructions from SonTek/Y S|
personnel. If the housing has not been opened, the desiccant should not need to be replaced.

8.5.6. Zinc Anodes for Corrosion Protection

When using the FlowTracker in salt water, additional precautions must be taken to prevent cor-
rosion.

e A sacrificial zinc anode should be installed on the probe (attached to the metal portion of the
probe stem).

¢ Anode condition should be inspected regularly, and the anode should be replaced when nec-
essary. Zinc anodes are available from SonTek.

e To check anode condition, try to chip away part of the anode with a screwdriver. If large
portions of the anode easily fall away, the anode should be replaced.

e The probe and cable should be thoroughly rinsed with fresh water after each use.
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8.6. Seeding

If FlowTracker velocity data appears “noisy”, the most common cause is a lack of scattering ma-
terial in the water.

e See the FlowTracker Principles of Operation (8A-7.3) for details about how/why the Flow-
Tracker uses scattering material for velocity measurements.
e A lack of scattering material can increase noise in velocity data. If insufficient scattering
material is present, the FlowTracker will not be able to accurately measure velocity.
¢ In most field applications, there is sufficient scattering material naturally present.
e Large, quiet laboratory tanks often have insufficient natural scattering material.
e To evaluate seeding requirements, use the raw data display from the handheld interface (see
§2.5.6).
o For ideal operating conditions, the SNR should be above 10 dB.
o The FlowTracker can operate reliably with SNR as low as 3-4 dB.
e A lack of scattering material can be remedied by adding seeding.

For field applications, seeding can be introduced by stirring the bottom (e.g., walking across the
river upstream of the measurement location). In some situations, seeding material will need to be
introduced. An ideal seeding material should have the following qualities.

¢ Neutrally buoyant (to remain in suspension for a long period)
e Mean particle diameter of 10-20 um (for peak sensitivity of the acoustic signal)
e Inexpensive, readily available, with no adverse effects on the operating environment

The best seeding material we have found (from an acoustics point of view) are hollow glass
spheres with a mean diameter about 10 um and a mean density close to that of water.

¢ Small quantities of this material are available from SonTek.
e Larger quantities can be purchased from the manufacturer at the address below.

Potters Industries

Valley Forge PA USA

Phone: +1-610-651-4700
Internet: www.pottersbeads.com
Part name: Potters Sphericel

For most applications, a more practical seeding material is lime or pulverized limestone (the
chalk commonly used on athletic fields).

Large bags are inexpensive and readily available from most hardware stores.

While not perfect, the acoustic performance is sufficient for most applications.

A variety of distribution arrangements can be arranged to seed even very large tanks.

A note of caution: repeated addition will gradually increase the pH in a tank (in addition to
creating a layer of lime/limestone on the bottom of the tank).
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8.7. Troubleshooting

This section provides suggestions for diagnosing problems with the FlowTracker. If you have
trouble finding the source of a problem, please contact SonTek.

8.7.1. Cannot Turn System On
FlowTracker power-up problems are usually related to the batteries or power supply.

e Check/replace the existing batteries (87.2.3).
o Verify that all batteries are correctly oriented as shown on the battery holder.
e Try operating the system with the SonTek external power supply, if available.

If the system still will not turn on, try the following.

¢ Hold the on/off key down for at least four seconds.
¢ Release the on/off key, and then hold down the key again for at least one second.
e Try to establish direct serial communication (see Appendix B).

8.7.2. Cannot Communicate with the FlowTracker

If you are unable to establish external communications with the FlowTracker (typically using the
data download software), the following may be helpful in identifying the cause.

o Verify all cables to the FlowTracker are securely connected.

o Verify the batteries are correctly installed (or the external supply is connected) and that you
can turn on the system.

e Try to establish direct communications with the FlowTracker using SonUtils (Appendix B).

o Verify the computer serial port is functioning correctly. Try using another computer.

¢ Inspect the external power/communications cable. Verify all cable connections match the
wiring diagram listed in §7.1.2.

8.7.3. Cannot Retrieve Data from Internal Recorder

The following are common causes of communication errors when retrieving data from the Flow-
Tracker’s internal recorder (using the Recorder software described in §6.4).

¢ Verify you can establish direct communication with the FlowTracker using SonUtils
(Appendix B).

e The data-extraction baud rate may be too high (default is 57600). The maximum baud rate is
a function of the length and quality of cables, the computer, and the operating environment.
Run Recorder using a lower extraction rate (86.4).

e Some computers have poor quality serial ports and cannot retrieve large amounts of data at
high baud rates. Try using another computer or lower the extraction baud rate.
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8.7.4. Velocity Data Appears Noisy or Unreasonable

If the velocity data from the FlowTracker does not seem reasonable, the following list may help
establish the cause.

e Lack of scattering material in the water is the most common problem (particularly in large
laboratory tanks). See 88.6 and the FlowTracker Principles of Operation for details about
seeding requirements.

e Run BeamCheck as described in 86.5. This can address all aspects of FlowTracker opera-
tion, in particular, signal strength (scattering/seeding issues) and probe operation.

¢ Inspect the FlowTracker to be sure debris is not fouling the probe.

o Verify the FlowTracker mounting is stable and that instrument motion is not causing noise
in the velocity data.

e Consider any possible environmental influences, particularly flow interference from under-
water structures or obstacles.

e Consider the measurement environment. Highly turbulent or highly aerated water will
greatly affect FlowTracker operation. In highly aerated water, the FlowTracker may not be
able to operate reliably.

e Consider the orientation of the probe with respect to the flow direction to be sure the probe
is not causing flow interference in the sampling volume (see 8§8.1.4).

