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1. Introduction

1.1 Background

The Massachusetts Department of Environmental Protection (MA DEP) has identified Westford Water Department
(WWD) and Littleton Water Department (LWD) water supply source sub-basins in the Merrimack Basin as highly
impacted by groundwater withdrawals; specifically, as groundwater withdrawal category 5, Biological Category 5, and
August Net Groundwater Depletion greater than 25 percent. As such, WWD and LWD will need to minimize the impact
of existing withdrawals to “the greatest extent feasible” to meet groundwater regulations through development of a
minimization plan (MA DEP, 2014). These impacted sub-basins are primarily located in northern Littleton and Westford,
within the Stony Brook watershed, which frequently experiences periods of low flow.

In fiscal year 2018 (FY2018), WWD, LWD, Geosyntec Consultants, and Comprehensive Environmental, Inc. (CEl) were
awarded a grant under the Water Management Act (WMA) entitled the “Stony Brook Flow Restoration Project” to
develop a Streamflow Restoration Plan (SRP) to assess opportunities for improvement of streamflow in Stony Brook.
These efforts to restore streamflow in the Stony Brook watershed aim to mitigate impacts of groundwater withdrawals,
consistent with goals of a minimization plan required as part of the MA DEP regulations. Specifically, the SRP evaluated
if coordinated low flow releases from a series of impoundments along Stony Brook could be made to improve the
timing, magnitude, and duration of streamflow to mimic natural conditions without compromising in-lake uses (e.g.
recreation, ecology, and other uses). The SRP included the development of a regional surface water model and the
installation of two continuous streamflow monitoring stations (in addition to four existing streamflow monitoring
stations installed in 2017 as part of the DAM Dashboard Pilot Project?) to collect data in real-time and make the data
accessible via online dashboards. Based on the modeling results, recommended operational strategies (e.g., open or
close a sluice gate or remove or replace a stop-log) were developed for the flow control infrastructure (e.g., dams) at
each impoundment and email alerts were setup from the online dashboard tool, DAM Dashboard, to inform
stakeholders when to initiate such strategies.

WWD and LWD, in partnership with Geosyntec, then prepared another successful WMA grant application to secure
funding needed to further refine and improve the recommended operational strategies and evaluate additional
strategies to reduce groundwater withdrawals in the watershed. This addendum to the SRP was prepared to document
the approach and results of these additional analyses included as part of the FY2019 Stony Brook Flow Restoration
Project.

1.2 Project Overview

The purpose of the FY2019 Stony Brook Flow Restoration Project (Addendum 1) was to confirm previous assumptions
and further assess opportunities for improvement of streamflow in Stony Brook through the coordinated operation of
existing dams in the watershed using the DAM Dashboard decision support system, which is informed by actual
streamflow data and model results. The existing study area impoundments are controlled by infrastructure at a series
of four dams: the Mill Pond Dam, the Spectacle Pond Outlet, the Forge Pond Dam (or Abbot Mill Dam), and the Stony
Brook Dam. These impoundments have public access points and are actively used by the public for recreation. The
furthest downstream points of the study area are the Depot Dam and Brookside Mills Dam. The Depot Dam and the
Brookside Mills Dam do not significantly impede streamflow because they pass flow continuously through low level
culverts; these dams also do not have significant upstream impoundments. Streamflow from the Brookside Mills Dam

! The DAM Dashboard Pilot Project was a previous study conducted in 2017 by LWD and Geosyntec Consultants where continuous streamflow
monitoring equipment was installed at Forge Pond and Spectacle Pond. Decision support dashboards were created for stakeholders to view
data collected in real-time but the dashboards did not feature the email notifications developed in the FY2018 Stony Brook Flow Restoration
Project. The data collected at the monitoring stations over the time between the DAM Dashboard Pilot Project and the FY2018 Stony Brook
Flow Restoration Project was used to calibrate model results for the FY2018 Stony Brook Flow Restoration Project.
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flows via Stony Brook to the Town of Chelmsford and then to the Merrimack River. See Figure 1 for a map of the study
area.

Figure 1: Study Area Vicinity Map
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Existing infrastructure at the Depot Dam and Brookside Mills Dam is in poor condition and would require significant
modifications or reconstruction to be actively controlled. Flow control infrastructure (i.e., sluice gates) at the Mill Pond
Dam exists; however, it has not been operated in many years (last operation unknown) and the sluice gate is heavily
impacted by sedimentation in the pond. Dredging to address sedimentation at Mill Pond would be required prior to
initiating future activities focused on streamflow improvement (e.g., operation of the existing sluice gate or installation
of a low flow orifice to conduct low flow releases). The Town of Littleton and the United States Army Corps of Engineers
are currently in the process of completing a feasibility study to dredge Mill Pond as an Aquatic Ecosystem Restoration
Project authorized under Section 206 of the Water Resources Development Act of 1996 (the draft report is expected
in September 2019). A total of $395,000 has been invested in the project and it is expected that design and engineering
efforts will begin within 6-9 months after the feasibility study has been completed and that construction will begin as
soon as Spring 2021.

Due to the aforementioned operational constraints at three of the six dams in the Stony Brook watershed (Mill Pond
Dam, Depot Dam, and Brookside Mills Dam), operational strategies for low flow releases in this study were focused on
modifying existing infrastructure at Spectacle Pond Outlet, Forge Pond Dam, and the Stony Brook Dam to support
improved streamflow in the watershed. Additional detail on the watershed and operational constraints at Mill Pond
Dam, Depot Dam, and Brookside Mills Dam can be found in the Stony Brook Final SRP (Geosyntec Consultants, 2018).

The scope of the FY2019 study was based on recommendations from the FY2018 Stony Brook Flow Restoration Project.
The primary activities and outcomes of this Stony Brook Flow Restoration Project Addendum 1 (the “Project”) include:

Re-engaging stakeholders to seek input throughout the project;
Obtaining owner and regulatory approval to perform low flow releases at three impoundments;
Performing stream gaging to validate decision support dashboard flow rating curves;

Initiating empirical testing of low flow releases through implementation of DAM Dashboard informed operational
strategies;

Evaluating optimization of water supply wells to minimize impacts to streamflow from groundwater withdrawals;
and

Updating the Stony Brook SRP, with study findings.

The desired outcome of the Project was to further enable informed and coordinated management of shared water
resources within the study area by many stakeholder groups to provide streamflow, water quality, and habitat benefits.
Low flow releases (i.e., controlled dam releases during periods when downstream flows are low) were selected as the
recommend operational strategy to supplement streamflow in the watershed. These releases enable operators to
increase downstream streamflow to maintain preferred minimum flows (i.e., aquatic baseflow?) without quickly
drawing down the water level of the upstream impoundment (i.e., maintaining uses such as recreation upstream). In
addition, it is anticipated that the benefits to downstream resource areas of a slow, low flow release will far outweigh
those of short, large releases from upstream impoundments.

1.3 Stakeholder Coordination

Two in-person stakeholder meetings served as the primary means to inform stakeholders of Project activities and to
receive input throughout the Project’s duration. The first meeting was held at the commencement of the project, on
10 April 2019, and resulted in the following feedback from stakeholders as recommendations for future study:

Research the potential to use the DAM Dashboard system to manage high streamflows in the watershed (e.g., pre-
hurricane streamflow relief efforts through forecast-based predictive management);

2 Aquatic baseflow is a set of chemical, physical, and biological conditions that represent limiting conditions for aquatic life and wildlife in
stream environments. In hydrological terms, it means median August streamflow (USFWS, 1999).
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Research the potential to use the DAM Dashboard system for climate resiliency (e.g., understand how changes in
rainfall patterns have impacted impoundment water levels);

Reach out to the Town of Ayer as a possible project partner to investigate potential impacts of an Ayer municipal
water supply well impacting water levels and inflows into Spectacle Pond; and

Expand public education of project to additional stakeholders outside the immediate project team (e.g., town
boards, residents, etc.).

The second in-person stakeholder meeting was held near the conclusion of the project, on 20 June 2019, to summarize
project activities and study results to stakeholders and receive feedback on potential future efforts. Stakeholders
contributed the following recommendations:

Establish a permitting framework for long-term empirical releases beyond the initial testing period;

In addition to halting a release when the upstream impoundment’s water level approaches the critical low level for
recreational activities, also consider halting a release once aquatic baseflows are exceeded to conserve water
discharged and maintain impoundment water depth upstream;

Due to the impacts of beaver dams, investigate modeling Beaver Brook as an impoundment in the regional surface
water model;

Consider using the regional surface water model to predict how forecasted precipitation will impact the
impoundments and streamflow (i.e., how much volume and/or flow may be increased based on anticipated storm
events) and incorporate into the low-flow release logic;

Evaluate options for using the DAM Dashboard platform to reduce flooding and mitigate impacts of climate change
(e.g., conducting a release in anticipation of a large rainfall event); and

Use annual stakeholder meetings and email distribution lists from the local lake associations to further inform
residents about the project and low flow releases.

Additional stakeholder coordination throughout the project was conducted through phone, email, and mail communication.
FOFP was engaged to inform residents on Forge Pond of upcoming low flow releases to alleviate concern for lowering water
levels in the impoundment. In addition, the Littleton and Westford Water Departments issued letters to abutters of Forge
Pond to inform them of project activities.
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2. Permitting

In order to modify the infrastructure and/or to perform a low flow releases at Spectacle Pond Outlet, Forge Pond Dam
and Stony Brook Dam, owner and regulatory approval (i.e., permitting) for these modifications was required. To
communicate planned activities in the study with stakeholders and regulating agencies, "low flow release narratives"
and conceptual design schematics of proposed infrastructure modifications were developed.

2.1 Low Flow Release Narratives

To illustrate the proposed changes to regulating authorities and stakeholders, brief narrative and conceptual design
schematics were developed for each dam where future low flow releases are planned as part of this study: Spectacle
Pond Outlet, Forge Pond Dam, and Stony Brook Dam. The low flow release narratives for each site include the following:

Site location map;

A narrative description of existing and proposed conditions, including any applicable sizing, configuration,
installation, operation, and maintenance procedures;

Photos of the site, as available, to illustrate existing conditions; and

Conceptual design schematics showing the proposed modification to existing infrastructure, as applicable, with
recommendations for equipment configuration.

A low flow release narrative for each location is included in Appendix A. A brief description is provided below.
Spectacle Pond Outlet

The dam at Spectacle Pond Outlet includes two weirs with adjustable concrete stop logs that can control water levels
within the impoundment. The resulting streamflow from stop log removal was predicted to be higher than desired for
a low flow release and would drain the upstream impoundment too quickly. Therefore, installation of a low-flow orifice
was proposed to provide control of the streamflow rate released during future low flow release events. A conceptual
schematic was developed for a newly fabricated concrete stop log that features a full-port knife gate valve to enable
low flow releases. The newly fabricated concrete stop log would measure approximately 18 inches tall (twice the height
of existing concrete stop logs) to accommodate a 12-inch diameter valve, but the stop log would otherwise mimic
existing stop log dimensions so that it would fit into the existing infrastructure. For installation, the newly fabricated
stop log would be placed into the east weir of the outlet structure by a backhoe from the top of the culvert headwall,
after removing one or more existing stop logs.

Forge Pond Dam

Existing infrastructure at Forge Pond Dam is currently used each winter for drawdown and can be similarly used for
low flow releases, so permanent modification of the Forge Pond Dam infrastructure was not proposed. Therefore, a
release narrative was prepared to describe the activities required to perform a release, but a conceptual design was
not prepared.

Stony Brook Dam

The Stony Brook Dam currently includes two low level sluice gates; however, the sluice gates have not been operated
in recent years (last operation unknown) due to concerns that they may become stuck in the open position. It was
anticipated that a siphon type system or alternative (e.g., pump) would be proposed to enable low flow releases at
Stony Brook Dam. During development of the low flow release narrative, it became clear that a pump introduced
greater risk to surrounding environments (i.e., risk of using gas-powered equipment within a wetland resource area)
and would likely be difficult to obtain approval from the local Conservation Commission. In addition, it was found that
installation of a siphon system would result in significant engineering design challenges (i.e., attaching pipes to an old
bridge or excavating and trenching through the existing roadway) that would result in higher than anticipated costs
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and additional permitting requirements. A conceptual schematic was developed for a basic siphon system as originally
planned; however, regulatory approval was not pursued for this site as part of the Project since further feasibility
evaluations are required to understand if modifications can be implemented at this location to perform low flow
release in the future.

2.2 Owner and Regulatory Approval

The low flow release narratives were used to obtain both owner and regulatory approval of project activities at
Spectacle Pond Outlet and Forge Pond Dam. LWD owns and operates the Spectacle Pond Outlet and, as a core
stakeholder of the project, was willing to participate and act as applicants for necessary permit approvals. Forge Pond
Dam is owned by Mr. Chris Yule (Yule Development Company), who coordinates with FOFP (another project
stakeholder) to enable winter lake level drawdown and subsequent spring lake refill. Project activities with respect to
Forge Pond Dam were discussed with Mr. Yule, who agreed to participate as a collaborator in the Project. Owners
provided written approval in the form of signatures on applicable permit applications.

Multiple permit application approvals and regulatory notifications were required for the planned low flow releases.
Requested regulatory approvals along with a summary of the response received or current status are summarized in
Table 1 and described in the following sections.

Table 1: Permit Approval Summary

Permit Type Spectacle Pond Outlet Forge Pond Dam

Massachusetts Wetland FOFP has an active OOC for winter drawdown therefore a

Protection Act Order of Conditions (0OOC) issued 5/20/2019 new 0OC was not required

Massachusetts Endangered

Species Act Determination issued 5/3/2019 Determination issued 5/3/2019

Chapter 91 Licensing :;/}T;/rzl(\)lllogdlflcatlon Authorization issued N/A — no proposed modifications to structure

Chapter. 253‘3 Jurisdictional N/A — outlet structure does not meet criteria ~ FOFP has coordinated with MA ODS since 2007;
Determination of adam therefore, an additional determination was not required

Notes:
1. Permit approvals issued as a result of the Project are bolded in the table above.

Spectacle Pond Outlet

Regulatory approvals sought for the proposed Spectacle Pond Outlet modification and planned low flow releases
included requests under the Massachusetts Wetland Protection Act (MA WPA), the Massachusetts Endangered Species
Act, and the Chapter 91 licensing program as described in more detail below. Research into the Chapter 253
Jurisdictional Determination administered by the Massachusetts Office of Dam Safety (MA ODS) indicated that the
Spectacle Pond Outlet was not subject to MA ODS jurisdiction because the structure is not greater than six feet in
height.

Massachusetts Wetland Protection Act

It was anticipated that a Request for Determination of Applicability under the MA WPA would be an appropriate
permitting approach for installation of a low flow orifice at Spectacle Pond Outlet; however, due to the short schedule
for this Project, a Notice of Intent was submitted to the Littleton Conservation Commission to expedite the process
(i.e., reduce the possible necessity of a second public hearing). A public hearing was held with the Littleton
Conservation Commission on 20 May 2019, during which the Commission voted unanimously in favor of the project.
The OOC was issued on 20 May 2019 and expires 21 May 2022. Conditions of the approval can be found in the OOC
included in Appendix B.
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Massachusetts Endangered Species Act

Spectacle Pond, including the area around the outlet structure, is designated as Priority Habitat Area 2029 and
Estimated Habitat 1346 for Blanding’s Turtle (Emydoidea blandingii). Therefore, a project review application was
submitted (in a joint package with Forge Pond Dam) to the Natural Heritage & Endangered Species Program (NHESP)
of the Massachusetts Division of Fisheries & Wildlife (MassWildlife). On 3 May 2019, NHESP issued a determination
that one condition must be met to avoid a prohibited Take? of the state-listed species: “All empirical testing must occur
during the Blanding’s turtle active season (April 16" — October 14%"). No work shall occur following October 14™".” The
letter of determination from NHESP is included in Appendix B.

Chapter 91 Licensing Program:

Based on information available at the time of the Project, the outlet structure at Spectacle Pond is currently not
licensed under the Chapter 91 Waterways Program of MassDEP. Therefore, representatives from the Chapter 91
Waterways Program were consulted on the proper method to approve the proposed modifications to Spectacle Pond
Outlet. After reviewing the low flow release narrative prepared for Spectacle Pond Outlet, representatives from the
Chapter 91 Waterways Program advised that the project appeared to meet the requirements of 310 CMR 9.05(3)(c)
and could be licensed in accordance with 310 CMR 9.22(3), a submittal of a notice for a Minor Project Modification.
The representatives indicated that a letter submittal describing the proposed project would be acceptable and that if
a response was not received within 30 days of the submittal, the proposed modifications could be considered
approved. A Minor Project Modification notice was submitted to the Chapter 91 Waterways Program on 17 May 2019
and a Minor Project Modification Authorization letter was received from MassDEP’s Waterways Program on 17 June
2019. The authorization letter is included in Appendix B.

Forge Pond Dam

To conduct low flow releases at Forge Pond Dam, modification of the existing infrastructure is not required; therefore,
regulatory approval from the Chapter 91 Waterways Program was assumed to be not applicable and permitting efforts
were focused on those regulatory approvals with jurisdiction over the low flow release activities. Low flow releases
involve the same release activities as winter drawdown, which FOFP has been performing at Forge Pond for invasive
species management over the last several years. Therefore, previous regulatory approvals that FOFP has coordinated
and maintained with the Westford Conservation Commission and MA ODS with respect to the MA WPA and Chapter
253 Jurisdictional Determination, respectively, also apply to low flow releases conducted as part of this Project and
therefore additional approvals are not required. The request under the Massachusetts Endangered Species Act is
described in more detail below.