8.7.5. Keypad Does Not Operate Reliably
The handheld controller is fully sealed; this can potentially affect operation of the keypad.

e Changes in temperature or atmospheric pressure may affect the keypad because of a differ-
ence in internal and external pressure.

Significant changes in pressure can affect system operation. To avoid problems, the controller
must be vented to equalize pressure.

e To vent the keypad, simply loosen the dummy cap on the external communication connector
a few turns (it is not necessary to completely remove the cap).

e Pressure will equalize within a few seconds.

e When pressure has equalized, tighten the dummy cap.

e When storing or shipping the system, leave the dummy cap loose to allow the system to
adapt to changes in pressure.
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Appendix A. FlowTracker Principles of Operation

A-1. Introduction

The FlowTracker Handheld ADV is a single-point Doppler current meter designed for field ve-
locity measurements. The FlowTracker uses the proven Doppler technology of the SonTek/YSI
Acoustic Doppler Velocimeter (ADV), the leading high-resolution velocity sensor. ADV tech-

nology provides several advantages.

e Accurate velocity measurements in a remote sampling volume

e 2D or 3D velocity measurements (depending on probe configuration)

¢ Invariant factory calibration — no periodic recalibration required

e Rapid response time

e Simple operation

o Excellent performance for low and high flows — accuracy 1% of measured velocity
e Built-in temperature sensor

The FlowTracker offers ADV performance from a simple handheld interface, allowing rapid data
collection without the use of a computer. Some common applications include:

River discharge measurements (using established methodology, including USGS/1SO)
Open-channel flow measurements

Current measurements in large pipes

Rapid, multi-point current surveys

Current monitoring in water treatment facilities

This appendix presents the operating principles of the FlowTracker. It does not attempt to pro-
vide a detailed discussion of all technical issues, nor a detailed description of FlowTracker op-
eration. To learn more about specific applications, please contact SonTek/YSI.
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A-2. The Doppler Shift
The FlowTracker uses an adaptation of the Doppler principle to measure water velocity.

¢ Velocity can be determined by measuring the change in pitch of sound coming from (or re-
flected from) a moving target.

e A common example is the pitch of a whistle from a moving train. The pitch is higher when
the train is approaching, and lower when it is going away.

e Some common implementations of the Doppler principle include police radar sets for track-
ing automobile speeds and Doppler weather radar that tracks the speed of water particles
suspended in the air (clouds).

e The FlowTracker uses a highly sophisticated form of this technique, which processes un-
derwater sound (sonar) reflected from particulate matter suspended in the water.

The Doppler principle says that if a source of sound is moving relative to the receiver, the fre-
quency of the sound at the receiver is shifted from the transmit frequency.

I:doppler = -Fsource (V/ C)

where
Faoppler = Change in received frequency (Doppler shift)
Fsource = frequency of transmitted sound
\ = velocity of source relative to receiver
C = speed of sound

The velocity, V, represents the relative speed between source and receiver (motion that changes
the distance between the two).

o If the distance between the two objects is decreasing, frequency increases.

o |f the distance is increasing, frequency decreases.

e Motion perpendicular to the line connecting source and receiver does not introduce a Dop-
pler shift.
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A-2.1. Bistatic Doppler Current Meters

Figure 31 shows the FlowTracker probe. The FlowTracker is a bistatic Doppler current meter.

The

Bistatic means separate acoustic transducers are used for transmitter and receiver.

The transmitter generates sound concentrated in a narrow beam.

The receivers are sensitive to sound coming from a narrow beam.

The receivers are mounted such that the beams intersect at a volume of water located a fixed
distance (10 cm; 4 in) from the tip of the probe.

The beam intersection determines the location of the sampling volume (the volume of water
in which measurements are made).

FlowTracker measures velocity as follows.

The transmitter generates a short pulse of sound at a known frequency.

The sound travels through the water along the transmitter beam axis.

As the pulse passes through the sampling volume, sound is reflected in all directions by par-
ticulate matter (sediment, small organisms, bubbles).

Some portion of the reflected energy travels back along the receiver beam axes.

The reflected signal is sampled by the acoustic receivers.

The FlowTracker measures the change in frequency (Doppler shift) for each receiver.

The Doppler shift is proportional to the velocity of the particles along the bistatic axis of the
receiver and transmitter. The bistatic axis is located halfway between the transmit and re-
ceive axes.

Knowing the relative orientation of the bistatic axes allows the FlowTracker to calculate 2D
or 3D water velocity.

Figure 31 — FlowTracker 2D Side Looking Probe and Sampling Volume
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Figure 32 shows a profile of signal strength versus time for the FlowTracker.

The horizontal axis shows time after the transmit pulse

The vertical axis shows the return signal strength measured by one receiver.

As the transmit pulse travels through the water, sound is reflected in all directions.
Immediately following the transmit pulse, reflections come from outside the receiver beam.
The receiver measures only the ambient noise level.

As the pulse propagates along the transmit axis, it moves closer to the receiver beam. The
receiver sees an increase in signal strength.

Signal strength reaches a maximum at the intersection of the transmit and receive beams.
By sampling the return signal at its peak, the FlowTracker makes measurements in the sam-
pling volume defined by the intersection of the transmit and receive beams.

>

Center of
Receiver Axis

Received signal strength

Ambient
oise Level

>

Time after transmit pulse

Figure 32 — FlowTracker Signal Strength Profile
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A-3.

Beam Geometry and 3D Velocity Measurements

A single transmit/receive pair measures the projection of the 3D
water velocity onto the bistatic axis.

A-4.

The bistatic axis is halfway between the transmit and receive
beam axes (see Figure 33).

The velocity measured by each receiver is called the bistatic
velocity.

The FlowTracker uses one transmitter and two or three re-
ceivers (for 2D or 3D probes).

See 8A-7 for other FlowTracker probe configurations.
Receivers intersect with the transmit beam pattern at a com-
mon sampling volume.

Bistatic velocities are converted to Cartesian (XY Z) veloci-
ties using the probe geometry (the relative angles of transmit
and receive beams). Cartesian velocities give the 2D or 3D
velocity relative of the FlowTracker probe.

During the manufacturing process, probe geometry is pre-
cisely determined by a calibration procedure.

This calibration only needs to be performed once.

No periodic re-calibration is required.

Sampling Volume Definition

The FlowTracker sampling volume is specified as follows.

Bistatic  Transmitter
AXis

Receiver

,N/: —

Sampling

Volume | \\

Figure 33 — Bistatic Axis

e The sampling volume is nominally 10 cm (4 in) from the tip of the probe.
e The exact location varies +1.0 cm (0.4 in) from probe to probe.

o Precise sampling volume location is fixed for any given probe.

e The physical size of the sampling volume is a cylinder 6 mm (0.24 in) in diameter by 9 mm

(0.35in) in length (see Figure 31).
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A-5. Pulse-Coherent Processing

This section does not attempt to provide a detailed description of pulse-coherent processing. It
presents a simple overview with a focus on how this affects FlowTracker operation. SonTek can
provide additional information on request.

The description of FlowTracker operation given in 8A-2 is an oversimplification.

e 8A-2 describes incoherent Doppler processing in which the transducer sends a single pulse
of sound and measures the frequency change of the return signal.
e The FlowTracker uses a technique called pulse-coherent processing.

Pulse-coherent processing provides the best possible performance of any Doppler processing
technique. In the simplest terms, pulse-coherent processing works as follows.

The FlowTracker sends two pulses of sound separated by a time lag (t).

Each receiver measures the phase (¢) of the return signal from each pulse.

The change in phase (2 - ¢1) divided by the time lag (t) is proportional to velocity.

Because of the nature of the phase measurement (which can only be determined from -180°

to +180°), the system has an inherent maximum velocity limitation.

e The FlowTracker velocity algorithms have been optimized to give the best possible per-
formance over a wide velocity range of +4.5 m/s (£15 ft/s).

e FlowTracker processing provides unmatched results for low flows (<1 cm/s; <0.03 ft/s).

FlowTracker processing has been designed to give the best possible performance in all environ-
ments. However, there is a situation where system performance may be affected by operating
conditions.

¢ When working near boundaries or underwater obstacles, the system may need to adapt its
operation to avoid acoustic interference.

e This is called boundary adjustment and is performed automatically by the system at each
measurement location.

e The system reports a quality parameter with each measurement location that tells you if the
environment has any effect on FlowTracker performance. This quality parameter is de-
scribed in 81.4.4.
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A-6. FlowTracker Data

A-6.1. Basic Sampling Strategy

The FlowTracker collects a burst of velocity data at each measurement location.

All data are recorded to the FlowTracker internal recorder.

You are prompted to enter location, depth, and other data at each measurement location to
document the data set.

For river discharge applications, measurements follow a prescribed sequence. This allows
the FlowTracker to calculated river discharge in real-time.

The system collects a fixed-length time-series of velocity at each measurement location.
The averaging time at each location is user-specified (10 to 1000 seconds).

Velocity data are recorded once per second during the averaging time.

When each measurement location is complete, you are presented with a summary of the velocity
and quality control data. All data are stored to the internal recorder for later downloading to a
computer for display, archiving, and further analysis.

A-6.2. Velocity Data

The FlowTracker provides several important performance advantages.

It can measure 2D or 3D water velocities from 0.0001 to 4.5 m/s (0.0003 to 15 ft/s).
Velocity data are accurate to 1% of the measured velocity in a one-second sample.

Velocity data can be used immediately without any postprocessing corrections.

True 2D or 3D velocity data are output in Cartesian coordinates (XY Z) relative to probe ori-
entation.

The FlowTracker calibration will not change unless the probe is physically damaged. No pe-
riodic calibration is required.

Diagnostic software is included to evaluate system performance periodically.

The following describes the basic FlowTracker sampling strategy.

An individual measurement of the 2D or 3D velocity is referred to as a ping.

The FlowTracker pings 10 times per second, averaging these pings for a single velocity
sample.

One velocity sample is recorded each second.

Velocity data are collected at each measurement location over the user-specified time. Raw
one-second velocity, mean velocity, and quality control data are recorded with each station.
For river discharge measurements, the FlowTracker combines velocity data with station lo-
cation, water depth, and other data to determine total discharge in real-time.
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Figure 34 — FlowTracker Velocity Comparison

Accuracy of Velocity Data
The FlowTracker has been optimized to provide the best possible velocity data.

Velocity data are accurate to 1% of measured velocity for each one-second sample.
Variations in velocity data are dominated by true variations in water velocity.
Instrument noise does not normally have an impact on velocity data.

The averaging time required to determine the true mean velocity at a given location is a
function of the real variations in velocity at that site.