Massachusetts Endangered Species Act

While FOFP has received an OOC from the Westford Conservation Commission to conduct winter drawdown activities,
the approval is seasonally dependent due to the presence of endangered species. Forge Pond is located west of Priority
Habitat Area 1740 and Estimated Habitat 1196 for Blanding’s Turtle (Emydoidea blandingii). Therefore, a project review
application was submitted (in a joint package with Spectacle Pond Outlet) to the NHESP of MassWildlife. On 3 May
2019, NHESP issued a determination that one condition must be met to avoid a prohibited Take of the state-listed
species: “All empirical testing must occur during the Blanding’s turtle active season (April 16" — October 14™). No work
shall occur following October 14™".” The letter of determination from NHESP is included in Appendix B.

3 A Take is defined as “in reference to animals ... harm ... kill ... disrupt the nesting, breeding, feeding or migratory activity ... and in reference to
plants ... collect, pick, kill, transplant, cut or process ... Disruption of nesting, breeding, feeding, or migratory activity may result from, but is not
limited to, the modification, degradation, or destruction of Habitat” (MassWildlife, 2019).
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3. Stream Gaging

During the previous FY2018 Stony Brook Flow Restoration Project and DAM Dashboard Pilot Project, sensors were
installed to measure water depths at Mill Pond Dam, Spectacle Pond Outlet, Forge Pond Dam, and Stony Brook Dam.
Stage-discharge rating curves were developed to relate measured water levels upstream and/or downstream of each
impoundment to estimate discharge (i.e., streamflow) downstream. A dashboard was created for each of these
locations that displays forecasted precipitation estimates, real-time water level data collected from the sensors
installed at the sites, and the resulting streamflow from the stage-discharge rating curves to determine when low flow
releases should be initiated to maintain aquatic baseflows downstream. Under the current Project, stream gaging was
performed to validate (or update) the previously developed stage-discharge rating curves.

3.1 Stream Gaging Field Protocol

A Stream Gaging Protocol was developed based on the following sources: Best Practices for Continuous Monitoring of
Temperature and Flow in Wadeable Streams (US EPA 2014), Measurement of stage and discharge (Rantz 1982),
Discharge measurements at gaging stations (Turnipseed and Sauer 2010), previous project experience, and guidance
from MA DER. The protocol developed is included in Appendix C and describes the equipment used for stream gaging,
stream gaging methodology (i.e., establishing cross sections, obtaining velocity measurements at set intervals,
calculating streamflow), velocity meter technical manuals, field forms, and site accessibility figures. The protocol was
reviewed and approved by MA DER and provided to LWD and WWD prior to the first stream gaging event.

3.2 Stream Gaging

Geosyntec, LWD, WWD, and MA DER coordinated to complete five stream gaging events. The field forms for these
events are included in Appendix D.

The objective of each stream gaging event was to collect streamflow measurements downstream of each of the four
continuous water level monitoring stations installed at Mill Pond Dam, Spectacle Pond Outlet, Forge Pond Dam, and
Stony Brook Dam during a variety of streamflow conditions (i.e., low to high streamflow), as feasible. SonTek
FlowTracker and FlowTracker2 instruments were used to measure in-stream velocities and calculate streamflow. When
possible, two measurements were collected at each gaging location as part of the quality assurance/quality control
procedures. If the two measurements varied by more than ten percent and conditions were favorable (i.e., there was
sufficient time available for another measurement or safety concerns did not exist), additional measurements were
collected.* If streamflow rates or weather resulted in unsafe conditions for entering a stream (e.g. heavy precipitation,
water level too high, water moving too quickly), measurements were not collected at that location during that
particular stream gaging event.

The streamflow measurements were compared to DAM Dashboard-estimated streamflow during the time of
measurement to evaluate the accuracy of the stage-discharge rating curves used by DAM Dashboard as described in
the following sections. A summary of stakeholders present and outcomes of each stream gaging event are included in
Table 2.

4 Discretion was used in some circumstances to allow a greater than 10 percent difference between the two measurements if greater error was
expected (i.e., due to low flow conditions, which are typically more difficult to measure with the equipment used).
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Table 2: Stream Gaging Event Information

MA DER trained representatives from Geosyntec, LWD, and WWD on properly
4/23/2019 Geosyntec, LWD, WWD, MA DER collecting velocity measurements. Measurements could not be collected at Stony
Brook Dam during this event due to high water level and streamflow conditions.

5/15/2019 LWD, MA DER Measurements could not be coIIected.a.t Stony Brook Dam during this event due to
high water level and streamflow conditions.
5/28/2019 LWD, WWD, MA DER Measurements could not be collected at Forge Pond Dam due to heavy precipitation.
6/5/2018 LWD D A second round of measurements to validate the first measurements could not be
Geosyntec, LWD, WW collected at Spectacle Pond Outlet due to time constraints.
6/12/2019 LWD, WWD, MA DER Measurements were collected at each of the four sites.

A summary of the measured streamflow compared to the DAM Dashboard-estimated stream flow is presented in Table
3. The measured streamflow values represent the calculated streamflow values from stream gaging activities.
Estimated streamflow and water depth values were obtained from DAM Dashboard for each location during the
corresponding date and time when the stream gaging was performed. The water depths at Forge Pond Dam were
measured at the monitoring station in the channel downstream of the impoundment; whereas, the water depths for
Mill Pond Dam, Spectacle Pond Outlet, and Stony Brook Dam represent the upstream impoundment water levels.

Page 9

Lwp Geosyntec®

NTER DEFARTMENT consultants




Stony Brook

Streamflow Restoration Plan - Addendum 1

Table 3: Stream Gaging Results Summary

Data Downloaded from DAMDashbaord

Estimated Water Level
Streamflow (cfs) (ft, NAVDS8S)

Data Collected During Stream Gaging Events

Measured Average Measured
Streamflow (cfs) Streamflow (cfs)
73.6 86.4 80.0

4/23/2019  14:55 157.5 187.1
5/15/2019  8:13 57.0 54.1 55.6 119.3 186.7
F°rgDzr:°”d 5/28/2019 - - - - - -
6/5/2019  14:00 30.0 28.9 29.5 76.3 186.1
6/12/2019  9:41 28.4 27.9 28.1 73.4 186.0
4/23/2019  13:00 55.9 55.7 55.8 17.0 215.5
5/15/2019  12:46 23.9 22.9 23.4 10.5 215.34
Migaprz"d 5/28/2019  10:29 11.7 9.1 10.4 7.9 215.28
6/5/2019  16:40 6.5 6.9 6.7 6.9 215.26
6/12/2019  9:09 14.5 15.6 15.0 8.1 215.29
4/23/2019  10:25 29.6 - 29.6 26.4 209.7
5/15/2019  10:00 19.4 18.4 18.9 19.7 209.4
Pzzzcgauct'; . 5/28/2019  12:05 9.8 10.6 10.2 12.0 209.1
6/5/2019  15:15 9.0 7.7 8.37 10.0 209.0
6/12/2019  10:15 7.9 8.1 8.0 9.4 209.0
4/23/2019 - - - - - -
5/15/2019 - - - - - -
St°'3’a:°°k 5/28/2019  13:30 24.7 26.1 25.4 215 182.8
6/5/2019  11:40 29.9 27.1 285 29.6 183.0
6/12/2019 = 12:42 31.9 32.2 32.1 27.8 182.9

3.3 Rating Curve Validation

The DAM Dashboard stage-discharge rating curves were validated based on the stream gaging activities performed as
described below.

Forge Pond

Streamflow downstream of Forge Pond was measured during four stream gaging events. The measurements are
plotted in Figure 2. The results indicate that flow rates downstream of Forge Pond are overestimated by the DAM
Dashboard stage-discharge rating curve. As a result, the longitudinal slope and Manning’s roughness coefficients
assumed when developing the original rating curve were modified to provide a revised stage-discharge rating curve
with a better fit with the measured streamflow.

Additional stream gaging measurements should be collected to further validate this curve due to the limited range of
flow conditions observed and measured during the Project. Low flow conditions were not observed during the study
period and would likely contribute greatly to the validation of this rating curve.
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Figure 2: Forge Pond Dam Rating Curve Validation Results
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Mill Pond

Streamflow downstream of Mill Pond was measured during five stream gaging events. The measurements are plotted
in Figure 3. The results indicate that flow rates downstream of Mill Pond are underestimated by the DAM Dashboard
stage-discharge rating curve. However, it should be noted that the measured flows from the stream gaging events,
particularly during the event on 5 June 2019 (when error alerts were received from the instruments), are low, and a
higher amount of error is expected due to increased difficulty in measuring lower flow rates.

The effective width of the dam and the discharge coefficient assumed when developing the original rating curve were
modified to provide a revised stage-discharge rating curve with a closer fit to the measured streamflow; however, due
to the unique configuration of the horseshoe dam, it is difficult to estimate downstream flow from the upstream water
level measurements at Mill Pond. An additional water level sensor was installed downstream of the Mill Pond Dam in
May 2019 and may be used in future efforts to more accurately calibrate the rating curve to stream gaging data.

Additional stream gaging measurements should be collected to further validate this curve due to the limited range of
flow conditions observed and measured during the Project.
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Figure 3: Mill Pond Dam Rating Curve Validation Results
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Spectacle Pond

Typically, the west weir in the Spectacle Pond Outlet is used to control water level by adding or removing stop logs.
There are three primary stop log configurations at this dam: winter, summer, and maximum configurations. During
typical operations two stop logs are removed at the end of Fall, modifying the dam into the winter configuration (one
stop log in the west weir) and two stop logs are added at the beginning of Spring to return the dam to the summer
configuration (three stop logs in the west weir). The dam has the capability to hold up to six stop logs (maximum
configuration) but anecdotal information suggests that flooding of abutting properties would occur (see the Stony
Brook SRP for further details on the Spectacle Pond Outlet). Visual observations during stream gaging events and
follow-up with LWD indicated that the dam was not in one of the typical configurations (e.g., winter or summer) at the
time of this study; two stop logs were installed in the west weir during the stream gaging events®.

Streamflow downstream of Spectacle Pond was measured during five stream gaging events. The measurements are
plotted in Figure 4. The results indicate that flow rates downstream of Spectacle Pond are overestimated by the DAM
Dashboard stage-discharge rating curve. As a result, the weir discharge coefficient assumed when developing the
original rating curve was modified to provide a revised stage-discharge rating curve with a better fit with the measured
streamflow.

5 DAM Dashboard assumes the outlet structure is in the summer configuration (3-stop log configuration) in May and June, so to estimate
streamflow accurately for this study, the data presented in Figure 4 is not consistent with the data on DAM Dashboard. The data presented
herein was corrected to use the lookup tables associated with a 2-stop log configuration to calculate the corresponding streamflow rather than
using the data from DAM Dashboard directly (which shows streamflow associated with a 3-stop log configuration).

Page 12

Lwp Geosyntec®

WATER DEFARTMENT consultants




Stony Brook

Streamflow Restoration Plan - Addendum 1

An additional water level sensor was installed downstream of the Spectacle Pond Outlet in May 2019 and may be used
in future efforts to further calibrate the rating curve to stream gaging data.

Additional stream gaging measurements should be collected to further validate this curve due to the limited range of
flow conditions observed and measured during the Project. In addition, stream gaging measurements should be
conducted while the stop logs are in each typical configuration (winter and summer).

Figure 4: Spectacle Pond Outlet Rating Curve Validation Results
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Note: Following completion of the original SRP in June 2018, stakeholders from SPA informed the project team that
there is a partially buried stop log in the west weir that offsets the stop log elevations used in the SRP by 0.5 feet. To
account for this offset, in July of 2018, an amendment to the SRP was drafted summarizing the adjusted stop log
elevations used for development of the Spectacle Pond Outlet rating curves, referenced by the DAM Dashboard (see
Appendix E). These lookup tables were used for comparison to stream gaging results collected in 2019 and presented
herein.

Stony Brook Dam

Flow downstream of Stony Brook Dam was measured during three stream gaging events. The measurements are
plotted in Figure 5. The results are not definitive, due to the limited number of stream gaging events, but the results
appear to closely approximate the streamflow reported by DAM Dashboard. Therefore, the original DAM Dashboard
stage-discharge curve was not modified. Additional stream gaging measurements should be collected to further
validate this curve due to the limited range of flow conditions observed and measured during the Project.
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Figure 5: Stony Brook Dam Rating Curve Validation Results
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4. Empirical Testing

4.1 Overview

Low flow release empirical testing was planned in accordance with recommendations of the Stony Brook SRP. Forge
Pond was selected as the first location to perform empirical testing because it was the only location that did not require
infrastructure modification to initiate empirical testing. It was anticipated that alerts from DAM Dashboard would be
used to trigger a recommended low flow release at Forge Pond Dam during the months of May and June (see the Stony
Brook SRP for further details on decision support dashboard alerts and logic sequences). However, the downstream
low flow condition was not achieved during the testing period. Despite flow conditions, the project team mobilized to
perform one flow release on 17 June 2019 to better understand the operational procedures needed to perform the
release and provide an overall assessment of the potential benefit.

4.2 Evaluation of Results

At approximately 9:15 AM on 17 June 2019, stop logs within the secondary outlet structure at Forge Pond Dam were
removed iteratively as the water pressure slowly decreased between each stop log removal. In total, five of the eight
stop logs were removed, with three remaining in place. The three upstream sluice gates were opened approximately
12 inches to match the optimized conditions modeled as part of the Stony Brook SRP. The result of the empirical test
was documented on DAM Dashboard and showed an increase of approximately 40 cfs in an approximately one-hour
period (see Figure 6); however, using the updated rating curve (see Section 3.3), this increase was likely closer to
approximately 18 cfs.

Due to the upstream impoundment depth being higher than expected during a triggered low flow release, the flow
entering the pen stock (the section of the secondary stream segment downstream of the sluice gates) was higher than
the flow exiting through the secondary outlet structure, which resulted in a rapid increase of the pen stock depth
(approximately one foot over 30 minutes). To stabilize this depth, two of the sluice gates were closed and the water
depth subsequently dropped back to its original level. However, as shown in Figure 6, the upstream impoundment
depth remained relatively unchanged during the test, suggesting that this release was successful in increasing
downstream flow rates with minimal impact to the upstream depth during this short duration. The sluice gates were
closed and the stop logs were re-inserted after only two hours due to the observed high flows during this period, which
would not typically be expected during a triggered low flow release.
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Figure 6: DAM Dashboard Results During Empirical Testing
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Recommended Operational Strategy Adjustments

The following operational strategy adjustments and recommendations are based on observations during the empirical
testing and discussions with Chris Yule, the owner of the Forge Pond Dam.

Assess the future water demands of the Abbot Mill property and incorporate them into the operational strategy
and decision support system so that low flow releases are optimized for streamflow restoration, to preserve
recreational activities upstream, and to maintain the Abbot Mill water demands. At minimum, future releases
should aim to balance sluice gate and stop log configurations to keep the water level in the pen stock from lowering
during a release.

Document the types and sizes of stop logs within the secondary outlet structure and order them in the structure to
provide greater control of low flow releases (i.e., reordering stop logs so that smaller stop logs are at the top of the
structure).

Optimize the number and size of sluice gate openings based on upstream impoundment depth to avoid discharging
greater flow through the sluice gates than can exit the secondary structure. Assessment may include SWMM model
simulations and/or empirical testing under a variety of upstream conditions to iteratively determine the sluice gate
opening recommendations during these conditions.

Determine if sluice gate modifications are needed to maintain a stable depth in the pen stock. Assessment may
include installing additional water level sensors in the pen stock to support this analysis.

Prepare a stakeholder notification protocol for empirical testing locations. The notification protocol should establish
and document:

- Names and contact information for all stakeholders;

Instructions for notification (e.g., e-mail two weeks in advance);

A copy of any public notices required; and

- Awritten description of roles and responsibilities for notification and performing the release.
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5. Source Optimization Evaluation

LWD and WWD currently operate a combined total of 24 public water supply wells (six in Littleton and 18 in Westford)
as shown in Figure 7 and listed in Table 4. The purpose of this task was to evaluate the feasibility of implementing
operational changes to minimize impacts to streamflow in Stony Brook from groundwater withdrawals without
affecting the towns’ ability to meet water supply demands. Separate scenarios for Littleton and Westford were
analyzed as described in the following sections.

Table 4: Littleton and Westford Well IDs

T | Vel | Wl

TWF Whitcomb Ave Well #3/4 2158000-01G
R GPW # 1 Whitcomb Avenue 2158000-02G
GPW # 2 Beaver Brook RTE 119 2158000-05G, 2158000-06G, 2158000-07G
GPW Spectacle Pond (Well #5) 2158000-04G
Forge Village Wellfield 3330000-01G, 3330000-09G, 3330000-10G, 3330000-11G, 3330000-12G
Nutting Rd Well and Satellites 3330000-02G, 3330000-17G, 3330000-18G
Depot Rd Well 3330000-03G
Westford Forge Village Rd GPW #2 3330000-05G
Howard Rd Well 3330000-06G, 3330000-13G, 3330000-14G, 3330000-15G, 3330000-16G
Westford  Cote Well 3330000-07G
Fletcher Well 3330000-08G
Stepinski 3330000-20G
Country Road Well No. 2 3330000-19G

5.1 Data Collection

To complete the optimization analysis, data on pump rates, pump capacities, and physical characteristics (i.e., distance
to surface water body, diffusivity, storage coefficient) were required for each well. These data were obtained from
sources provided by LWD and WWD (Dufresne-Henry 1986, 2000, 2001, 2005, 2005, 2006; Earth Tech 1999, 2000; LWD
2018; WWD 2018; Whitman & Howard 1968). Input data and maximum pump rates used in the analysis are presented
in Appendix F.