FlowTracker velocity performance is shown in Figure 34.

e The solid line is data from a tow carriage test (the FlowTracker was towed at a known
speed). Variations represent instrument noise and are less than 1% of the true velocity.

e The dashed line is data collected in a small stream. Variations represent real changes in the
flow field (at this site they are about 8% of the mean velocity).

Two factors influence accuracy of FlowTracker velocity data — sound speed and probe geometry.

e The effect of sound speed is discussed in 8A-7.2. With properly specified salinity data,
sound speed errors are negligible (less than 0.25%).

e Probe geometry is calibrated at the factory for each FlowTracker; no recalibration is re-
quired unless the probe has been physically damaged.

e The FlowTracker calibration procedure is specified to +£1.0% of the measured velocity.

e There is no potential for zero offset or zero drift in velocity measurements. There is no in-
herent minimum measurable velocity.

e The FlowTracker is very well suited to low-flow applications to less than 1 cm/s (0.03 ft/s).

A-6.3. Quality Control Data

In addition to velocity, the FlowTracker records quality control data with each measurement sta-
tion to quickly evaluate velocity data quality. Parameter details are in the FlowTracker manual.

e Standard Error of Velocity — §1.4.3 e Spike Filtering — §1.4.5
¢ Signal-to-Noise Ratio (SNR) - 8§ 1.4.2 e Flow Angle —81.4.6
e Boundary Adjustment — §1.4.4
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A-7. Special Considerations

A-7.1. Probe Configurations

Several FlowTracker probe configurations (Figure 35) are available for different applications.
Probe mounting

e The probe is mounted from a 200 cm (80 in) flexible cable.
0 A 300 cm (120 in) cable is available for special applications. However, it is not possible
to upgrade an existing system to a different cable length.
e The cable is custom built to reduce electronic noise. It should not be modified by the user.
e Cable length is limited to a maximum of 200 cm (80 in).
e Take care to avoid damage to the cable, as this can affect system operation.

3D Down-Looking 2D Side-Looking 2D/3D Side Looking

Figure 35 — FlowTracker Probe Configurations

Probe type

e Three probe types are available (Figure 35).

e The standard FlowTracker uses a 2D side-looking probe. The sampling volume is located 10
cm (4 in) to the side of the probe, and can operate in as little as 2 cm (1 in) of water.

e To work in both shallow and deeper water, a combination 2D/3D side-looking probe is
available. This has a sampling volume located 10 cm (4 in) to the side of the probe, and can
operate in as little as 2 cm (1 in) of water. It measures 2D velocity in shallow water (with
only two arms submerged), and 3D velocity in deeper water (with all three arms sub-
merged).

e For some applications, the 3D down-looking probe is preferred based on the location of the

sampling volume, which is 10 cm (4 in) below the probe. It has a minimum operating depth
of about 12 cm (5 in).
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A-7.2. Sound Speed

The FlowTracker uses sound speed to compute velocity from the measured Doppler shift, and to
precisely determine the location of the sampling volume. The speed of sound in water is primar-
ily a function of temperature and salinity.

e A temperature change of 5°C (9°F) results in a sound speed change of ~1%.
e A salinity change of 12 ppt results in a change in sound speed of ~1%.
e A 1% error in sound speed results in a ~2% error in velocity data.

To compensate for changing sound speed, the FlowTracker does the following.

e The FlowTracker includes a temperature sensor for automatic sound speed corrections.
Resolution is £0.1°C (+0.2°F).

e A user-input value of salinity is used for sound speed calculations.

o If accurate salinity data has been specified by the user (£2 ppt), sound speed changes can be
assumed to have no impact on velocity data.

A-7.3. Environmental Conditions

Doppler current meters, such as the FlowTracker, do not measure movement of water, but actu-
ally the movement of particles in the water. We must assume that the movement of the particles
in the water is representative of the movement of the water itself. This actually turns out to be a
very safe assumption. As such, if you have a body of water where no particles (other than the
water molecules themselves) are present, Doppler current meters will not work. Thankfully,
natural streams almost always have something else other than just “water” (even if just tiny air
bubbles), and the technology is such that even a small amount of particles in the water is usually
enough for good measurements.

Two questions quickly come to mind: (1) how many particles does it take for the instrument to
work, and (2) how small can these particles be? The short answers to these questions are: (1) just
a few and (2) very small.

Visual inspection is not an acceptable method for determining the amount of particles in the wa-
ter and no simple relationship exists with turbidity. We cannot say that for a given turbidity level
your water is too clear for a Doppler-based measurement. The amount of particles in the water is
not the only factor affecting signal amplitudes. Particle size, shape, distribution, and type also
control these values, and these conditions vary from site to site. Therefore, one stream may meet
these conditions, but another with the same turbidity may not.

Our best recommendation is that if you are unsure as to whether a stream will be “too clear” for a
FlowTracker, simply take one and place it in the water to check the SNR values (signal-to-noise
ratio; 81.4.2). The FlowTracker can return reliable measurements down to about 3 dB (in SNR),
although we recommend 10 dB and above for best operating conditions.
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Appendix B. FlowTracker Direct Command Interface

It is possible to establish direct communication with the FlowTracker using its RS232 serial in-
terface.

e The serial interface is accessed through the external power/communication connector on the
handheld controller.

e The serial interface is most commonly used to download data files from the internal re-
corder (see §6.4).

e A terminal emulator program (SonUtils) is included with the system to allow direct serial
communication with the system.

e Direct communications are not commonly required, but can be a good diagnostic tool for
verifying external communication with the FlowTracker.

Use the following steps to establish direct serial communications.

e Run SonUtils. Select COM1 and set the baud rate to 9600.
e Connect the external power/communication cable from the FlowTracker to COML1 of the
computer.
e Turn on the FlowTracker.
e Send a BREAK to wake up the FlowTracker.
0 A BREAK is sent either by clicking the BREAK icon or by pressing Alt+B.
0 The BREAK is a serial communications signal that consists of holding the transmit line
high for a period of at least 300 ms.
0 The BREAK causes a hardware reset in the FlowTracker, and should cause it to output a
wake up message (e.g., “SonTek FlowTracker Handheld ADV ...”).
o After the wake-up message, you should see the command prompt “>”.
¢ You have now established direct communications and can send and receive commands.

A variety of commands are available from the direct command interface. They are not docu-
mented here as they are not required for FlowTracker operation.

e Type show <CR> to see a list of functions used to display all major system settings.
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Appendix C. Discharge Uncertainty Calculation

C-1. Overview

The FlowTracker estimates the uncertainty of every discharge measurement. This calculation can
be done using two different methods — Statistical or ISO.

e The 1SO uncertainty calculation (§C-2) is based on the international standard™. It provides
users with the results of a published, standard technique. However, in some cases, this cal-
culation does not provide a reliable indicator of data quality.

e The statistical uncertainty calculation (8C-3) uses a method developed by researchers at the
U.S. Geological Survey®.. This is the default calculation as it provides the most reliable in-
dicator of measurement quality.

e The FlowTracker software displays the results of both uncertainty calculations.

¢ In the FlowTracker firmware, you can select the discharge uncertainty calculation from the
Discharge Settings menu (§2.4.5).

e A comparison of the uncertainty results from the two calculations is shown in §C-4.

C-2. ISO Uncertainty Calculation

The I1SO uncertainty calculation is based on a working version of 1SO Standard 748™. While it is
normally not appropriate to use a working version, an exception was made since the working
version provides a more thorough calculation than the released ISO standard (1997). Equation 1
shows the 1ISO method to calculate uncertainty applied to a FlowTracker discharge measurement.

m 2 2
2 2 2 2 | Us TUg
[t I bi di i
E[(bdv)(u +Uy” +U, +( . BJ
9 i=1 i

—u+u’+ [i(bidi\/i )jz

i=1

u

Q (Eq. 1)

Where:
ug = relative (percentage) uncertainty in discharge calculation
un = relative uncertainty due to the number of verticals (stations); 8C-2.1
Us = relative uncertainty due to calibration errors in measurements of width, depth and veloc-
ity. This is assumed to be accuracy of the FlowTracker calibration (1%).
m = number of verticals across the width of the stream
bi = width at vertical i
di = depth at vertical i
vi = mean velocity at vertical i
Upi = relative uncertainty in the width measurement at vertical i. From the 1SO standard, this
is assumed to be 0.5%.
Ugi = relative uncertainty in the depth measurement at vertical i. From the ISO standard, this is
assumed to be 0.5% for depth > 0.30 m (1 ft), and 1.5% for depth < 0.30 m (1 ft).
Upi = relative uncertainty due to limited number of velocity measurements at vertical i; 8C-2.2
UcitUei= relative uncertainty in velocity measurements at vertical i, with contributions from in-

strument uncertainty (uc) and real fluctuations in the river (Ue;). The combination of
these two terms is directly measured by the FlowTracker as the standard error of veloc-
ity (Vi err), and is calculated as (Uci + Uei = Vi err / Vi)

ni = number of velocity measurements at vertical i
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In Equation 1, the ISO calculation breaks the sources of uncertainty into two groups. The first
group contains uncertainty sources that are applied for each vertical — width (uy;), depth (ugi),
method (upi, for the number of velocity measurements at each vertical), and velocity (Uc + Uei).
These uncertainty sources are assumed to be independent, and are being weighted based on the
discharge of each vertical.

The second group contains those values applied to the measurement as a whole — the accuracy of
instrument calibration (us), and the number of verticals (un) (see 8C-2.1).

In addition to overall uncertainty, the FlowTracker looks at the contribution of each parameter.
To calculate the contribution of each parameter, the calculation is repeated while setting all other
parameters to zero. At the end of each discharge measurement, the FlowTracker displays the
overall uncertainty and the largest individual source of uncertainty. The FlowTracker software
shows the contribution of each parameter.

e Accuracy (Us): uncertainty due to the accuracy of the FlowTracker calibration

e Depth (Ug): uncertainty due to depth measurements

e Velocity (Ui +Uej): uncertainty due to velocity measurements (instrument uncertainty and real
fluctuations in the flow)

e Method (Upi): uncertainty due to number and location of velocity measurements at each vertical

e Number of verticals (Uy): uncertainty due to a limited number of verticals

e Width (uwi): uncertainty due to width measurements

C-2.1. Number of Verticals

Velocity and depth are measured at a limited number of verticals across the stream, and are as-
sumed to vary linearly between them. To estimate the uncertainty of this assumption, the 1ISO
provides a guideline based on the number of verticals in Table C-1.