5.2 Model Software

STRMDEPLOS is an extended program of STRMDEPL, a computer program that calculates streamflow depletion by a
nearby pumping well. The user inputs water supply well data, aquifer characteristics, and well pumping rates, and the
program outputs the streamflow depletion over time (i.e., the rate of streamflow withdrawal compared to the pumping
rate throughout the duration analyzed). It was anticipated that the web-interface of the STRMDEPLO8 model would be
used to perform the simplified desktop optimization analysis; however, after further research into this program, it was
discovered that the web-interface could not account for pumping prior to the study time (i.e. the program assumes
each well has not been pumped prior to the start date). In order to account for previous pumping at each well, the
desktop-interface of the STRMDEPLO8 model was used for this analysis.
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Figure 7: Study Area Public Water Supply Wells in Littleton and Westford
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5.3 Methodology

Baseline and Prioritization

For both the LWD and WWD wells, daily historical pumping data from 2018 for each well or wellfield was input to
STRMDEPLOS to estimate the 2018 stream depletion volume and rates (established as the “baseline” scenario)® to
understand how each well’s characteristics and historical pumping data impact the nearest stream. Stream depletion
ratios, the ratio of the well’s pumping rate to the stream depletion rate or withdrawal rate, for each well vary due to
aquifer characteristics and distance to nearby surface water bodies. Typically, wells that are closer to surface water
bodies and/or have higher diffusivity values have higher depletion ratios during active pumping than those that are
further from surface water bodies and/or have lower diffusivity values. This information and the results of the baseline
analysis led to the well classifications described below.

After observation of the baseline results, it was clear that average or overall stream depletion was not the only indicator
of each well’s potential to impact to the stream. Temporal changes also needed to be considered since some wells had
less of an impact on the stream during short durations of pumping, but their stream depletion ratio increased over the
pumping duration. Similarly, the modeled stream depletion of some wells continued to slowly decrease after pumping
had already ceased, resulting in periods where pumping was not occurring, but the stream was still being impacted. As
a result of these nuanced observations, the following classifications were determined by visual inspection of the data
to account for all of these variables:

High-Response wells had a stream depletion rate approximately equal to the pumping rate of the well as soon as
pumping was initiated. Therefore, when a well was pumped, the stream was depleted by an approximately equal
amount, but when pumping ceased the stream depletion also ceased almost immediately (see Figure 8).

Low-Response wells had a lower stream depletion ratio during active pumping compared to the high-response
wells, with the stream depletion ratio slowly increasing over time (during active pumping). When low-response wells
ceased pumping, the stream depletion rate did not immediately cease but instead slowly decreased, resulting in
stream depletion ratios greater than 1 (i.e., the pump had ceased, but the stream was still being impacted) (see
Figure 9).

Medium-Response wells were those that fell in-between the high- and low-response wells. When the medium-
response wells are pumped, the stream depletion rate did not immediately reach the pumping rate, though it did
reach the pumping rate more quickly than the low-impacting wells. Similarly, when the medium-impacting wells
ceased pumping, the stream depletion rate did not immediately cease, but it did decrease quicker than the low-
response wells (see Figure 10).

This classification system helped prioritize wells and identify the wells to prioritize or minimize use to reduce overall
stream depletion.

610 conservatively estimate the impacts of previous pumping, it was assumed that each of the wells had been pumping for ten years at the
average 2018 pump rate.
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Figure 10: Medium-Response Well Example
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Note: When pumping ceases, the stream depletion ratio is plotted as zero because dividing the stream depletion rate
by the pumping rate during those periods would results in an undefined number.

Optimization Scenarios

The results of the baseline analysis and well prioritization were used to develop the following rules to be applied to the
optimized scenarios:

The pumping of low-response wells was maximized, as these wells had lower stream depletion ratios during active
pumping when compared to the medium- and high-response wells.

The pumping of high-response wells was minimized due to their high impact on stream depletion during active
pumping. These wells were used as backup wells when the remaining wells could not meet the water supply
demand. Due to the stream depletion rate decreasing quickly after pumping ceasing, these wells were cycled on
and off as needed.

The pumping of medium-response wells was analyzed on a case-by-case basis. Generally, these wells were pumped
less than the low-response wells and more than the high-response wells. The medium-response wells were generally
pumped in proportion to their stream depletion ratios.

Ceasing pumping of the low-response wells does not immediately cease stream depletion, therefore these wells
were initially set to pump continuously to minimize lag time with higher stream depletion ratios when feasible.
However, when analyzed for a longer period, the stream depletion rate at the low-response wells slowly approached
the well pumping rate suggesting that continuous pumping of these wells over time would result in a stream
depletion ratio similar to the high-response wells. Therefore, some low-response wells were cycled on and off to
maintain a lower stream depletion ratio in between pumping events.

The optimized scenarios manipulated the historical pumping data from 2018 for each well so that the daily well
pumping volumes were unchanged, but the quantity pumped from each well was distributed according to the rules
above. These optimized scenarios represent ideal conditions and, to simplify this analysis, do not take into
consideration all of the necessary pump resting cycles, customer demand, water quality, or other maintenance needs.
Future evaluations could apply the above rules, necessary pump resting cycles, and other logistical needs to refine
these results. The intent is to use these results to understand how significantly well operational changes can reduce
impacts to instream flows so that these rules can be applied to future scenarios and modified according to maintenance
schedules and other limitations as needed (i.e., differing water quality between wells). Model results were analyzed
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for one to three years to evaluate change in stream depletion ratios over time. While the results below describe an
optimized scenario for Littleton and Westford, multiple scenarios with varying well pumping rules were also evaluated
but showed limited improvement.

5.4 Results

Littleton — Baseline Scenario
The baseline analysis of LWD wells resulted in the following findings:

High-Response wells: At the Spectacle Pond well, the stream depletion rate was approximately equal to the
pumping rate, and when pumping ceased the stream depletion stopped.

Low-Response wells: At the Beaver Brook wells, the stream depletion rate took a significant amount of time to
reach the pumping rate, and when pumping ceased the stream depletion did not immediately stop.

Medium-Response wells: At the Whitcomb Avenue wells, the stream depletion rate had an intermediate response
compared to the Spectacle Pond and Beaver Brook wells; the stream depletion rate became equal to the pumping
rate more quickly than the Beaver Brook wells but more slowly than at the Spectacle Pond well, and when pumping
ceased the stream depletion decreased more quickly than the Beaver Brook Wells.

Littleton — Optimized Scenario

The optimized scenario for Littleton included the following pumping rules:
prioritize pumping the Beaver Brook wells by diverting pumping from the Spectacle Pond well; and
divide pumping evenly between the Whitcomb wells (rather than alternating pumping schedules).

Optimized scenario results applying the above rules to the historical pumping data from 2018 suggest that these
operational changes would have reduced stream depletion by 3.9 million gallons (approximately 1% of the total volume
pumped over the course of the year). Coincidentally, this optimized scenario aligns well with LWD’s current planned
changes to its operational strategy. LWD recently received a WMA permit amendment to increase the withdrawals
from its Beaver Brook wells from 0.41 MGD to 0.65 MGD and is currently installing replacement wells at the Whitcomb
wells, which will enable continuous operation of the wells at that site. These changes will allow LWD to rely primarily
on the Beaver Brook and Whitcomb wells, except for during peak water demands times when the Spectacle Pond well
will be used as needed.

Minimizing the stream depletion in August is often prioritized more than other months as this is likely the period when
the stream is in low streamflow conditions. When the stream is naturally in low streamflow conditions, any amount of
water depleted from the stream may have a larger impact than when the stream is in a higher streamflow condition.
In the optimized scenario, there was a reduction in stream depletion in August of 0.2 million gallons (approximately
0.5% of the volume pumped in August). Therefore, if LWD were to update its pumping strategy to this optimized
scenario, it would not be expected to significantly reduce stream depletion. This result may be primarily due to the
large proportion of high and medium-response wells.

The results are included in Table 5 and are shown on Figure 11. The “baseline ratio” represents the stream depletion
ratio of the 2018 pumping data and the “optimized ratio” represents the stream depletion ratio of the optimization
scenario.
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Table 5: Littleton Source Optimization Results

Withdrawal Volume Baseline Scenario Depletion Baseline |Optimized| Streamflow Percent
Period Pumped (MG) | Depletion (MG) | Depletion (MG) | Reduction (MG) | Ratio Ratio |Improvement (cfs)| Improvement (%)
31.0 30.7 29.8 0.8 1.0 1.0 0.04 2.7

January
February 29.9 29.3 28.9 0.4 1.0 1.0 0.02 1.4
March 26.0 28.0 27.1 0.9 1.1 1.0 0.04 33
April 27.0 24.3 25.7 -1.4 0.9 1.0 -0.07 -5.3
May 34.4 35.5 33.2 23 1.0 1.0 0.12 6.8
June 46.7 45.1 45.0 0.0 1.0 1.0 0.003 0.1
July 46.0 45.6 45.3 0.4 1.0 1.0 0.02 0.8
August 43.8 42.7 42.5 0.2 1.0 1.0 0.01 0.5
September 36.0 35.4 35.7 -0.3 1.0 1.0 -0.01 -0.8
October 343 33.9 33.9 0.1 1.0 1.0 0.003 0.2
November 28.4 29.7 29.1 0.6 1.0 1.0 0.03 2.1
December 27.0 26.3 26.4 -0.1 1.0 1.0 -0.006 -0.4
2018 410.5 406.4 402.5 3.9 1.0 1.0 0.02 1.0

Note: Depletion reductions may be negative if more water is depleted in the optimized scenario than in the baseline scenario. This may occur if
certain wells were pumped more in the optimized scenario than in the baseline scenario, or if the wells were frequently turned off so that the
stream depletion rate was greater than the pumping rate for a period of time.

Figure 11: Littleton Stream Depletion Rate Results
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Westford — Baseline Scenario

The baseline analysis of WWD wells resulted in the following findings:
High-Response wells: At the Fletcher and Stepinski wells, the stream depletion rate was approximately equal to the
pumping rate, and when pumping ceased the stream depletion stopped.

Low-Response wells: At the Depot Road, Howard, Nutting Satellites, and Country Road 2 wells, the stream depletion
took a significant amount of time to reach the pumping rate, and when pumping ceased the stream depletion did
not immediately stop.

Medium-Response wells: At the Forge Village and Cote wells, the stream depletion rate had an intermediate
response compared to the other wells; the stream depletion rate became equal to the pumping rate more quickly
than the Depot Road, Howard, Nutting Satellites, and Country Road 2 wells but more slowly than the Fletcher and
Stepinski wells, and when pumping ceased the stream depletion decreased more quickly than the Depot Road,
Howard, Nutting Satellites, and Country Road 2 wells.

Westford — Optimized Scenario
The optimized scenario for Westford included the following pumping rules:

prioritize pumping the Depot Road, Nutting Satellite, and Country Road 2 wells;

alternate pumping each of the Nutting Satellite wells to reduce maximum depletion over time;

after maximizing pumping from the above wells, prioritize Forge Village wells, Howard, and Cote wells; and

pump the Fletcher and Stepinski wells only when necessary.
Optimized scenario results applying the above rules to the historical pumping data from 2018 suggest that these
operational changes would have reduced stream depletion by 108.5 million gallons (approximately 20% of the total

volume pumped). In this scenario, there was reduction in stream depletion in August of 8.5 million gallons
(approximately 17% of the volume pumped in August).

The results are included in Table 6 and are shown on Figure 12.
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Table 6: Westford Source Optimization Results

Withdrawal Volume Baseline Scenario Depletion Baseline | Optimized Streamflow Percent
Period Pumped (MG)| Depletion (MG)| Depletion (MG) |Reduction (MG)| Ratio Ratio |Improvement (cfs)| Improvement (%)
34.2 35.9 22.8 13.1 1.1 0.7 0.7 38.5

January
February 30.0 30.7 20.3 10.4 1.0 0.7 0.6 345
March 33.7 33.8 23.5 10.4 1.0 0.7 0.5 30.7
April 35.7 34,5 24.8 9.7 1.0 0.7 0.5 27.3
May 48.4 42.7 31.6 11.1 0.9 0.7 0.6 22.9
June 68.7 59.1 48.5 10.6 0.9 0.7 0.5 154
July 75.8 66.9 59.4 7.4 0.9 0.8 0.4 9.8
August 59.0 58.2 49.6 8.5 1.0 0.8 0.4 14.5
September 54.1 53.5 46.0 7.5 1.0 0.9 0.4 13.9
October 39.6 45.2 38.4 6.9 1.1 1.0 0.3 17.4
November 33.6 37.7 31.8 6.0 1.1 0.9 0.3 17.8
December 34.0 38.0 31.1 6.9 1.1 0.9 0.3 20.4
2018 546.7 536.2 427.7 108.5 1.0 0.8 0.5 19.8

Figure 12: Westford Stream Depletion Rate Results
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5.5 Source Optimization Study Findings

In evaluating the historical pumping data from 2018, it was observed that pumping certain wells resulted in higher
stream withdrawals when compared to other wells. It was also observed that the duration of pumping had an impact
on the stream withdrawal and impact of certain wells. The degree of stream withdrawal is largely based on distance
from the wells to the stream, the diffusivity of the aquifer, and the pumping rate. To develop pumping strategies to
minimize streamflow impact, the Littleton and Westford wells were categorized as either high-response, low-response,
or medium-response, based on a visual inspection of how quickly stream depletion rates approached the pumping rate
after pumping was initiated (and also how quickly the stream depletion rate decreased after pumping ceased).

Through this evaluation, it was determined that if the proposed well pumping rules had been initiated in 2018, Littleton
and Westford could have reduced the volume of water depleted from Stony Brook by approximately 1% and 20%,
respectively. It is suspected that the improved results observed in Westford are due to Westford having a higher
number of low-response wells compared to Littleton.
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6. Future Activities

Future activities for the Stony Brook Flow Restoration Project are primarily dependent on procurement of funds from
additional funding sources. The project has been selected as a MA DER Priority Project which presents an opportunity
for additional funding. Further funding through the MA DEP WMA Grant may also be sought in subsequent years. The
project team will work closely with representatives from these organizations and project stakeholders to continue
efforts to improve streamflow in the Stony Brook watershed. If funding is received, the following are recommended
next steps to continue the progress of this study:

Develop a comprehensive stakeholder engagement strategy that uses lake association (e.g., LCLC, SPA, and FOFP)
annual meetings and email distribution lists, town websites, and other platforms (e.g., social media) to expand public
education about the study and inform town residents and municipal officials when low flow releases are planned.

Conduct additional stream gaging at all project locations for a variety of streamflow conditions (particularly low flow
conditions) to further validate stage-discharge rating curves or refine downstream flow estimates.

Update DAM Dashboard lookup tables with data from updated rating curves that have been validated through
stream gaging.

Fabricate and install the proposed concrete stop log and valve at the Spectacle Pond Outlet and initiate empirical
testing of low flow releases.

Continue empirical testing of low flow releases at Forge Pond Dam.

Expand the SRP to include the Stony Brook Reservoir in Chelmsford, the final impoundment on the mainstem of
Stony Brook prior to its discharge into the Merrimack River (recommendation from original SRP).

Update the regional surface water model to incorporate new information collected as part of the study, including:

- Using additional monitoring data collected at project monitoring stations in the watershed to recalibrate and
refine the model;

- Updating the model with finalized rating curves validated by stream gaging; and

- Reevaluate operational strategies.

Update the regional surface water model to address additional stakeholder concerns, including evaluating
opportunities to include operational strategies to address flooding from extreme events and climate resiliency.

Establish a permitting framework for long-term empirical releases beyond the initial testing period.

Conduct additional source optimization evaluations that expand the study area (e.g., include Ayer wells) and take
into account pump resting cycles, maintenance needs, changes in water supply demands, customer demand, and
water quality.

Update the Stony Brook SRP to incorporate findings from this and other continuations of the project.

Future activities may also include efforts to further refine conceptual designs for proposed modifications to the Stony
Brook Dam to enable low flow releases. Additional recommendations for further model validation/calibration, baseline
sampling, low flow release feasibility evaluation, empirical testing and implementation, and evaluation of automated
controls, are listed in the Stony Brook SRP (Geosyntec Consultants, 2018). These recommendations include many
additional potential options for further study within the watershed that were not investigated in this Addendum of the
Stony Brook Flow Restoration Project due to schedule and budget constraints.
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Existing Conditions: Forge Pond is a 202-acre pond located in Littleton and Westford,
Massachusetts with an approximate watershed area of 14,976-acres. Forge Pond’s primary
tributaries are Gilson Brook (from Spectacle Pond) and Beaver Brook (from Mill Pond). The pond is
impounded to the north by a dam constructed of stone blocks, with a primary spillway weir
constructed of wooden planks on its northern side and three timber sluice gates on its southern
side. A secondary outlet control structure was constructed in the 1990’s, downstream of the sluice
gates, which consists of a concrete weir with adjustable aluminum stop logs.

The timber sluice gates and secondary outlet control structure are seasonally adjusted to allow for
winter drawdown and spring refill in accordance with an approved Order of Conditions. Discharge
from the dam flows into Stony Brook via a rectangular channel that passes through the Abbot Mill
property. Stony Brook frequently experiences low flows during prolonged dry periods based on
anecdotal evidence.

Proposed Conditions: Periodic low flow releases are proposed at this location to improve
streamflow in Stony Brook. Low flow releases will be performed based on alerts from a decision
support dashboard in accordance with recommendations from the streamflow restoration plan
(SRP) developed by Geosyntec Consultants in June 2018. Once approved, low flow releases will be
tested, evaluated for effectiveness, and adjusted based on system response findings.

» Sizing: Low flow releases will be performed to maintain an Aquatic Baseflow (ABF) of at least
11.7 cubic feet per second. ABF is a simplified set of chemical, physical, and biological conditions
that represent limiting conditions for aquatic life and wildlife in stream environments. Model
simulations from the SRP indicate that adjustments to the existing timber sluice gates and
secondary outlet control structure (i.e., aluminum stop logs) will allow passage of ABF without
drawing down Forge Pond too rapidly.