Table C-1. Number of Verticals vs. Uncertainty

Number of Verticals | Uncertainty % (u)
5 7.5
10 4.5
15 3.0
20 25
25 2.0
30 15
35 1.0
40 1.0
45 1.0

Sauer and Meyer!? provide the same data and Equation 2 below to calculate this uncertainty for
any number of verticals. In this equation, uy, is given in percent and m is the number of verticals.
This is the equation used by the FlowTracker when calculating the ISO uncertainty estimate.

u, =32*m>% (Eq. 2)
This estimate is based on a statistical analysis of many streams. It does not take into account the
data available with an individual stream that could strongly influence the overall uncertainty. For
example, it might be possible with five verticals to accurately measure the flow in a broad con-
crete lined channel of constant depth, as the velocity distribution across the width of the channel
will likely be very consistent. In comparison, a natural stream can show large velocity and depth
changes, so the accuracy of a discharge measurement with five verticals would be much lower.
The 1SO calculation would not account for this difference. This is perhaps the most significant
shortcoming of the I1SO calculation.
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C-2.2. Limited Velocity Measurements at Each Vertical (Discharge Method)

A limited number of velocity measurements are made at each vertical; the mean velocity is cal-
culated using assumptions about the velocity distribution. The ISO standard provides an estimate

of the uncertainty associated with these assumptions in Table C-2.

Table C-2. Measurement Method vs. Uncertainty

Measurement Method

Uncertainty (ug) %

between points not to exceed 20% of the higher value)

1 point (0.6 * depth) 7.5

2 points (0.2 and 0.8 * depth) 3.5

5 points (near surface, near bottom, and 0.2 / 0.6 / 0.8 * depth) 2.5
Velocity distribution method (multiple points with the change 05

For the FlowTracker calculations, we have simplified Table C-2 above to estimate the uncer-

tainty based only on the number of measurements in the vertical as shown in Table C-3 below.

Table C-3. Number of Measurements vs. Uncertainty

Number of Measurements | Uncertainty (uy) %
1 7.5
2 3.5
3 3.0
4 2.7
5 or more 2.5
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C-3. Statistical Uncertainty Calculation

The technique we refer to as the Statistical uncertainty calculation was developed by researchers
at the U.S. Geological Survey (USGS): Tim Cohn, Julie Kiang, and Robert Mason . It has also
been called the interpolated difference technique, though no final name has been selected. As of
August 2006, they have not published the technique, but have plans to do so in the future. The
calculation described here should be considered preliminary, and may be subject to change.

The statistical technique takes a very different approach from the ISO method. The ISO looks at
the physical characteristics of the measurement and discharge calculation to estimate uncertainty.
The statistical technique is a strictly statistical approach, using adjacent values of each measured
variable to estimate the uncertainty in these measurements. This appendix presents a brief over-
view of the Statistical technique, deferring a full description to future publications of Cohn,
Kiang, and Mason. The basic form of the Statistical calculation is similar to the 1ISO calculation.

i((bidivi )2 (ubi2 + udi2 + uviz))

uy” =u,” +-= (Eq. 3)

s Soen )jz

i=1

Where:

ug = relative (percentage) uncertainty in overall discharge calculation

Us = relative uncertainty due to calibration errors in measurements of width, depth and veloc-
ity. This is assumed to be accuracy of the FlowTracker calibration (1%).

m = number of verticals across the width of the stream

bi = width at vertical i

di = depth at vertical i

vi = mean velocity at vertical i

Upi = relative uncertainty in the width measurement at vertical i. This is not specifically calcu-
lated by the Statistical technique; it uses the same 0.5% value as the 1SO calculation.

Ugi = relative uncertainty in the depth measurement at vertical i.

Uyi = relative uncertainty in the velocity measurement at vertical i.

As with the 1SO, this calculation breaks the sources of uncertainty into two groups. The first are
uncertainty sources that are applied for each vertical: width (uwi), depth (ugi), and velocity (uy).
These uncertainty sources are weighted based on the discharge of each vertical. The other source
is applied to the measurement as a whole: the accuracy of instrument calibration (us). All uncer-
tainty sources are assumed to be independent.

To estimate the uncertainty in depth and velocity, the Statistical technique uses adjacent meas-
urements. The calculation is the same for depth or velocity (only depth is shown here).

A basic assumption of a discharge measurement is that velocity and depth change linearly be-
tween verticals. Following this assumption, we can estimate the depth at vertical i (d;) by using
depth values from the adjacent vertical (d;.; and di:1). For simplicity, the calculation here as-
sumes equal spacing of verticals. The FlowTracker implementation does a linear interpolation
based on the location of each vertical.

di_est = (dis + disg) / 2 (Eq. 4)

An estimate of the uncertainty in depth for vertical i can be calculated as the difference between
the estimated and measured depth.
Ai= di_est - d; (Eg. 5)
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Any individual uncertainty estimate (A;) is subject to considerable variability; combining all es-

timates from a given measurement gives a better overall estimate of uncertainty. Equation 6 cal-
culates an overall estimate of the uncertainty in depth measurements (oy), a statistical average of
the individual uncertainty estimates (A;). This value (og) is in depth units (m or ft). (The deriva-

tion of Equation 6 is deferred to future publications of Cohn, Kiang, and Mason.)

e x

The relative depth uncertainty for each vertical is calculated below in Equation 7. This relative
depth uncertainty (ug;) is used directly in Equation 3. A similar term can be calculated for veloc-
ity (uyi; not shown here).

Udi = O¢g / di (Eq 7)
Perhaps the primary advantage of the Statistical technique is that the estimated uncertainty takes
into account variability in depth/velocity across the stream, and as such, includes measurement
uncertainty, natural stream conditions (e.g., different bottom types), and the assumption that
depth and velocity change linearly between stations.