» Configuration: Low flow releases will be accomplished by adjusting the existing timber sluice
gates and aluminum stop logs at the secondary outlet control structure. The three existing sluice
gates will each be opened by approximately 12-inches. Stop logs will be removed from the
secondary outlet control structure to maintain ABF. Stop logs must be removed incrementally to
minimize potential downstream impacts from releases. The outlet control structure includes eight
stop logs. Five of the stop logs will be systematically removed up to an elevation of approximately
202.5 feet, NAVDS88. Low flow releases are not anticipated to have an impact on the existing
configuration of the outlet control structure. Elevated discharge from intense and/or large
magnitude precipitation events will overflow over the primary and secondary spillways as
currently configured. Low flow releases will be halted at an elevation of approximately 202.5 feet,
NAVDS8S8 to discourage potential recreation issues caused by lower upstream water levels in
Forge Pond.

» Operation: Low flow releases will be initiated and halted by stakeholders based on alerts from a
decision support dashboard available at www.opti.com from April-October. Alerts were developed
from the 2018 SRP. Alerts will be based on continuous measurements of water level and
discharge, and precipitation forecast data. For example, an alert will be issued if there is
adequate water level in Forge Pond, but discharge is approaching or less than ABF at the outlet.
All adjustments will be made by hand and will be made contingent upon approval of the Abbot Mill
Dam Owner. Health and Safety Plan must be developed and implemented by all personnel
performing low flow releases.
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Secondary
Outlet

Secondary Outlet Control Structure Configuration

Top Elevation 207.5 (ft, NAVD88)

Invert Elevation 199 (ft, NAVD88)
Overall Height of Stop Log Structure 8.5 (ft)

Stop Log Width 4 (ft)

Top El. of 1% (Bottom) Stop Log
(12" Height, perforated with weep holes) 200 (ft, NAVDS88)

Top El. of 2nd Stop Log (18" Height) 201.5 (ft, NAVDS88)
Top El. of 3rd Stop Log (12" Height) 202.5 (ft, NAVDS8S)
Top El. of 4th Stop Log (12" Height) 203.5 (ft, NAVDS88)
Top El. of 5th Stop Log (12" Height) 204.5 (ft, NAVD88)
Top El. of 6th Stop Log (12" Height) 205.5 (ft, NAVD88)
Top El. of 7th Stop Log (12" Height) 206.5 (ft, NAVDS88)
Top El. of 8th Stop Log (12" Height) 207.5 (ft, NAVDS88)

Secondary Outlet

Structure
(See Table)
Notes:
1. Drawing is not to scale.
2. Plan view from plans entitled “Forge Pond Water Level Control
i Structure” prepared by Baystate Environmental Consultants, Inc. in
[ Sluice Gf‘te August 1991 (1991 Plans).
Sl 3. Values from table obtained from 1991 Plans.
4. Low flow releases will be made by removing stop logs from
secondary outlet control structure.
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Existing Conditions: Spectacle Pond is a 79-acre pond located in Littleton, Massachusetts
with an approximate watershed area of 4,416 acres. Spectacle Pond’s primary tributary is
Bennett's Brook. Spectacle Pond is impounded by a concrete outlet control structure that
consists of two stop log-type weirs that discharge to a dual 48-inch culvert under Great Road.
Each weir can accept up to five concrete stop logs. Discharge from Spectacle Pond flows via
Gilson Brook to Forge Pond, approximately 0.5 miles to the northeast. Existing stop logs can
be adjusted by lifting / lowering into place from above the headwall by a backhoe or
excavator. Gilson Brook frequently experiences low flows during prolonged dry periods based
on anecdotal evidence. For example, the outlet structure was completely dry for an unknown
period during the drought of 2016.

Proposed Conditions: Periodic low flow releases are proposed at this location to improve
streamflow. Low flow releases will be performed based on alerts from a decision support
dashboard in accordance with recommendations from the streamflow restoration plan (SRP)
developed by Geosyntec Consultants in June 2018. Once approved, low flow releases will be
tested, evaluated for effectiveness, and adjusted based on system response findings.

+ Sizing: Low flow releases will be performed to maintain an Aquatic Baseflow (ABF) of at
least 3.5 cubic feet per second. ABF is a simplified set of chemical, physical, and biological
conditions that represent limiting conditions for aquatic life and wildlife in stream
environments. Model simulations from the SRP indicate that a 12-inch diameter orifice
installed at the invert of the existing outlet control weir structure will potentially provide an
adequate opening to allow passage of ABF without drawing down Spectacle Pond too
rapidly.

« Configuration: Low flow releases will be accomplished by fabricating a new stop log with
an embedded 12-inch diameter pipe stub. A hand operated full-port lockable knife gate
valve will then be attached to the pipe via flanged connection. Installation is not anticipated
to have an impact on the existing configuration of the outlet control structure. Elevated
discharge from intense and/or large magnitude precipitation events will overflow over the
existing east and west weirs as currently configured.

+ Installation Procedures: The concrete stop log will be installed at the invert of the east
weir by lowering it into place from a backhoe or excavator at the top of the headwall
structure. Backhoe or excavator must have adequate lifting capacity. The knife gate valve
will then be bolted into place via flanged connection by hand tools. No disturbance of the
existing resource area is proposed.

« Operation: Low flow releases will be initiated and halted by stakeholders based on alerts
from a decision support dashboard available at www.opti.com from April-October. Alerts
were developed from the 2018 SRP. Alerts will be based on continuous measurements of
water level and discharge, and precipitation forecast data. For example, an alert will be
issued if there is adequate water level in Spectacle Pond, but discharge is approaching or
less than ABF. Knife gate valve will be hand operable. Health and Safety Plan must be
developed and implemented by all personnel performing low flow releases.

» Maintenance: A trash / debris rack is proposed to be installed at the upstream end of the
knife gate valve. The knife gate valve will be configured with a lock to discourage
vandalism. Periodic maintenance will be required to clear debris from the outlet control
structure, particularly from beaver activity. Maintenance of the valve will be performed in
accordance with manufacture instructions.
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Plan view of existing outlet structure with proposed equipment
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Rehabilitation” prepared by Fay Spofford and Thorndike for MassDOT
in April 2010 (2010 Plans).

Precast concrete stop log dimensions shall fit into existing weir
structure. Approximate dimensions are 9” wide by 18" tall by 77” long
with a %" edge chamfer (detail is available from 2010 Plans;
dimensions to be verified prior to construction).

. Precast concrete stop log shall be reinforced with epoxy coated steel

rebar and shall include two (2) 6” long by 4” wide by 3” deep pockets
and steel rebar lifting device. Pockets and lifting device shall match
existing concrete stop log configuration.

Pipe stub shall be installed into hole cored into precast concrete and
set in place with non-shrink grout. Material of pipe stub shall match
selected material of valve body (e.g., PVC vs. DIP)
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connection. Valve body material must be corrosion resistant and rated
for outdoor use.
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LOW FLOW RELEASE NARRATIVE AND CONCEPTUAL DESIGN
SCHEMATIC
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Existing Conditions: The Stony Brook Dam impounds an approximate 15-acre waterbody in Westford, Massachusetts with an
approximate watershed area of 16,768 acres. The Stony Brook impoundment’s primary tributaries are Stony Brook (from Forge
Pond) and Boutwell Brook. The dam is comprised of an earthen dam with a stone masonry outlet structure with a primary spillway
and low-level outlet with two (2) sluice gates. The sluice gates have not been operated in recent years and their condition is
unknown. Discharge from the impoundment flows to Depot Street Dam, approximately two miles to the northeast. Stony Brook
frequently experiences low flows downstream of the Stony Brook Dam during prolonged dry periods, based on anecdotal
evidence.

Proposed Conditions: Periodic low flow releases are proposed at this location to improve streamflow. Low flow releases will be
performed based on alerts from a decision support dashboard in accordance with recommendations from the Stony Brook
Streamflow Restoration Plan (SRP) developed by Geosyntec Consultants in June 2018. Once approved, low flow releases will be
tested, evaluated for effectiveness, and adjusted based on system response findings.

» Sizing: Aquatic Baseflow (ABF) is a simplified set of chemical, physical, and biological conditions that represent limiting
conditions for aquatic life and wildlife in stream environments. Low flow releases will be performed to maintain an ABF of at
least 13.1 cubic feet per second, if construction constraints allow. Sizing calculations (see Sheet 3) indicate that three (3) 8-inch
diameter PVC siphons installed at the dam would potentially provide adequate flow to enable passage of ABF; however, it is
unknown if the bridge and support structure for Broadway Street would be able to support the three (3) siphons. Sizing
calculations indicate that one (1) 8-inch diameter PVC siphon would be adequate to potentially provide flow to maintain the 7-
day, 2-year low flow (7Q2) of 4.0 cubic feet per second.

» Configuration: Low flow releases will be accomplished by fabricating one (1) to three (3) 8-inch schedule 80 PVC siphons. The
perforated intake of each siphon will be configured with a spring-loaded ball check valve to allow water to flow into the siphon(s)
but not out. The siphon(s) will feature a priming valve at the apex of the system that can be used to manually prime (i.e., fill with
water) the system. A full-port lockable knife gate valve will be installed at the outlet of the siphon(s) to enable priming of the
system (e.g., the valve will remain closed while the system is primed and then opened to begin the release). An emergency vent
will be installed to stop suction when the system reaches the minimum allowable water level elevation in the impoundment
(180.4 ft NAVD88). The intake of the siphon(s) will be installed approximately two (2) feet below the minimum allowable water
level in the impoundment, to maintain sufficient pressure head to enable suction at the intake. To achieve the desired flowrate,
the invert of the downstream outflow pipe(s) will be installed at least 10.5 feet below the invert elevation of the upstream intake
of the siphon(s). Installation is not anticipated to have an impact on the existing dam but will potentially require alteration of the
bridge and roadway over the dam. Elevated discharge from intense and/or large magnitude precipitation events will continue to
overflow over the existing spillway as currently configured.

+ Installation Procedures: It is anticipated that the proposed siphon(s) would be anchored to existing supports upstream and
downstream of the dam. Installation of the siphon(s) will likely require anchoring to the existing bridge over the dam spillway
(Broadway Street). It is anticipated that a bridge inspection will be needed to evaluate if the existing structure will be able to
support the proposed siphon(s). Additional inspection of the downstream channel walls may also be required to evaluate
support for the downstream outlet pipe. Broadway Street is an active roadway and will likely require a police detail to divert
traffic for inspection and installation. Due to constraints and unknown condition of site features, further design and evaluation of
installation procedures is recommended.

» Operation: Low flow releases will be initiated and halted by stakeholders based on alerts from a decision support dashboard
available at www.opti.com. Alerts were developed from the 2018 SRP. Alerts will be based on continuous measurements of
water level and discharge, and precipitation forecast data. For example, an alert will be issued if there is adequate water level in
the Stony Brook impoundment, but discharge is approaching or less than ABF. The siphon(s) will require manual priming prior to
initiating a release. Health and Safety Plan must be developed and implemented by all personnel performing low flow releases.

* Maintenance: A trash guard is proposed to be installed at the upstream end of the siphon. The priming valve will be configured
with a lock to discourage vandalism. Periodic maintenance may be required to clear debris from the siphon intake. The pipes
used for the siphon intake and outlet shall be removeable so that the siphon(s) may be partially disassembled to avoid damage
from ice during winter conditions.
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PROPOSED EQUIPMENT CONFIGURATION

Q — flow rate

D — siphon diameter

g — acceleration due to gravity
Ah — operating head

f — friction loss coefficient

L — siphon length

Siphon Sizing Equation
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Littleton Conservation Commission
P.O. Box 1305

37 Shattuck Street

Littleton, MA 01460

Phone: 978 540-2428 FAX: 978 952 2321
E-Mail: agreen@littletonma.org

May 20, 2019

Corey Godfrey

Littleton Water Department
PO Box 1305

Littleton, MA 01460

Re:

Order of Conditions for 204-889 at 686 Great Road
Spectacle Pond Outlet

Dear Mr. Godfrey:

On May 20, 2019 the Littleton Conservation Commission voted to issue the attached Order of
Conditions for the above referenced project. While you will be responsible for ALL the Conditions,
please note especially the following:

The following must be done prior to the start of work:

1.

2.

w

General Conditions (GC) #8: There is a 10-day appeal period from the issuance of the Order of
Conditions. If you start work during this time, you are working at your own risk

GC #9 and Special Condition Pre-Construction Condition (SC-PC) #1: This Order of
Conditions must be registered in the Registry of Deeds, Middlesex South, prior to
commencement of any work. As per SC-PC#1, recording information including date, book and
page must be submitted to the Littleton Conservation Commission no later than 4 weeks from
the date of this Order of Conditions.

GC#10: A sign with the MADEP File Number must be displayed prior to work commencing.
GC#14 and SC-PC#4: any changes to approved plans shall require the applicant to inquire of
the Conservation Commission if the changes are significant enough to require the filing of a
new Notice of Intent.

SC-C#1 and #10: Contact the Conservation Commission office to review the project before
work, other than installation of erosion controls, commences.

You have three years to complete the approved work from the effective date of May 21, 2019,
although you may apply for an extension before the Order of Conditions expires. Once work is
completed and the site is stabilized, you shall submit a Request for Certificate of Compliance. The
original signed version of this Order has been sent to Town Counsel for recording.

Best of luck moving forward. If you need to change your site plan, please call to discuss.




Sincerely,

Ci,
Amy Green

Conservation Coordinator
Littleton Conservation Commission

Cc: MADEP
T. Harrington, Miyares-Harrington



Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands

WPA Form 5 — Order of Conditions
Massachusetts Wetlands Protection Act M.G.L. ¢. 131, §40

Littleton Wetlands Protection Act

Provided by MassDEP:
204-889

MassDEP File #

eDEP Transaction #
Littleton
City/Town

A. General Information

Please note: Littleton
thisformhas 1. From: - oy —
been madified Conservation Commission
with added 2. This i nce is for . "
space to g c.e sto a. [X]Order of Conditions b.[ ] Amended Order of Conditions
accommodate (check one):
the Registry .
of Deeds 3. To: Applicant:
Requirements
Corey Godfrey
a. First Name b. Last Name
Important: ) L
When filling Littieton Electric Light and Water Departments B
out forms on c. Organization
g:;n outer 39 Ayer Road
use only fhe d.. Mailing Address
tab key to Littleton MA 01460
move your e. City/Town f. State g. Zip Code
cursor - do
notusethe 4 Property Owner (if different from applicant):
return key.
a. First Name b. Last Name
Town of Littleton
lml c. Organization
jom g | 37 Shattuck Street PO Box 1305 B -
d. Mailing Address
Littleton ~ MA 01460
e. City/Town f. State g. Zip Code
5. Project Location:
686 Great Road (outlet to Spectacle Pond) Littleton
a. Street Address b. City/Town
R24 - 15 and 16 -
c. Assessors Map/Plat Number d. Parcel/Lot Number
. . . . d m s d m s
Latitude and Longitude, if known: d. Latitude e. Longitude
wpaformS.doc » rev. 6/16/2015 Page 1 of 12



Massachusetts Department of Environmental Protection Provided by MassDEP:
Bureau of Resource Protection - Wetlands 204-889

aw MassDEP File #
WPA Form 5 - Order of Conditions
Massachusetts Wetlands Protection Act M.G.L. ¢. 131, §40  eDEP Transaction #

Littleton Wetlands Protection Act Littleton
City/Town

. General Information (cont.)

Property recorded at the Registry of Deeds for (attach additional information if more than

one parcel):

Middlesex South -

a. County b. Certificate Number (if registered land)

R24-15 Bk 14615 Pg 0129 ~ R24-16 Bk 30707 Pg 366

¢. Book d. Page

Dates:  APri30,2019 May 20, 2019 May 21, 2019
ates: a. Date Notice of Intent Filed b. Date Public Hearing Closed c. Date of Issuance

Final Approved Plans and Other Documents (attach additional plan or document references
as needed):

a. Plan Title

b. Prepared By o C. Signea and Stamped by

d. Final Revision Date - e. Scale

NOI Package - - April 29, 2019 )
f. Additional Plan or Document Title g. Date

g.

2.

. Findings

Findings pursuant to the Massachusetts Wetlands Protection Act:

Following the review of the above-referenced Notice of Intent and based on the information
provided in this application and presented at the public hearing, this Commission finds that
the areas in which work is proposed is significant to the following interests of the Wetlands
Protection Act (the Act). Check all that apply:

Prevention of

. .. - C.
B Public Water Supply b. [] Land Containing Shellfish Pollution

f. X Protection of
Wildlife Habitat

Groundwater Supply  h. [X] Storm Damage Prevention i. Flood Control

[] Private Water Supply e. [X] Fisheries

This Commission hereby finds the project, as proposed, is: (check one of the following boxes)

Approved subject to:

a.

the following conditions which are necessary in accordance with the performance
standards set forth in the wetlands regulations. This Commission orders that all work shall
be performed in accordance with the Notice of intent referenced above, the following
General Conditions, and any other special conditions attached to this Order. To the extent
that the following conditions modify or differ from the plans, specifications, or other
proposals submitted with the Notice of Intent, these conditions shall control.

wpaformS.doc * rev. 6/16/2015 Page 2 of 12



Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands

WPA Form 5 - Order of Conditions
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40
Littleton Wetlands Protection Act

Provided by MassDEP:

204-889
MassDEP File #

eDEP Transaction #

Littleton
City/Town

B. Findings (cont.)

Denied because:

b. [ the proposed work cannot be conditioned to meet the performance standards set forth
in the wetland regulations. Therefore, work on this project may not go forward unless and
until a new Notice of Intent is submitted which provides measures which are adequate to
protect the interests of the Act, and a final Order of Conditions is issued. A description of
the performance standards which the proposed work cannot meet is attached to this
Order.

c. [ the information submitted by the applicant is not sufficient to describe the site, the work,
or the effect of the work on the interests identified in the Wetlands Protection Act.
Therefore, work on this project may not go forward unless and until a revised Notice of
Intent is submitted which provides sufficient information and includes measures which are
adequate to protect the Act’s interests, and a final Order of Conditions is issued. A
description of the specific information which is lacking and why it is necessary is
attached to this Order as per 310 CMR 10.05(6)(c).

3. Buffer Zone Impacts: Shortest distance between limit of project

disturbance and the wetland resource area specified in 310 CMR 10.02(1)(a)

Inland Resource Area Impacts: Check all that apply below. (For Approvals Only)

Resource Area

4 [
5. [
6. X
7.

Bank

Bordering
Vegetated Wetland
Land Under
Waterbodies and
Waterways

Bordering Land

Subject to Flooding

Cubic Feet Flood Storage

s. [

Isolated Land

Subject to Flooding

Cubic Feet Flood Storage

9. [

wpaform5.doc « rev. 6/16/2015

Riverfront Area

Sq ft within 100 ft

Sq ft between 100-
200 ft

Proposed Permitted Proposed
Alteration Alteration Replacement
a. linear feet b. linear feet c. linear feet

a. square feet

5.2 (temp)

b. square feet
5.2 (temp)

a. square feet
e. cly dredged

a. gqiare feet

e. cubic feet

b. square feet

f. c/y dredged

c. square feet
na

C. square feet

b. square feet

¢. square feet

f. cubic feet

a. square feet

c. cubic feet

c. square feet

g. square feet

a. total sq. feet

b. square feet
d. cubic feet

b. total sq. feet
d. square feet

h. square feet

g. cubic feet

0

a. linear feet

Permitted

Replacement

d. linear feet
d. square feet

na
d. square feet

d. square feet

h. cubic feet

e. cubic feet

e. square feet

i squaré feet

f. cubic feet

f. square feet -

j_. square feet

Page 3 of 12



Provided by MassDEP:

204-889
MassDEP File #

Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands

WPA Form 5 — Order of Conditions

Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  eDEP Transaction #
| M| [Lijttleton Wetlands Protection Act Littleton
City/Town

B. Findings (cont.)

Coastal Resource Area Impacts: Check all that apply below. (For Approvals Only)

Proposed Permitted Proposed Permitted
Alteration Alteration Replacement  Replacement
10. Eea2e3|gnated Port Indicate size under Land Under the Ocean, below
11. [] Land Under the - _
QOcean a. square feet b. square feet

c. ¢/y dredged d. ¢/y dredged

12. [] Barrier Beaches Indicate size under Coastal Beaches and/or Coastal Dunes

below
— - . cuyd ~ cuyd
13. D Coastal Beaches a. square feet b. square feet ¢. nourishment d. nourishment
- cu yd cu yd
14. D Coastal Dunes a. square feet b. square feet c. nourishment d. nourishment
15. D Coastal Banks a. linear feet b. linear feet
16. [] Rocky Intertidal
Shores a. square feet b. square feet
17. D Salt Marshes a. square feet b. square fest C. square feet d. square feet
18. [] Land Under Salt
Ponds a. square feet b. square feet
¢. cly dredged d. cly dredged
19. [] Land Containing - B
Shelifish a. square feet b. square feet ¢. square feet d. square feet

20. [] Fish Runs Indicate size under Coastal Banks, Inland Bank, Land Under
the Ocean, and/or inland Land Under Waterbodies and

Waterways, above

a. ¢fy dredged b. cly dredged
21. 1 Land Subject to
Coastal Storm

Flowage

a. square feet b. square feet

22. [] Riverfront Area

a. total sq. feet b. total sq. feet

Sq ft within 100 ft

c.squarefeet d. square feet e.square feet . square feet

Sq ft between 100-

200 ft g. square feet h. square feet i.square feet . square feet

wpaformb.doc « rev. 6/16/2015 Page 4 of 12



Massachusetts Department of Environmental Protection Provided by MassDEP:
Bureau of Resource Protection - Wetlands 204-889

WPA Form 5 — Order of Conditions "~

Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  DEP Transaction #

Littleton Wetlands Protection Act Littleton
City/Town

B. Findings (cont.)

*#23. If the
project is for
the purpose of
restoring or
enhancing a
wetland

23. [] Restoration/Enhancement *:

a. square feet of BVW b. square feet of salt marsh

resource area 24 ] Stream Crossing(s):

in addition to

the square . - e S—
footage that a. number of new stream crossings b. number of replacement stream crossings

gﬁfe‘r’::?n C. General Conditions Under Massachusetts Wetlands Protection Act
Section B.5.c
(BVW) or
B.17.c (Salt

Marsh) above. 1 Fajlure to comply with all conditions stated herein, and with all related statutes and other
please enter . .
the additional regulatory measures, shall be deemed cause to revoke or modify this Order.
amounthere. 2. The Order does not grant any property rights or any exclusive privileges; it does not
authorize any injury to private property or invasion of private rights.
3. This Order does not relieve the permittee or any other person of the necessity of complying

with all other applicable federal, state, or local statutes, ordinances, bylaws, or regulations.

The following conditions are only applicable to Approved projects.

4. The work authorized hereunder shall be completed within three years from the date of this

Order unless either of the following apply:

a. The work is a maintenance dredging project as provided for in the Act; or

b. The time for completion has been extended to a specified date more than three years,
but less than five years, from the date of issuance. If this Order is intended to be valid
for more than three years, the extension date and the special circumstances warranting
the extended time period are set forth as a special condition in this Order.

c. If the work is for a Test Project, this Order of Conditions shall be valid for no more than
one year.

5. This Order may be extended by the issuing authority for one or more periods of up to three
years each upon application to the issuing authority at least 30 days prior to the expiration
date of the Order. An Order of Conditions for a Test Project may be extended for one
additional year only upon written application by the applicant, subject to the provisions of 310
CMR 10.05(11)(f).

6. If this Order constitutes an Amended Order of Conditions, this Amended Order of
Conditions does not extend the issuance date of the original Final Order of Conditions and
the Order will expire on unless extended in writing by the Department.

7. Any fill used in connection with this project shall be clean fill. Any fill shall contain no trash,
refuse, rubbish, or debris, including but not limited to lumber, bricks, plaster, wire, lath,
paper, cardboard, pipe, tires, ashes, refrigerators, motor vehicles, or parts of any of the
foregoing.

wpaform5.doc « rev. 6/16/2015 Page 5 of 12



Massachusetts Department of Environmental Protection Provided by MassDEP:
Bureau of Resource Protection - Wetlands 204-889

o MassDEP File #
WPA Form 5 — Order of Conditions o
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  eDEP Transaction #

Littleton Wetlands Protection Act Littleton
City/Town

C. General Conditions Under Massachusetts Wetlands Protection Act

8. This Order is not final until all administrative appeal periods from this Order have elapsed,
or if such an appeal has been taken, until all proceedings before the Department have been
completed.

9. No work shall be undertaken until the Order has become final and then has been recorded
in the Registry of Deeds or the Land Court for the district in which the land is located, within
the chain of title of the affected property. In the case of recorded land, the Final Order shall
also be noted in the Registry’s Grantor Index under the name of the owner of the land upon
which the proposed work is to be done. In the case of the registered land, the Final Order
shall also be noted on the Land Court Certificate of Title of the owner of the land upon
which the proposed work is done. The recording information shall be submitted to the
Conservation Commission on the form at the end of this Order, which form must be
stamped by the Registry of Deeds, prior to the commencement of work.

10. A sign shall be displayed at the site not less then two square feet or more than three
square feet in size bearing the words,

“Massachusetts Department of Environmental Protection” [or, “MassDEP"
“File Number 204-888 "

11. Where the Department of Environmental Protection is requested to issue a Superseding
Order, the Conservation Commission shall be a party to all agency proceedings and
hearings before MassDEP.

12. Upon completion of the work described herein, the applicant shall submit a Request for
Certificate of Compliance (WPA Form 8A) to the Conservation Commission.

13. The work shall conform to the plans and special conditions referenced in this order.

14. Any change to the plans identified in Condition #13 above shall require the applicant to
inquire of the Conservation Commission in writing whether the change is significant enough
to require the filing of a new Notice of Intent.

15. The Agent or members of the Conservation Commission and the Department of
Environmental Protection shall have the right to enter and inspect the area subject to this
Order at reasonable hours to evaluate compliance with the conditions stated in this Order,
and may require the submittal of any data deemed necessary by the Conservation
Commission or Department for that evaluation.

16. This Order of Conditions shall apply to any successor in interest or successor in control of
the property subject to this Order and to any contractor or other person performing work
conditioned by this Order.

wpaformS.doc « rev. 6/16/2015 Page 6 of 12



Massachusetts Department of Environmental Protection Provided by MassDEP:
Bureau of Resource Protection - Wetlands 204-889

WPA Form 5 — Order of Conditions asspEr e

Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  eDEP Transaction #

Littleton Wetlands Protection Act Littleton -
City/Town

C. General Conditions Under Massachusetts Wetlands Protection Act (cont.)

17. Prior to the start of work, and if the project involves work adjacent to a Bordering Vegetated
Wetland, the boundary of the wetland in the vicinity of the proposed work area shall be
marked by wooden stakes or flagging. Once in place, the wetland boundary markers shall
be maintained until a Certificate of Compliance has been issued by the Conservation
Commission.

18. All sedimentation barriers shall be maintained in good repair until all disturbed areas have
been fully stabilized with vegetation or other means. At no time shall sediments be
deposited in a wetland or water body. During construction, the applicant or his/her designee
shall inspect the erosion controls on a daily basis and shall remove accumulated sediments
as needed. The applicant shall immediately control any erosion problems that occur at the
site and shall also immediately notify the Conservation Commission, which reserves the
right to require additional erosion and/or damage prevention controls it may deem
necessary. Sedimentation barriers shall serve as the limit of work unless another limit of
work line has been approved by this Order.

19. The work associated with this Order (the “Project”)
(1Y [ is subject to the Massachusetts Stormwater Standards
(2) is NOT subject to the Massachusetts Stormwater Standards

If the work is subject to the Stormwater Standards, then the project is subject to the
following conditions:

a) All work, including site preparation, land disturbance, construction and redevelopment,
shall be implemented in accordance with the construction period pollution prevention and
erosion and sedimentation control plan and, if applicable, the Stormwater Pollution
Prevention Plan required by the National Pollution Discharge Elimination System
Construction General Permit as required by Stormwater Condition 8. Construction period
erosion, sedimentation and pollution control measures and best management practices
(BMPs) shall remain in place until the site is fully stabilized.

b) No stormwater runoff may be discharged to the post-construction stormwater BMPs
unless and until a Registered Professional Engineer provides a Certification that:

i. all construction period BMPs have been removed or will be removed by a date certain
specified in the Certification. For any construction period BMPs intended to be converted
to post construction operation for stormwater attenuation, recharge, and/or treatment, the
conversion is allowed by the MassDEP Stormwater Handbook BMP specifications and that
the BMP has been properly cleaned or prepared for post construction operation, including
removal of all construction period sediment trapped in inlet and outlet control structures;

ii. as-built final construction BMP plans are included, signed and stamped by a Registered
Professional Engineer, certifying the site is fully stabilized;

iii. any illicit discharges to the stormwater management system have been removed, as per
the requirements of Stormwater Standard 10;

wpaform5.doc + rev. 6/16/2015 Page 7 of 12



Massachusetts Department of Environmental Protection Provided by MassDEP:
Bureau of Resource Protection - Wetlands 204-889

WPA Form 5 — Ol'der Of Conditions MassDEP File #

Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  eDEP Transaction#

Littleton Wetlands Protection Act Littleton
City/Town

C. General Conditions Under Massachusetts Wetlands Protection Act (cont.)

iv. all post-construction stormwater BMPs are installed in accordance with the plans
(including all planting plans) approved by the issuing authority, and have been inspected to
ensure that they are not damaged and that they are in proper working condition;

v. any vegetation associated with post-construction BMPs is suitably established to
withstand erosion.

¢) The landowner is responsible for BMP maintenance until the issuing authority is notified
that another party has legally assumed responsibility for BMP maintenance. Prior to
requesting a Certificate of Compliance, or Partial Certificate of Compliance, the responsible
party (defined in General Condition 18(e)) shall execute and submit to the issuing authority
an Operation and Maintenance Compliance Statement (“O&M Statement) for the
Stormwater BMPs identifying the party responsible for implementing the stormwater BMP
Operation and Maintenance Plan (“O&M Plan”) and certifying the following:

i.) the O&M Plan is complete and will be implemented upon receipt of the Certificate of
Compliance, and

ii.) the future responsible parties shall be notified in writing of their ongoing legal
responsibility to operate and maintain the stormwater management BMPs and
implement the Stormwater Pollution Prevention Plan.

d) Post-construction pollution prevention and source control shall be implemented in
accordance with the long-term pollution prevention plan section of the approved
Stormwater Report and, if applicable, the Stormwater Pollution Prevention Plan required by
the National Pollution Discharge Elimination System Multi-Sector General Permit.

e) Unless and until another party accepts responsibility, the landowner, or owner of any
drainage easement, assumes responsibility for maintaining each BMP. To overcome this
presumption, the landowner of the property must submit to the issuing authority a legally
binding agreement of record, acceptable to the issuing authority, evidencing that another
entity has accepted responsibility for maintaining the BMP, and that the proposed
responsible party shall be treated as a permittee for purposes of implementing the
requirements of Conditions 18(f) through 18(k) with respect to that BMP. Any failure of the
proposed responsible party to implement the requirements of Conditions 18(f) through
18(k) with respect to that BMP shall be a violation of the Order of Conditions or Certificate
of Compliance. In the case of stormwater BMPs that are serving more than one lot, the
legally binding agreement shall also identify the lots that will be serviced by the stormwater
BMPs. A plan and easement deed that grants the responsible party access to perform the
required operation and maintenance must be submitted along with the legally binding
agreement.

f) The responsible party shall operate and maintain all stormwater BMPs in accordance
with the design plans, the O&M Plan, and the requirements of the Massachusetts
Stormwater Handbook.

wpaformS.doc « rev. 6/16/2015 Page 8 of 12



Massachusetts Department of Environmental Protection Provided by MassDEP:

Bureau of Resource Protection - Wetlands 204-889

. n MassDEP File #
WPA Form 5 — Order of Conditions
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  eDEP Transaction #

Littleton Wetlands Protection Act Littleton
City/Town

C. General Conditions Under Massachusetts Wetlands Protection Act (cont.)

g) The responsible party shall:

1. Maintain an operation and maintenance log for the last three (3) consecutive
calendar years of inspections, repairs, maintenance and/or replacement of the
stormwater management system or any part thereof, and disposal (for disposal the
log shall indicate the type of material and the disposal location);

2. Make the maintenance log available to MassDEP and the Conservation
Commission (“Commission”) upon request; and

3. Allow members and agents of the MassDEP and the Commission to enter and
inspect the site to evaluate and ensure that the responsible party is in compliance
with the requirements for each BMP established in the O&M Plan approved by the
issuing authority.

h) All sediment or other contaminants removed from stormwater BMPs shall be disposed
of in accordance with all applicable federal, state, and local laws and regulations.

i) llicit discharges to the stormwater management system as defined in 310 CMR 10.04
are prohibited.

i) The stormwater management system approved in the Order of Conditions shall not be
changed without the prior written approval of the issuing authority.

k) Areas designated as qualifying pervious areas for the purpose of the Low Impact Site
Design Credit (as defined in the MassDEP Stormwater Handbook, Volume 3, Chapter 1,
Low Impact Development Site Design Credits) shall not be altered without the prior written
approval of the issuing authority.

I) Access for maintenance, repair, and/or replacement of BMPs shall not be withheld.
Any fencing constructed around stormwater BMPs shall include access gates and shall be
at least six inches above grade to allow for wildlife passage.

Special Conditions (if you need more space for additional conditions, please attach a text
document):
SEE ATTACHED

20. For Test Projects subject to 310 CMR 10.05(11), the applicant shall also implement the
monitoring plan and the restoration plan submitted with the Notice of Intent. If the
conservation commission or Department determines that the Test Project threatens the
public health, safety or the environment, the applicant shall implement the removal plan
submitted with the Notice of Intent or modify the project as directed by the conservation
commission or the Department.

wpaformb.doc » rev. 6/16/2015 Page 9 of 12



Massachusetts Department of Environmental Protection Provided by MassDEP:
Bureau of Resource Protection - Wetlands 204-889

WPA Form 5 — Order of Conditions assDEF Fle¥

Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  DEP Transaction #

Littleton Wetlands Protection Act Littleton
City/Town

D. Findings Under Municipal Wetlands Bylaw or Ordinance

1. s a municipal wetlands bylaw or ordinance applicable? [X] Yes [ No

2. The Littleton hereby finds (check one that applies):
Conservation Commission
a. [ that the proposed work cannot be conditioned to meet the standards set forth in a
municipal ordinance or bylaw, specifically:

1. Municipal Ordinance or Bylaw o 2. Citation

Therefore, work on this project may not go forward unless and until a revised Notice of
Intent is submitted which provides measures which are adequate to meet these
standards, and a final Order of Conditions is issued.

b. [X that the following additional conditions are necessary to comply with a municipal
ordinance or bylaw:
Littleton Wetlands Protection Bylaw Chi171

1. Municipal Ordinance or Bylaw 2. Citation

3. The Commission orders that all work shall be performed in accordance with the following
conditions and with the Notice of Intent referenced above. To the extent that the following
conditions modify or differ from the plans, specifications, or other proposals submitted with
the Notice of Intent, the conditions shall control.
The special conditions relating to municipal ordinance or bylaw are as follows (if you need
more space for additional conditions, attach a text document):
SEE ATTACHED

wpaformd.doc » rev. 6/16/2015 Page 10 of 12



Littleton Conservation Commission

MA Wetlands Protection Act and ByLaw Special Order of Conditions

DEP File #204-889
Owner/Applicant: Littleton Electric Light and Water Department
Project Title/Address: 686 Great Road (Spectacle Pond Outlet)

Findings: This Order of Conditions is for installation of new stop logs at the Spectacle Pond outlet and
empirical flow testing in support of the Stony Brook Flow Restoration project. The MA Division of Fish and
Wildlife found on May 3, 2019 that the proposed project will not result in a prohibited Take of state-listed
rare species if the required timing of the flow testing is adhered to.