In addition to overall uncertainty, the FlowTracker looks at the contribution of each parameter.
To calculate the contribution of each parameter, the calculation is repeated while setting all other
parameters to zero. At the end of each discharge measurement, the FlowTracker displays the
overall uncertainty and the largest individual source of uncertainty. The FlowTracker software
shows the contribution of each parameter.

e Accuracy (Us) — uncertainty due to the accuracy of FlowTracker calibration

e Depth (Ugj) — this term includes both uncertainty in the depth measurement and the effect of
changes in depth between verticals.

e Velocity (Uyi) — this term includes both uncertainty in the velocity measurement and the ef-
fect of changes in velocity between verticals.

e Width (Uwi) — uncertainty due to width measurements
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C-4. Uncertainty Comparison: 1SO and Statistical

Why offer two different uncertainty calculations — should not one be sufficient? To answer this,
we need to look at the results of each method.

The 1SO calculation seems a natural choice — it is well documented and from an internationally
recognized agency. However, analysis shows the ISO does not always provide a meaningful in-
dication of the measurement quality. In comparison, the Statistical technique appears to provide
a good indicator of measurement quality, particularly at sites with variable flow conditions.
However, it is currently (August 2006) an unpublished technique and may be subject to change.
Since there are drawbacks to each calculation, we decided to present results from both calcula-
tions.

To compare the two uncertainty calculations, we used a set of 24 real discharge measurements
made with a FlowTracker. These represent a range of conditions — discharge values from 0.004
to 8.6 m*/s (0.13 to 300 ft*/s) and mean velocity from 0.01 to 0.50 m/s (0.03 to 1.6 ft/s). All
measurements are in natural rivers in North America.

Figure 36 compares the Statistical and SO calculations from all 24 files.

e The statistical calculation shows uncertainty values from 2.1 to 19%; the 1SO calculation
shows values from 2.4 to 8.4%.

e If you remove one outlier (with very low velocity and high uncertainty), the Statistical cal-
culation varies from 2.1 to 15% while the ISO varies only from 2.4 to 4.3%.

e Since uncertainty under 5% is considered a “Good” measurement by many agencies, the
ISO equation would rate all of these measurements as Good, which is clearly not the case on
closer analysis of some files.

e To understand this better, we will also look at two individual files in detail.

Discharge Uncertainty Comparison
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Figure 36 — Statistical and 1SO Calculation Comparison
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Figure 37 shows depth and velocity profiles from a file where Statistical shows 2.5% uncer-
tainty, while 1SO shows 2.6%. As both calculations indicate, this is a good measurement with
smooth, linear variations in depth and velocity with few large inconsistencies. Both calculations
correctly represent this.

Figure 38 shows depth and velocity profiles from a file where the Statistical calculation shows
15.1% uncertainty, while the 1SO calculation shows 3.9%. Looking closely at the measurement,
there are several large and dramatic changes in both depth and velocity (particularly velocity; for
example, look at the verticals at location 5.5 and 8.1 m). This indicates either unusual flow con-
ditions (which would require more verticals to resolve) or measurement problems. The ISO cal-
culation still reports an uncertainty (3.9%) that would be considered good by most users. The
Statistical calculations report a much higher uncertainty (15.2%), correctly indicating there are
areas that are cause for concern in the quality of this measurement.

Because of the ability of the Statistical calculation to distinguish data quality issues as shown
here, we recommend using the Statistical uncertainty calculation. It is hoped that additional pub-
lications and data analysis will help further the development of uncertainty calculations, leading
to a single accepted method in the future.

It is also interesting to look at the contribution of each parameter to the estimated uncertainty.
For the 1SO calculation, six different parameters contribute to the overall uncertainty — width,
depth, velocity, method, number of stations, and accuracy (FlowTracker calibration). For the Sta-
tistical calculation, there are four parameters — width, depth, velocity, and accuracy (Flow-
Tracker calibration again).

For the 1SO calculation, the number of stations is the largest single component of uncertainty for
22 of 24 files; method and velocity are each the largest source in one file. Since the number of
stations parameter is essentially based on a statistical analysis of many rivers, rather than data
from the specific measurement site, this raises significant concerns if it is the largest source of
uncertainty. The contribution of velocity is generally small, except in cases where the mean ve-
locity is very low (velocity is the largest component of uncertainty in a file where the mean ve-
locity is 0.01 m/s (0.04 ft/s)). The measurement method is generally a modest contributor to
overall uncertainty, but can be significant in files with low overall uncertainty (<3%). The con-
tribution of width, depth, and accuracy to the overall ISO uncertainty is small to negligible.

Figure 37 — Uncertainty Comparison: Figure 38 — Uncertainty Comparison:
Good Discharge Measurement Poor Good Discharge Measurement
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For the Statistical calculation, the velocity term is the largest individual source of uncertainty in
all 24 files. Keep in mind that this term includes not only uncertainty in the velocity measure-
ment, but also variation in velocity between stations (which is typically the dominating factor).
Depth adds a small but notable amount to the Statistical uncertainty calculation; again, this is
dominated by the variation in depth between stations. The contributions of width and accuracy
are small to negligible. Analysis of this data tends to indicate that variation between stations,
both of depth and velocity, are the most important factor in overall measurement uncertainty.

C-5. References

[1] ISO 748, Hydrometry - Measurement of liquid flow in open channels using current meters or
floats. Working version 2003.