Findings Under the Littleton Wetlands Protection Bylaw Requlations:

The Commission found, pursuant to Section 1.4 of its Wetlands Protection Regulations, that a waiver of
the minimum 50-foot No Disturbance Area (NDA) was in the public interest, consistent with the intent and
purpose of the Wetlands Protection Bylaw, and the least environmentally damaging practicable alterna-
tive (LEDPA). This is due to the significant public interest in restoring base flows along Stony Brook to
enhance environmental conditions.

PRE-CONSTRUCTION CONDITIONS

PC-1. Pursuant to General Condition #9, the Order of Conditions must be registered in the Registry of
Deeds, Middlesex South prior to commencement of work. The Littleton Conservation Commission (LCC)
hereby orders that it be recorded in the registry and notice filed with the LCC no later than four (4) weeks
from the date of this Order of Conditions. Failure to comply with this condition may be deemed cause to
revoke this Order of Conditions.

PC-2. This Order of Conditions shall apply to any successor in interest or successor in control of the
property. In the event that this property should change in ownership before or during construction or be-
fore a Certificate of Compliance is issued, any successor in interest or successor in control of this proper-
ty shall meet with the LCC before construction shall begin or continue.

PC-3. In conjunction with the sale of the property or any subdivision of the property governed by this Or-
der of Conditions before a Certificate of Compliance is issued the Applicant shall submit to the LCC a
signed statement by the buyer that he/she is aware of an outstanding Order or Conditions on the devel-
opment and has received a copy of this Order of Conditions.

PC-4. Any change or changes made or intended to be made, in the plans shall require the Applicant to
file a new Notice of Intent, or to inquire of the LCC in writing whether the change or changes are substan-
tial enough to require a new filing.

PC-5. Members and agents of the LCC shall have the right to enter and inspect the premises at any time
and without notice to evaluate compliance with the Order of Conditions, and the LCC may require the
submittal of any data necessary for the LCC to evaluate compliance.

PC-6. This document shall be included in all construction contracts and sub-contracts dealing with the
work proposed and shall supersede any conflicting contract requirements.



PC-7. This document and approved plans shall be kept available on site at all times in a watertight enclo-
sure.

PC-8. The Applicant/Owner is responsible for ensuring that all persons performing the permitted activities
are fully aware of the terms and conditions of this Order.

PC-9. Prior to construction the general contractor shall designate a construction staging area, located
outside all resource areas and buffer zones. All construction trailers, portable sanitary facilities, material
storage and overnight parking of equipment shall be in the staging area. The perimeter of the staging ar-
ea shall be protected as necessary with silt fence and the ground surface shall be protected with washed
stone or another suitable non-erosive material.

PC-10. An area for cleanup and or maintenance of construction equipment shall be designated prior to con-
struction. Any runoff resulting from the washing of trucks or construction equipment (include cement
trucks) shall neither be directed to, nor dumped in, any on-site drainage system or in any area subject to
protection under the Massachusetts Wetlands Protection Act. Any such washing shall occur in a desig-
nated area, protected by washed stone, outside of all resource areas and buffer zones. All construction
vehicles exiting the property shall be cleaned of soil prior to traveling on public streets within the Town of
Littleton.

PC-11. Prior to commencing any work the Applicant shall provide LCC with a list of all chemicals, pesti-
cides, herbicides, fertilizers, fuels and other potentially hazardous materials anticipated to be used or
stored on the premises. This list shall be updated prior to new subcontractors being allowed to store or
use potentially hazardous materials on site. The method and location of storage shall be clearly described
and shown on a site plan. The Applicant must immediately notify the LCC, Littleton Fire Department, and
Mass DEP, when any spill of fuel, oil or hazardous waste occurs.

CONSTRUCTION CONDITIONS

C-1. The Commission will be notified one week prior to construction to allow for a pre-construction meet-
ing. The following people shall, at a minimum, be present: Conservation Coordinator, the Applicant or
their representative, the Contractor, and the individual responsible for erosion control monitoring. The
purpose of the pre-construction meeting shall be to review the Order of Conditions, inspect erosion con-
trols, discuss erosion control monitoring and collect the names and numbers of individuals responsible for
the daily activities and erosion control at the site.

C-2. During construction, the owner shall identify a person who shall be available either in person or by
phone (office, cell or home); this number is to be given to the LCC (or agent) who has the authority to di-
rect the contractor to take measures of erosion and sedimentation control, to receive comments from the
LCC or its agent, and cease work.

C-3. The LCC and/or its agent(s) have the authority to inform the owners or their representatives of viola-
tions of the erosion and sediment control measures of this Order. Upon such notification the owners shall
take immediate action to correct the violation.

C-4. Used petroleum products from the maintenance of construction equipment and any construction de-
bris shall be collected and disposed of off-site in a proper and prompt manner. The construction site shall
be maintained in a clean condition.



C-5. No portable toilets, fuel, oil, trash, dumpsters or other possible pollutants/contaminants shall be
stored in any resource area or buffer zone, unless specified on the plans for the Order of Conditions.
Dumpsters shall be covered.

C-6. No overnight parking or storage of construction vehicles is allowed in resource areas or buffer zones
unless specified on the plans for the Order of Conditions. No fueling of construction vehicles is allowed in
resource areas or buffer zones.

C-7. During construction, dust control (if required) shall be limited to water; no salts or other wetting
agents shall be used.

C-8. Any leakage or spillage of oil, hydraulic fluid, gasoline, or other pollutants must be cleaned up imme-
diately and disposed of off the site. All fueling of equipment shall be performed outside of wetland re-
source areas and buffer zones. The LCC, Littleton Fire Department, Littleton Water Department and MA
Department of Environmental Protection shall be notified immediately in the event of any spillage.

C-9. Appropriate erosion and sediment control measures shall be taken. These measures include but
are not limited to:

a) Once begun, the grading and construction shall move uninterrupted to completion to avoid
erosion and siltation of the wetlands. If it becomes necessary to delay completion of the project, tempo-
rary measures to stabilize sensitive areas are required.

b) As soon as possible during construction all disturbed areas shall be brought to final grade and
stabilized with permanent vegetative cover.

c) Storm drainage systems and detention basins shall be constructed during the initial phase of
the project so that they may be functional during construction.

d) The Applicant shall have on hand at the start of any soil disturbance removal or stockpiling a
sufficient number of hay bales, wattles, silt fence and stakes for the control of emergency erosion prob-
lems. These emergency siltation and sediment control devices shall not be used for the normal control of
erosion.

e) If at any time sediment accumulates more than halfway up any portion of the ero-
sion/sedimentation controls, it shall be immediately removed. The erosion/sedimentation controls may
not be removed until all sedimentation is removed and area stabilized.

f) Appropriate sedimentation and erosion controls shall be placed around any existing outlet
which is to be removed before such removal may commence.

g) Erosion controls shall be installed before any work may begin.

C-10. After the erosion control measures are installed the Applicant or their contractor shall contact the
LCC so that the LCC or its agent can inspect and approve the measures before any other activity takes
place on the site within a resource area or the Buffer Zone.

C-11. Sedimentation barriers shall serve as the limit of work unless another limit of work line has been
approved by this Order of Conditions. Construction equipment is prohibited beyond installed siltation barri-
er.

C-12. Erosion control methods shall consist of hay bales, 12-inch wattles and/or silt fencing, alone or in
combination, as authorized by the LCC. After the erosion control measures are installed the Applicant or
their contractor shall contact the LCC so that the LCC or its agent can inspect and approve the measures
before any other activity takes place on the site within a resource area or the Buffer Zone. To minimize



wildlife entanglement and plastic debris pollution, choose temporary erosion and sediment control prod-
ucts that either do not contain netting, or that contain netting manufactured from 100% biodegradable
non-plastic materials such as jute, sisal, or coir fiber. [Degradable, photodegradable, UV degradable, oxo-
degradable, or oxo-biodegradable plastic netting (including polypropylene, nylon, polyethylene, and poly-
ester) are not acceptable alternatives.] Netting used in these products should have a loose-weave wild-
life-safe design with movable joints between the horizontal and vertical twines, allowing the twines to
move independently and thus reducing the potential for wildlife entanglement. Avoid the use of silt fence
reinforced with metal or plastic mesh. When no longer required, temporary erosion and sediment controls
should be promptly removed.

C-13. If unforeseen problems occur during construction which may affect the statutory interests of the
Wetlands Protection Act regulations or the Littleton Wetlands Protection Bylaw and regulations, the LCC
shall immediately be notified and an immediate meeting held between the LCC, the Applicant and/or the
representatives, and other concerned parties to determine the correct measures employed to resolve the
issue. The Applicant shall then act to correct the problems using the measures agreed upon. Subsequent
to resolution, the Applicant shall document the actions in writing to the LCC.

C-14. Any damage caused as a direct result of this project to any wetland resource areas, except as per-
mitted by this Order of Conditions, shall be the responsibility of the Applicant to repair, restore and/or re-
place. Sedimentation or erosion into resource areas shall be considered an alteration of that resource ar-
ea. If such damage occurs, the LCC shall be notified immediately and a plan for abatement and mitigation
of the problem shall be submitted for approval and implementation.

C-15. Two (2) sets of 'as-built' plans for the project, drawn by a registered engineer or architect if the No-
tice of Intent plans were similarly prepared by a registered professional engineer, shall be submitted to
the LCC at the same time as a written request for a Certificate of Compliance (WPA Form 8A) and shall
specify in detail how the completed plan differs from that shown on the plans referred to in the Order of
Conditions.



DIVISION OF
FISHERIES & WILDLIFE

1 Rabbit Hill Road, Westhorough, MA 01581
p:{508) 389-6300 | f: (508) 389-7890
MASS.GOV/MASSWILDLIFE

MASSWILDLIFE

May 03, 2019

Cory Godfrey

Littleton Electric Light and Water Departments
39 Ayer Road

Littleton, MA 01460

Mark Warren
Westford Water Department
60 forge Village Road

Westford, MA 01886
RE: Applicant: Cory Godfrey, Littleton Electric Light and Water Departments
Mark Warren, Westford Water Department
Project Location: Spectacle Pond, Littleton; Forge Pond, Westford
Project Description: Stony Brook Watershed Restoration Project: Empirical Testing
NHESP File No.: 19-38594

Dear Applicants:

The Natural Heritage & Endangered Species Program of the Massachusetts Division of Fisheries &
Wildlife (the “Division”) received the MESA Project Review Checklists, Project Plans and other required
materials for review pursuant to the Massachusetts Endangered Species Act (MESA) (MGL c.131A) and
its implementing regulations (321 CMR 10.00).

The MESA is administered by the Division, and prohibits the Take of state-listed species. The Take of
state-listed species is defined as “in reference to animals...harm..kill...disrupt the nesting, breeding,
feeding or migratory activity...and in reference to plants...collect, pick, kill, transplant, cut or
process...Disruption of nesting, breeding, feeding, or migratory activity may result from, but is not
limited to, the modification, degradation, or destruction of Habitat” of state-listed species (321 CMR
10.02).

The Division has determined that this Project, as currently proposed, will occur within the actual habitat
of the Blanding’s Turtle (Emydoidea blandingii), a species state-listed as Threatened. This species and its
habitats are protected in accordance with the MESA.

Based on the information provided and the information contained in our database, the Division finds
that a portion of this project, as currently proposed, must be conditioned in order to avoid a prohibited
Take of state-listed species (321 CMR 10.18(2)(a)). To avoid a prohibited Take of state-listed species, the
following conditions must be met:

MASSWILDLIFE
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e All empirical testing must occur during the Blanding’s turtle active season (April 16th — October
14th). No work shall occur following October 14™.

Provided the above-noted condition is fully implemented and there are no changes to the project plans,
this project will not result in a Take of state-listed species. We note that all work is subject to the anti-
segmentation provisions (321 CMR 10.16) of the MESA. This determination is a final decision of the
Division of Fisheries and Wildlife pursuant to 321 CMR 10.18. Any changes to the proposed project or
any additional work beyond that shown on the site plans may require an additional filing with the
Division pursuant to the MESA. This project may be subject to further review if no physical work is
commenced within five years from the date of issuance of this determination, or if there is a change to
the project.

The Division notes that any future projects or activities proposed on the property which are (a) located
outside of the approved limit of work shown on the site plan, (b) not exempt from review pursuant to
321 CMR 10.14, and (c) located within mapped Priority Habitat as indicated in the Massachusetts
Natural Heritage Atlas, will require review by the Division pursuant to MESA. Furthermore, 321 CMR
10.16 provides that projects shall not be segmented or phased to evade or defer the review
requirements under MESA. If the Division determines, based on the considerations provided for in 321
CMR 10.16, that a future project or activity proposed on the property is part of a larger common project
or scheme, it may evaluate the cumulative impacts of the existing and proposed segments of the
common project when reviewing the future proposed project or activity pursuant to MESA.

Please note that this determination addresses only the matter of state-listed species and their habitats.
if you have any questions regarding this letter please contact David Paulson, Senior Endangered Species
Review Biologist, at (508) 389-6366.

Sincerely,

V.

Jonathan V. Regosin, Ph.D.
Deputy Director

cc: Hayley O’Grady, Geosyntec Consultants, Inc.

Chris Yule, Yule Development
Town of Littleton

MASSWILDLIFE



Massachusetts Department of Environmental Protection Provided by MassDEP:
Bureau of Resource Protection - Wetlands _ 204 - ¥55

WPA Form 5 - Order of Conditions MeseDEP Fle ¥~

Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  eDEP Transaction #

Littleton Wetlands Protection Act I OY S BT Ny
City/Town

E. Signatures

This Order is valid for three years, unless otherwise specified as a special S: 2] 251G
condition pursuant to General Conditions #4, from the date of issuance. 1. Date of Issuance
Please indicate the number of members who will sign this form. Z

This Order must be signed by a majority of the Conservation Commission. 2. Number of Signers

The Order must be mailed by certified mail (retum receipt requested) or hand delivered to the applicant. A
copy also must be mailed or hand delivered at the same time to the appropriate Department of
Environmental Protection Regional Office, if not filing electronically, and the praperty owner, if different
from applicant. / ’

Q) _
) = [/’J

Se [] by certified mail, return receipt
\EU by lland delivery on requested, on
_521-2e09 - - -
Date Date -
F. Appeals

The applicant, the owner, any person aggrieved by this Order, any owner of land abutting the
land subject to this Order, or any ten residents of the city or town in which such land is located,
are hereby notified of their right to request the appropriate MassDEP Regional Office to issue a
Superseding Order of Conditions. The request must be made by certified mail or hand delivery
to the Department, with the appropriate filing fee and a completed Request for Departmental
Action Fee Transmittal Form, as provided in 310 CMR 10.03(7) within ten business days from
the date of issuance of this Order. A copy of the request shall at the same time be sent by
certified mail or hand delivery to the Conservation Commission and to the applicant, if he/she is
not the appellant.

Any appellants seeking to appeal the Department’s Superseding Order associated with this
appeal will be required to demonstrate prior participation in the review of this project. Previous
participation in the permit proceeding means the submission of written information to the
Conservation Commission prior to the close of the public hearing, requesting a Superseding
Order, or providing written information to the Department prior to issuance of a Superseding
Order.

The request shall state clearly and concisely the objections to the Order which is being
appealed and how the Order does not contribute to the protection of the interests identified in
the Massachusetts Wetlands Protection Act (M.G.L. ¢c. 131, § 40), and is inconsistent with the
wetlands regulations (310 CMR 10.00). To the extent that the Order is based on a municipal
ordinance or bylaw, and not on the Massachusetts Wetlands Protection Act or regulations, the
Department has no appellate jurisdiction.
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Massachusetts Department of Environmental Protection Provided by MassDEP:
Bureau of Resource Protection - Wetlands 204-889

WPA Form 5 — Order of Conditions asspErTle

Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  eDEP Transaction #

Littleton Wetlands Protection Act Littleton
City/Town

G. Recording Information

Prior to commencement of work, this Order of Conditions must be recorded in the Registry of
Deeds or the Land Court for the district in which the land is located, within the chain of title of
the affected property. In the case of recorded land, the Final Order shall also be noted in the
Registry’s Grantor Index under the name of the owner of the land subject to the Order. In the
case of registered land, this Order shall also be noted on the Land Court Certificate of Title of
the owner of the land subject to the Order of Conditions. The recording information on this page
shall be submitted to the Conservation Commission listed below.

Conservation Commission

Detach on dotted line, have stamped by the Registry of Deeds and submit to the Conservation
Commission.

Conservation Commission

Please be advised that the Order of Conditions for the Project at:

Project Location MassDEP File Number

Has been recorded at the Registry of Deeds of:

County Book Page

for: Property Owner N

and has been noted in the chain of title of the affected property in:

Book Page

In accordance with the Order of Conditions issued on:

Date

If recorded land, the instrument number identifying this transaction is:

Instrument Number

If registered land, the document number identifying this transaction is:

Document Number

Signature of Applicant

wpaformb.doc « rev. 6/16/2015 Page 12 of 12



Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands

Request for Departmental Action Fee

Transmittal Form
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40

DEP File Number:

Provided by DEP

A. Request Information

1. Location of Project

a. Street Address ' b. City/Town, Zip -

¢. Check number - d. Fee amount

Important: . . . " ) .
Wr? en filling 2. Person or party making request (if appropriate, name the citizen group’s representative):

out forms on

the computer, Name

use only the

tab key to Mailing Address - -
move your

cursor - do City/Town - State Zip Code
not use the

return key. Phone Number - Fax Number (if applicable)

3. Applicant (as shown on Determination of Applicability (Form 2), Order of Resource Area Delineation
(Form 4B), Order of Conditions (Form 5), Restoration Order of Conditions (Form 5A), or Notice of
Non-Significance (Form 6)):

Name

K/Iailing Address

City/Town State N Zip Code

Phone Number ) Fax Number (if applicable)

4. DEP File Number:

B. Instructions

1. When the Departmental action request is for (check one):

] Superseding Order of Conditions — Fee: $120.00 (single family house projects) or $245 (all other
projects)

[] Superseding Determination of Applicability — Fee: $120

[] Superseding Order of Resource Area Delineation — Fee: $120

wpaformb5.doc ¢ rev. 4/22/2015 Page 1 of 2



Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands

Request for Departmental Action Fee
Transmittal Form

DEP File Number:

Provided by DEP

Massachusetts Wetlands Protection Act M.G.L. c. 131, §40

B. Instructions (cont.)

Send this form and check or money order, payable to the Commonwealth of Massachusetfts, to:

Department of Environmental Protection
Box 4062
Boston, MA 02211

2. On a separate sheet attached to this form, state clearly and concisely the objections to the
Determination or Order which is being appealed. To the extent that the Determination or Order is
based on a municipal bylaw, and not on the Massachusetts Wetlands Protection Act or regulations,
the Department has no appellate jurisdiction.

3. Send a copy of this form and a copy of the check or money order with the Request for a
Superseding Determination or Order by certified mail or hand delivery to the appropriate DEP
Regional Office (see http://www.mass.gov/eea/agencies/massdep/about/contacts/).

4. A copy of the request shall at the same time be sent by certified mail or hand delivery to the
Conservation Commission and to the applicant, if he/she is not the appellant.

wpaformb.doc » rev. 4/22/2015 Page 2 of 2
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DIVISION OF
FISHERIES & WILDLIFE

1 Rabbit Hill Road, Westborough, MA 01581
p: (508) 389-6300 | f: (508) 389-7890
MASS.GOV/MASSWILDLIFE

MASSWILDLIFE

May 03, 2019

Cory Godfrey

Littleton Electric Light and Water Departments
39 Ayer Road

Littleton, MA 01460

Mark Warren

Westford Water Department
60 forge Village Road
Westford, MA 01886

RE: Applicant: Cory Godfrey, Littleton Electric Light and Water Departments
Mark Warren, Westford Water Department
Project Location: Spectacle Pond, Littleton; Forge Pond, Westford
Project Description: Stony Brook Watershed Restoration Project: Empirical Testing
NHESP File No.: 19-38594

Dear Applicants:

The Natural Heritage & Endangered Species Program of the Massachusetts Division of Fisheries &
Wildlife (the “Division”) received the MESA Project Review Checklists, Project Plans and other required
materials for review pursuant to the Massachusetts Endangered Species Act (MESA) (MGL c.131A) and
its implementing regulations (321 CMR 10.00).

The MESA is administered by the Division, and prohibits the Take of state-listed species. The Take of
state-listed species is defined as “in reference to animals...harm...kill...disrupt the nesting, breeding,
feeding or migratory activity...and in reference to plants...collect, pick, kill, transplant, cut or
process...Disruption of nesting, breeding, feeding, or migratory activity may result from, but is not
limited to, the modification, degradation, or destruction of Habitat” of state-listed species (321 CMR
10.02).

The Division has determined that this Project, as currently proposed, will occur within the actual habitat
of the Blanding’s Turtle (Emydoidea blandingii), a species state-listed as Threatened. This species and its
habitats are protected in accordance with the MESA.

Based on the information provided and the information contained in our database, the Division finds
that a portion of this project, as currently proposed, must be conditioned in order to avoid a prohibited
Take of state-listed species (321 CMR 10.18(2)(a)). To avoid a prohibited Take of state-listed species, the
following conditions must be met:

MASSWILDLIFE



NHESP No. 19-38594, Page 2

e All empirical testing must occur during the Blanding’s turtle active season (April 16th — October
14th). No work shall occur following October 14™.

Provided the above-noted condition is fully implemented and there are no changes to the project plans,
this project will not result in a Take of state-listed species. We note that all work is subject to the anti-
segmentation provisions (321 CMR 10.16) of the MESA. This determination is a final decision of the
Division of Fisheries and Wildlife pursuant to 321 CMR 10.18. Any changes to the proposed project or
any additional work beyond that shown on the site plans may require an additional filing with the
Division pursuant to the MESA. This project may be subject to further review if no physical work is
commenced within five years from the date of issuance of this determination, or if there is a change to
the project.

The Division notes that any future projects or activities proposed on the property which are (a) located
outside of the approved limit of work shown on the site plan, (b) not exempt from review pursuant to
321 CMR 10.14, and (c) located within mapped Priority Habitat as indicated in the Massachusetts
Natural Heritage Atlas, will require review by the Division pursuant to MESA. Furthermore, 321 CMR
10.16 provides that projects shall not be segmented or phased to evade or defer the review
requirements under MESA. If the Division determines, based on the considerations provided for in 321
CMR 10.16, that a future project or activity proposed on the property is part of a larger common project
or scheme, it may evaluate the cumulative impacts of the existing and proposed segments of the
common project when reviewing the future proposed project or activity pursuant to MESA.

Please note that this determination addresses only the matter of state-listed species and their habitats.
If you have any questions regarding this letter please contact David Paulson, Senior Endangered Species

Review Biologist, at (508) 389-6366.

Sincerely,

V. Y~

Jonathan V. Regosin, Ph.D.
Deputy Director

cc: Hayley O’Grady, Geosyntec Consultants, Inc.

Chris Yule, Yule Development
Town of Littleton

MASSWILDLIFE



Chapter 91 Minor Project Modification Authorization



Commonwealth of Massachusetts
Executive Office of Energy & Environmental Affairs

Department of Environmental Protection

One Winter Street Boston, MA 02108 = 8172925500

Charles D Baker Kathleen A. Thecharides
Governor : Secretary
Karyn E. Polito

Martin Suuberg

Lieutenant Governor Commissioner

June 17, 2019

Littleton Electric Light and Water Departments
c/o Hayley O’Grady, Geosyntec Consultants
289 Great Road, Suite 202

Acton, Massachusetts 01720

Re: Request for a Minor Project Medification Pursuant to 310 CMR 9.05(3)(c)
Stony Brook Flow Restoration Project, Spectacle Pond, Littleton, Middlesex County

Dear Ms. O’Grady:

The Massachusetts Department of Environmental Protection Waterways Regulation Program (the
“Department”) received your letter on behalf of Littleton Electric Light and Water Departments
dated May 16, 2019, received by the Department on on May 17, 2019, requesting authorization to
conduct maintenance activities within Chapter 91 jurisdiction pursuant to the regulations at 310
CMR 9.05(3)(c) and 310 CMR 9.22. The submittal included:

A letter in support of the request for a Minor Project Modification dated May 16, 2019;
Figures 1-2; :

Low Flow Release Narrative and Conceptual Equipment Schematlc Sheets 1-3;

Stony Brook Final Streamflow Restoration Plan.

As described in your letter and depicted on the plan, the proposed scope of work will mclude the
following activities:

» Remove existing stop logs as needed, install a new concrete stop log within the existing
stop log structure, and secure the knife gate valve in place.

A review of the Department’s Waterways records did not identify any licensing history for the
subject outlet structure. Based on a review of the scope of work and use of the structures as
specified above, the Department has determined that the project meets 310 CMR 9.05(3)(c),
“continuation of any existing, unauthorized public service project, provided that no unauthorized
- structural alteration or change in use has occurred subsequent to January 1, 1984, unless the

This information is available in alternate format. Contact Michelle Waters-Ekanem, Diractor of Biversity/Civil Rights at 617-202.5751.
TTY# MassRelay Service 1-800-439-2370
Mass DEF Website: www.mass.govidep

Printad on Rec¢ycled Paper



Request for Minor Project Modification (310 CMR 9.05(3)(c)) - Page 2 of 2
Stony Brook Flow Restoration Project, Spectacle Pond, Littleton, Middlesex County

Department determines, upon notice and opportunity for public comment, that licensing is
essential to prevent significant harm to an overriding water-related public interest”, and is therefore
authorized in accordance with the regulations at 310 CMR 9.22(3).

The Department will retain this correspondence approving the proposed work along with the
referenced submittal in our records. The work must conform to and be consistent with all submitted
documentation. This Departmental action does not relieve or exempt you of the requirement to
obtain all other applicable local, State and Federal authorizations necessary to perform said
activities. :

Should you have any further questions concerning this matter please contact Chrissy Hopps at
Chrisiine. Hopps@mass.gov or (617) 348-4084. Thank you.

Sincerel

Ben Lynch
Section Chief
Waterways Regulation Program

cc:  Corey Godfrey, Littleton Electric Light and Water Departments (via email)
Littleton Conservation Commission
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ACRONYMS AND ABBREVIATIONS

ADV Acoustic Doppler Velocimeter
DEP Department of Environmental Protection
DER Division of Ecological Restoration
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LWD Littleton Water Department
QA/QC Quality Assurance/Quality Control
RMN Regional Monitoring Network
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1. PURPOSE AND SCOPE

This Stream Gaging Field Protocol was prepared to document the project-specific protocols to be
used by all parties conducting stream gaging in support of the Stony Brook Flow Restoration
Project, funded through a Massachusetts Department of Environmental Protection (DEP) Water
Management Act (WMA) grant. It is expected that as part of this project, staff from Geosyntec
Consultants, Inc. (Geosyntec), Littleton Water Department (LWD), Westford Water Department
(WWD), and the Massachusetts Department of Fish and Game, Division of Ecological Restoration
(DER) [the Project Team] will all conduct stream gaging activities to support project tasks.
Therefore, this document will support consistency across the Project Team’s activities.

Four continuous water level monitoring stations, with In-Situ Inc. Level Troll 500 data loggers,
were installed upstream or just downstream of the outlets of Mill Pond, Forge Pond, Spectacle
Pond, and Stony Brook Dam during previous project phases (WWD et al., 2018). Stage-discharge
rating curves were developed at these locations to estimate streamflow discharge based on
measured depths but were not field-validated due to schedule constraints. Stream gaging will be
performed downstream of all four monitoring locations using a handheld velocity meter at
established cross-sections. The existing rating curves will be validated using the stream gaging
measurements collected during at least ten (10)! flow measurement events conducted during a
variety of flow conditions (i.e., low to high), as feasible.

This protocol is based on stream gaging guidance provided in the US Environmental Protection
Agency Best Practices for Continuous Monitoring of Temperature and Flow in Wadable Streams
Guidance Document (US EPA, 2014), United States Geological Survey (USGS) Discharge
measurements at gaging stations (Turnipseed and Sauer, 2010), USGS Measurement and
computation of streamflow: Measurement of stage and discharge (Rantz et al., 1982), and past
project experience. See Figure 1 for all proposed stream gaging locations and Figures 2 through 5
for specific details on each site’s parking areas, accessibility, and the proposed stream gaging
cross-section locations.

2. STREAMFLOW MEASUREMENT PROTOCOL

Streamflow is calculated by summing discharge measurements at several segments within each
cross-section of a stream. Streamflow will be measured during at least ten (10) flow events at each
monitoring location to observe changes in discharge under varying conditions. This section
describes the necessary equipment and procedure for measuring streamflow.

2.1 Equipment

The basic equipment for measuring streamflow includes:

1 As part of this WMA grant funded project, the Project Team will only collect three to five stream gaging
measurements. The Project Team will continue to collect measurements following project completion as part of
ongoing project priorities and a subsequent DER Priority Project planned for the future.

Stream Gaging Field Protocol 1 April 2019
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e Field form and writing utensil to record field data (Attachment A);

e Velocity meter to measure point velocity and calculate discharge. An Acoustic Doppler
Velocity meter, specifically a FlowTracker or FlowTracker2 manufactured by SonTek/YSI
Inc., or a HACH FH950 handheld flow meter (or prior approved equivalent), will be used
to measure discharge for this project;

e Velocity meter technical manual to review data collection procedures and to troubleshoot
potential issues while in the field (Attachments B, C, and D);

e Wading rod to measure the wetted depth and to set the velocity meter at the appropriate
depth;

e Measuring tape and stakes to define the cross-section and to determine the intervals along
the cross-section where channel depth and velocity will be measured;

e Camera to record site conditions;
e Spare batteries for velocity meters (e.g., 8 AA for FlowTracker); and

¢ Field clothing such as waders, waterproof boots, and appropriate clothing to wear when
working near or in streams.

These lists do not include Health and Safety equipment. A Task Hazard Analysis (THA) is
included as Attachment E for Geosyntec staff, outlining equipment, procedures, and protocol to
promote a safe environment during these field activities. It is expected that LWD, WWD, and DER
will separately develop safety procedures and protocols for their personnel.

2.2 Streamflow Discharge Measurement and Calculation Procedure

The steps described below should be followed in order to measure and calculate streamflow
discharge. Each of these steps will be completed at each of the four monitoring locations
downstream of where existing water level sensors are currently installed. The locations have been
selected according to accessibility and channel definition (see Figure 1). Figure 6 depicts the layout
of a channel cross-section for obtaining discharge data, using the velocity-area procedure and
collected velocity and depth measurements (Geosyntec, 2014).

1. Prepare for field visit

o Notify (via email) applicable site owners(s) and Project Team of planned stream
gaging event (Table 1);

Stream Gaging Field Protocol
April 2019
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Table 1: Site Owner and Project Team Contact Information

Name Organization | E-Mail P{:;ﬁt Si(tlz(gtnir:)tr%ct
Mark Warren WWD mwarren@westfordma.gov Yes Stony Brook
Corey Godfrey LWD cgodfrey@lelwd.com Yes Sp?&ti?flsozgnd’
Michelle Craddock | DER michelle.craddock@mass.gov Yes -

Kate Bentsen DER kate.bentsen@mass.gov Yes -
Andrea Braga Geosyntec abraga@geosyntec.com Yes -

Adam Questad Geosyntec aquestad@geosyntec.com Yes -
Christopher Yule Abbott Mill chris@yuledevelopment.com - Forge Pond

o Order and gather required equipment (see Section 2.1):

Confirm Flowtracker or Flowtracker2 is available for use or rent
replacement meter (Hach FH950 handheld flow meter) from US
Environmental in Waltham, MA (781-899-1560); and

Load preliminary information into meter (e.g., operator, stream name).

0 Review Health and Safety procedures and this protocol for site accessibility
information.

2. Select site for discharge measurement

0 At each site, use the Stream Gaging Site Location figures (Figures 2 through 5) to
identify the proposed cross-section measurement location. During the first stream
gaging event, the proposed locations will be reviewed with respect to their
accessibility and/or whether modifying the location will meet more of the following
ideal cross-section characteristics:

Be arelatively straight stream channel without undercut banks, with defined
edges and with a fairly uniform shape;

Contain limited vegetation, large cobbles, and boulders;
Not have eddies, slack water, or turbulence;

Be greater than 0.5 feet deep and have velocities greater than 0.5 feet per
second;

Have similar flow conditions to those at the gaging station; and

Not have tributaries, drain pipes, or other influent or effluent water streams
between the cross-section and the gaging station.

Stream Gaging Field Protocol

April 2019
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o0 Minor alterations such as removing excessive vegetation or large rocks may
improve cross-section quality. These changes must be made prior to starting
measurement collection.

3. Record gage height and/or depth of water adjacent to upstream monitoring location
before start of discharge measurement

4. Establish the cross-section and reference bank

0 Once alocation is selected, extend a measuring tape across the stream perpendicular
to the direction of flow. Anchor the tape at both banks with stakes. Leave tape in
place for the duration of the discharge measurement Record the total length and
GPS coordinates of each bank on the field form.

0 Anchor stakes sufficiently and leave them in-place between stream gaging
measurement events so that the same location can be easily identified during
subsequent events.

o Establish one side of the bank as the reference bank so that all distance
measurements will originate from this point. Record the reference bank on the field
form.

5. Divide cross-section into subsections

o Divide the total channel width so that a minimum of 20 increments are identified.
Each incremental subsection should have no more than 5% of the total discharge.

= |f velocities are higher, depths are greater, or there are more channel
irregularities in specific sections, the increments should be closer together.

= |f velocities are lower and depths are shallower, increments can be spaced
farther apart.

6. Collect distance, depth, and velocity measurements for each subsection

0 Ensure no one is standing upstream during measurements, as this will affect flow
readings.

o0 Record distance on measuring tape to nearest 0.01 ft.

0 Record wetted depth to nearest 0.01 ft using wading rod.

Stream Gaging Field Protocol
April 2019
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o0 Adjust sensor on wading rod based on wetted depth. For water depths less than 1.5
ft, adjust sensor to measure velocity at 0.6-depth.2 For water depths greater than 1.5
ft3, velocities should be measured using the two-point method at 0.2-depth and 0.8-
depth at each increment.*

0 Position the tip of the sensor into direction of flow.

= Measure velocity for 40 seconds. Ensure the ADV is level and held
perpendicular to the measuring tape for the duration of the measurement.

0 Review velocity measurements. If any subsections have more than 5% total
discharge, insert additional velocity measurements before completing discharge
profile.®

7. Calculate discharge for the cross-section

0 Once the distance, depth, and velocity measurements have been collected for each
subsection along a cross-section, the ADV will compute the total discharge for the
cross-section using the area-velocity discharge measurement method.®

0 The discharge may also be calculated manually as the product of the velocity
measurement times the channel depth at the vertical times the sum of half the
distances to adjacent verticals. This calculation should be completed in the office
after field measurements are completed.

8. Perform quality assurance/quality control (QA/QC)
0 Collect repeat discharge measurements

= Complete the methods outlined in Steps 6—7 above to collect and record an
additional set of velocity measurements at the established cross-section.

= |f possible, the QA/QC measurement should be performed by different field
personnel from the original measurement. The repeat measurement can be
made concurrently with the original measurement if there are sufficient
personnel and equipment.