[2] V.B. Sauer, and R.W. Meyer, Determination of Error in Individual Discharge Measurements.
U.S. Geological Survey, Open File Report 92-144. 1992.

[3] Tim Cohn, Julie Kiang, and Robert Mason, U.S. Geological Survey. Personal communica-
tion, June-August 2006.
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Appendix D. Multiple Language Keypads

The FlowTracker supports operation in five languages using translated keypad overlays for each

language. The keypads are shown in actual size within the document, so they can be printed and

temporarily taped over the keypad for testing purposes. High quality, embossed decals to overlay
onto existing keypads are available as a permanent way to show the different key labels.
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.bmc extension, 59

0
0-9 (keypad), 14

A

Abort key, 17

accuracy, 96

all beams (beam check), 59

amplitude (beam check),
59, 61

analog board, 75

anodes, 85

averaging (beam check),
59, 60

averaging time, 4, 19

A-Z (keypad), 14

B

Back Light key, 15

battery data display, 24

battery power, 73

battery, backup clock, 83

baud rate (recorder), 55

beam 1/2/3 (beam check),
59

beam geometry, 93

BeamCheck, 57

bistatic, 91, 93

boundary adjustment, 9, 94

boundary QC, 9

C

cables
and connectors, 1, 71
power/comm., 1, 71
probe, 1, 71, 79
Calculate Disch key, 17
calibration, 89
cartesian (xyz), 93
check recorder status, 23

clear water conditions, 98
clock battery, 83
close (beam check), 59
command interface, direct,
99
components, system, 1
condensation, 85
considerations, 97
considerations,
operational, 28, 79
contact information, iv
control, external, 3
controller, handheld, 1
coordinate system, 82
copy (beam check), 59
Corr. Factor key, 15
corrosion protection, 85
cosine (beam check), 59
cpu board, 76
cpu, upgrading, 78

D

data collection
discharge mode, 42
general mode, 29
modes, 19, 28

data export, 51

definitions, 3

Delete key, 15

deployment
considerations, 28, 79

destination folder
(recorder), 55

diagnostics, 27

direct command interface,
99

discharge
calculation method, 33
data collection, 42
measurements, 33
mode, 19, 33

display raw data, 24

Doppler principle, 90

E

edges, 34, 35

electronics overview, 74

electronics, accessing, 77

End Section key, 17

Enter key, 17

environmental conditions,
98

exit (beam check), 59

extraction software, 51

F

filtering, spike, 9

flow angle, 10

flow interference, 81

FlowExporter, 51

flowtracker software, 50

force high-speed
connection (beam
check), 59

format recorder, 23

G

general mode, 20, 29

general purpose
measurements, 29

getting started, 27

graph title (beam check),
61

H

hardware, 71

ice covered water, 34, 36,
37

interface, keypad, 3

interference, flow, 81

islands, internal, 34, 35, 37

K
keypad, 1, 13, 14
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L

LCD screen, 1
letters (keypad), 14
LEW/REW key, 16

M

main menu, 18
maintenance, 84
mean station velocity,
determining, 38
Measure key, 15
measurement
discharge, 33
general purpose, 29
location, 4
mounting, 79
mounting, probe, 97
multiple channels, 34, 35,
37

N

Next Station key, 15
noise (beam check), 61
numbers (keypad), 14

O

On/Off key, 13, 15

open (beam check), 59

operational considerations,
79

operational overview, 27

o0-rings, 84

P

particles, 98

pause (beam check), 59

peak level (beam check),
61

peak pos (beam check), 61

ping, 4

ping (beam check), 61

ping rate, 4

ping selector (beam
check), 60

pings averaged (beam
check), 61

playback speed (beam
check), 60
power, 27, 72
power/comm. cable, 71
Prev. Station key, 16
print (beam check), 59
probe, 1
probe cable, 1, 71, 79
probe configurations, 97
processor board, 75
pulse-coherent, 94

Q

quality control, 96
quality control data, 3, 5

R

receiver, 2

receivers, 91

record (beam check), 59

Recorder program, 55

recorder, format, 23

release notice, iv

replay (beam check), 59

river/stream
measurements, 33

S

salinity, 3, 21, 98

sample, 4

samples (beam check), 61

sampling strategy, 4, 95

sampling volume, 2, 91, 93

scatterers, 98

seeding, 86

select all (recorder), 55

sensor, temperature, 2, 83

Set Depth key, 16

Set Ice Depth key, 16

Set Location key, 15

Set Meas Depth key, 16

set system clock, 25

Set Velocity key, 15

setup parameters menu, 19

show decay curve (beam
check), 59

show range as x-axis
(beam check), 59

show system
configuration, 25

signal strength, 3, 4, 92

signal-to-noise ratio, 3, 7

sine/cosine (beam check),
59

SNR, 3,7, 98

software, 49

sound speed, 3, 98

spike filtering, 9

standard deviation, 4

standard error of velocity,
8

start (beam check), 59

start data run, 26

station velocity,
determining mean, 38

stop (beam check), 59

stream/river
measurements, 33

support, iv

system functions menu, 22

T

temperature, 3, 98
temperature data, 23
temperature sensor, 2, 83
terminology, 3

Toggle Method key, 17
trademarks, iv
transmitter, 2, 91
troubleshooting, 87

U

units system, 19

\Y,

velocity data, 95

velocity data coordinate
system, 82

view data file, 22

w

warranty, iv
wiring overview, 74
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Z zoom in/out (beam check),

zinc anodes, 85 60
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