2 Fractional and actual measurement depths are shown on the FlowTracker display. Actual measurement depths
reference from the bottom up (e.g., 0.23 feet above the channel bottom). Fractional measurement depths reference
from the surface down (e.g., 0.6-depth from the surface).

3 The two-point method applies to FlowTracker ADV and pygmy meters in depths greater than 1.5 ft; for other meters,
the two-point method applies in depths greater than 2.5 ft.

4 The two-point method averages the velocities measured at 0.2-depth and 0.8-depth.

5> The FlowTracker and FlowTracker2 both compute the percent discharge within each section, such that additional
velocity measurements may be added to maintain less than 5% total discharge within each section.

® This method calculates the discharge in each segment as the product of the segment area and the mean velocity in
that segment; the total discharge in the stream is the summation of the discharge in each segment along a cross-section.

Stream Gaging Field Protocol
April 2019
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o Compare the original and QA/QC measurements

= |f the total discharge between the two measurements differs by more than
10%, collect an additional discharge measurement. The additional discharge
measurement should be made at a different cross-section within the same
gaging reach for comparison.

9. Record gage height and/or depth of water adjacent to upstream monitoring location
at end of discharge measurements

o If gage height differs by more than 0.1 ft between start and end of discharge
measurements, collect an additional discharge measurement.

10. Complete field form
o0 Record the following information on the field form:
= Date and weather conditions (e.g., temperature, precipitation, cloud cover);
= Velocity meter used;
= Measurement start and end times;

= (age height and/or depth of water adjacent to upstream monitoring location
at beginning and end of discharge measurements;

= Description of the cross-section location and characteristics;

= Notes on any observed changes (e.g., high water marks, debris) since last
sampling event that may impact the rating curve or streamflow; and

= Left and Right bank GPS coordinates.

Stream Gaging Field Protocol
April 2019
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Stream Gaging Field Form

Site: [Date:
Personnel:

Weather:
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SonTek/YSI Inc.
9940 Summers Ridge Road, San Diego, CA 92121-3091 USA
Telephone (858) 546-8327 e Fax (858) 546-8150
E-mail: inquiry@sontek.com e Internet: http://www.sontek.com

SonTek’

YSI incorporated

FlowTracker®
Handheld ADV*
Technical Manual
Firmware Version 3.3
Software Version 2.20

featuring

SmartQC’

Copyright 2007 by SonTek/YSI Inc. All rights reserved. This document may not, in whole or in part, be copied, photocopied, reproduced,
translated, or reduced to any electronic medium or Machine-readable form without prior consent in writing from SonTek. Every effort has been
made to ensure the accuracy of this manual. However, SonTek makes no warranties with respect to this documentation and disclaims any implied
warranties of merchantability and fitness for a particular purpose. SonTek shall not be liable for any errors or for incidental or consequential
damages in connection with the furnishing, performance, or use of this manual or the examples herein. The information in this document is
subject to change without notice.

P/N 6054-60050--C



SonTek/YSI

RECORD OF CHANGES

Effective Description

31 AUG 2006 Initial releqse of Technical Manual after splitting old (_)perator’s Mgnual into
new Technical Manual and new Users Manual; CPU firmware version 3.0

15 NOV 2006 | Support for CPU firmware version 3.1 and software version 2.10 added

05 JUL 2007 | Support for CPU firmware version 3.3 and software version 2.20 added

i FlowTracker Technical Manual (July 2007)



SonTek/YSI

Declaration of Conformity

Manufacturer’s Name: SonTek/YSI Inc.
Manufacturer’s Address: 9940 Summers Ridge Road
San Diego, CA 92121 U.S.A.

Sontek/YSI declares that the product(s):

Equipment Type: Water Velocity Measurement Device
Model: ADV Series
Product Name: Standard ADV 10MHz, Triton ADV 10MHz, Arg ADV

10MHz, ADV 6600 10MHz, FlowTracker 10MHz, ADV
Ocean 5MHz, ADV Field 16 MHz.

Conforms to the following European Union Council Directives and Standards as of 7/21/04:

EMC DIRECTIVE 89/336/EEC: -EN 61326 (1997), AL (1998), A2 (2001), Class “A”
-EN 61000-3-2 (2000)
-EN 61000-3-3 (1995)
-1EC 61000-4-2 (1995), Al (1998), A2 (2000)
-1EC 61000-4-3 (2002), Al (2002)
-1EC 61000-4-4 (1995), Al (2000), A2 (2001)
-1EC 61000-4-5 (1995), Al (2001)
-1EC 61000-4-6 (1996), Al (2000)
-1EC 61000-4-11 (2001)

Director of Sales and Marketing,

W

Chris Ward

FlowTracker Technical Manual (July 2007) iii



SonTek/YSI

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
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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.
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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.
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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).
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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.

FlowTracker Technical Manual (July 2007) 17



SonTek/YSI

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).

26 FlowTracker Technical Manual (July 2007)



SonTek/YSI

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).

28 FlowTracker Technical Manual (July 2007)



SonTek/YSI

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
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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
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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
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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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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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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.

Beam Check [C:Work ' Working'\FlowTracker ', International Project'Software Testing'Lee'P1430-InWs il
Fle Edt Mew Beams Playback Options
= Open bReplay 1 Pause | Cloze ® FEecord s Aweraging J ‘
Ping MNoise (counts) Peak Pos (cm) FPeak Lewel (counts) Playhack speed:
30730 Beam1 | 45 | 1254 | 7 -
Pings Averaged Beam2 | a7 [ 12.54 [ 79 : 5 Hz
a0 Beam 3 &0 T
FlowTracker #dum2 - 72712006 10:56:58 AM [(Averaged: 30 pings)
250- —250
200— —200
E y50- 150
E 100- —100
a0—-- 40
1] 1]
| | | | | I | | | |
] =3 10 15 20 25 30 35 40 45
Range (cm)
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.

72 FlowTracker Technical Manual (July 2007)



SonTek/YSI

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.
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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).

76 FlowTracker Technical Manual (July 2007)



SonTek/YSI

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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Release Notice 45-0120 Rev B

This is the February 2016 release of the FlowTracker2 User's Manual. During the
creation of this manual, the following were the latest versions of firmware/software. As
such, if you are using different firmware/software versions, not all aspects of this manual

may apply.

e FlowTracker2 firmware version 1.17
e FlowTracker2 software version 1.1

Trademarks

The terms FlowTracker2 are registered trademarks of Xylem Inc. All rights are reserved.
All other brand names are trademarks of their respective holders.

Warranty, Terms, and Conditions

Thank you for purchasing the FlowTracker2. The instrument was thoroughly tested at the
factory and found to be in excellent working condition. If the shipping crate appears damaged,
or if the system is not operating properly, please contact us immediately.

The system you have purchased is covered under a two 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 technical support to obtain a
Service Request (SR) number. We reserve the right to refuse shipments without SR numbers.
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 guestions, 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 : +1 (858) 546-8327
Fax : +1 (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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FCC INFORMATION

This device complies with part 15 of the FCC Rules. Operation is subject to the following two
conditions: (1) This device may not cause harmful interference, and (2) this device must accept
any interference received, including interference that may cause undesired operation.

The FlowTracker2 FCC license number can be found in two locations: (1) on the shipping box
label and (2) engraved on the back of the FlowTracker2. Examples of the shipping box label
and engraving are shown below.
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Section 1. Quick Overview

1.1. System Components

Layout of FlowTracker2 and all major components are labeled in Figure 1:1.

e Probe — The FlowTracker2 probe (Figure 1:2) contains the acoustic elements to
measure velocity. See Principle of Operations for more information.

e Keypad — The FlowTracker2 keypad is designed for quick and efficient software
operation, configuration and data entry.

e Handheld - The handheld contains the processing electronics, batteries, keypad,
and LCD screen. The handheld is designed to withstand temporary submersion,
but is not intended for underwater operation.

e Battery Compartment — Battery Compartment consist of a water tight battery
cap and an AA battery cartridge for quick access and battery replacement.

e LCD Screen — The LCD screen display the FlowTracker2 handheld software and
real-time graphical display of raw data.

e Probe cable — The probe is factory mounted to a 1500mm (59-in) flexible cable.
The handheld connects to the probe cable with rugged underwater flexible
connector. The standard cable (1500mm) supplied with the FlowTracker2 can be
extended with either an 1500mm (59-in) or 3500mm (137-in) cable extension up
to maximum length of 10m (32.8-ft).

e Communication Connector — A waterproof (IP67) micro USB connector on the
bottom of the handheld connect to external communication cable

Battery Compartment B LCD Screen

Handheld ||

\>|

\ Probe Cable

Keypad

Communication
Connector

Figure 1:1 - FlowTracker2 with 2D
Probe
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Layout of FlowTracker2 Probe and all major components are labeled in Figure 1:2

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
FlowTracker2 uses two or three acoustic receivers for 2D or 3D probes. See
Beam Geometry and 3D Velocity Measurements for details.

e Sampling volume — The sampling volume is the physical location of the water
velocity measurement. See Principle of Operations 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 Hardware
Specification for details on the temperature sensor; see Principle of Operations
for details about the effect of sound speed on velocity data.

Internally Mounted
Temperature Sensor

Acoustic
Transmitter

Acoustic
Receiver

g Acoustic

0 - Receiver

Cylindrical Sampling Volume Fixed Distance to
6 mm Diameter Remote Sampling Volume

9 mm Height 10 cm (nominal)

Figure 1:2 - 2D Side Looking FlowTracker2 Probe and Sampling Volume
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1.2. Definitions and Terminology

This section defines terms commonly used when working with FlowTracker2

Averaging Time — The time (in seconds) in which the FlowTracker2 records data
at each measurement location. This is a user-specified value from 10 to 1000
seconds.

Handheld — The FlowTracker2 is controlled from the keypad on the handheld.
The LCD screen is used to display FlowTracker2 handheld software and real-
time graphical display of raw data.

Measurement Location — At each measurement location, the FlowTracker2
records one-second velocity data for the specified averaging time, location, water
depth parameters and a variety of statistical and quality control data.

Ping Rate — The number of pings per second (Hz). The FlowTracker2 ping rate
is 40 Hz.

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

Quality Control Data — In addition to velocity, the FlowTracker2 records several
guality control 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 details about quality control data, see Quality Control for
details.

Salinity — Water salinity is a user-supplied value that is used for sound speed
calculations. Note: If using the system in salt water, a zinc anode should be
installed on the probe for corrosion protection described in Zinc Anodes for
Corrosion Protection.

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 to noise ratio
data. The FlowTracker2 records one sample per second.

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 material (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 FlowTracker2, see Quality
Control for details.

Sound Speed — Speed of sound in water (in m/s) is used to convert the Doppler
shift to velocity. See Principle of Operations regarding the effect of sound speed
on velocity data.
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e Temperature — Water temperature (in °C) is measured by the internal
temperature sensor. Temperature is used for sound speed calculations.

e UTC - Coordinated Universal Time, abbreviated as UTC, is the primary time
standard by which the world regulates clocks and time

WARNING! The WARNING symbol and notice highlight instructions that must be
A followed to avoid personal injury. Do not proceed until all stated conditions are clearly
understood and met.

damage to the product or other equipment. Do not proceed until all stated

f CAUTION! The CAUTION notice highlights instructions that must be followed to avoid
conditions are met and clearly understood.
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Section 2. System Operation

The System Operation section describes the keypad interface, handheld software
menus and the LCD display.

2.1. On/Off Switch

The On/Off power button for the FlowTracker2 can be accessed on the right side of
the keypad, 3™ row from the top.

a) Start system, hold the power button until the LCD screen turns on.

b) Shutdown system, hold the power button until a message is displayed to shut
down the handheld.

c) Activate sleep mode, press the power button once shutdown.

d) Wakeup system, press any button on keypad.

It's good practice to remove the battery cartridge at the end of each workday for
inspection and or charging \ replacement.

If the system is not used or stored for long periods, remove the batteries to prevent
unnecessary draining and potential battery leakage.

2.2. Keypad

a) Navigation Keys — The handheld has a number of keys
that are assigned to operate handheld software. The
following keys are available for the user to either
navigate or select options in the software,

). Left Soft Key — The text directly above the soft key is
associated with the key operations and allows the
user to perform the following actions,

e return to previous menu,
e select action based on text displayed,
e restart or cancel current operation.

ii). - The text directly above the soft key 4 GHl 5 JKL
is associated with the key operations and allows the
. . Trars 8 TUV
user to perform the following actions,
e start a new measurement, 0ra . 7
e accept data entry or operation,
e access the quality control menu. Layout

ii). Left & Right arrow — The key allows the user to
perform the following actions,

¢ select different options under each parameter in

FlowTracker2 User’'s Manual (February 2016) 20



SonTek — a Xylem brand

configuration,

¢ select station type or velocity method in
measurement,

e select station in data collection.

iv). Top & Bottom arrow — The key allows the user to
perform the following actions,

¢ scroll through the menu options,

¢ select files or templates,

e display graphics during data collection,

e scroll through the measurement, station and
discharge summary reports.

b) Enter Key — The enter key (square) is situated between
the four arrow keys and allow the user to perform the
following actions,

i). Select the menu item in the menus

ii). Activate or deactivate running average during the
beam-check data collection. This information is only
displayed graphically and will not be stored in the
data files.

c) Numbers (0-9) — The keys allows the user to perform
the following actions. Numbers will default to the first
option on the key if only numerical values are required in

the entry field. 2 asc

I). Menu shortcut (number next to text) associated with 4 GHl 5 JKL
each menu item.

ii). Configuration of instrument such, data collection Trars 8 TUV
settings, quality control parameters and discharge —
settings e

iif). Enter measurement data such, station location, depth
and other information. Figure 2:2 - Keypad

d) Letters (A-Z) — The keys allows the user to perform the Layout

following actions. Letters will default to the first option on
the key if letters are required in the entry field.

). Create file and template names,
ii). Enter comments at a station, supplement data or
overall measurement.

e) Backspace — The key allows the user to perform the
following delete actions,

). Text or values in user entry fields,
ii). Data file folder with all content or individual data files,
iii). Selected station in Discharge and General mode.
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Text entry is done in the same manner as for mobile devices.

e numerical fields, the text entry assumes numbers first (i.e. for “2” press 2 key one
time,2—-A —-B - C);
e text fields, it assumes letters first (i.e. for “B” press 2 key two times, A — B — C)

2.3. Screen Layout

The Screen Layout of the FlowTracker2 consists of the following main features. The
options or information displayed may vary from one screen to the next based on the
software features that are used.

Instrument Time » _ FlowTracker2 Label
Top banner ——— Stk FlowTracker2 S F < Battery Level

1 %¢ Device Configuration

Selection (yellow)

A, Utilities

Software window
of operation " Communication

System Information Right Soft Key

Left Soft Key M Data Files K Measurement

Figure 2:3 - Screen Layout
2.4. Main Menu

When the FlowTracker2 handheld is switched on the FlowTracker2 image is displayed
during the startup process. Flow diagram of the handheld software is supplied in
Software Flow Diagram for both the Discharge and General modes.

FlowTracker2 software layout of the handheld is similar to the “Original FlowTracker”
consisting of the same three main groups, although the wording has changed.

The Main Menu of the handheld software is displayed after the startup process of the
FlowTracker2 is completed.

Main menu consists of four menu options, 18:02 HlowTracker? 87% i
) it oo
s 1 %+ Device Configuration
b) Utilities,

c¢) Communication, X utilities
d) System Information

< Communication

e) To select a menu option,
1). Use up or down scroll arrows keys to select
menu option, & Data Files K Measurement

ii). The menu option selected will be highlighted in Figure 2:4 - Main Menu

i System Information
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yellow,
iii). Press the enter key to access the menu option.

There are also two additional menu options “Data Files” and “Measurement” available to
the user that is situated in the bottom banner of the screen.

f) To select Data Files or Measurement functions,
i). Data Files — Press the Left Soft Key,
il). Measurement — Press the Right Soft Key.

.~ The number opposite each menu option is a shortcut key (i.e. pressing “2” key will
“  access the Utilities menu).

2.4.1 Device Configuration Menu (Main Menu)

The Device Configuration Menu configures how the FlowTracker2 collects data,
performs internal discharge calculations, evaluate data against data quality parameters
and finally determine uncertainty of the measurements based on the method selected.

Device Configuration menu consists of four menu 20:40 Denics? Gonbigueation 27% i
options,

a) User Interface,

b) Application Settings, ® application Settings

c) Discharge Templates,

& Discharge Templates
d) General Templates.

& General Templates

e) To select a menu option,

1). Use up or down scroll arrows keys to select Home
menu option, Figure 2:5 - Device
ii). The menu option selected will be highlighted in Configuration Menu
yellow,

iii).Press the enter key to access the menu option.

f) To navigate to Main Menu,
i). Press the Left Soft Key.

2.4.2 Utilities (Main Menu)

The Utilities Menu accesses internal system functions of the FlowTracker2. The
available functions assists with setting the internal clock and power source, management
of recorder, displaying raw velocity and GPS data and performing tests on measurement
and boundary conditions.
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Utilities menu consists of the following menu options, BFEEs Utilities s7% il
ey
b) Recorder,
c) Battery Data, == Recorder
d) Raw Data, f Battery Data
e) Automated Beam Check,
f) Beam Check, elboeries
g) GPS Data.

Figure 2:6 - Utilities Menu

h) To select a menu option,
i). Use up or down scroll arrows keys to select
menu option,
ii). The menu option selected will be highlighted in
yellow,
iii). Press the enter key to access the menu option.
1) To navigate to Main Menu,
1). Pressthe Left Soft Key.

The Utilities Menu provides access to functions that should be checked periodically, but
do not directly affect how data is collected.

2.4.3 Communication (Main Menu)

The Communication function permits communication between an external device
equipped with the FlowTracker2 Desktop Software and the handheld. Communication
between the desktop software and handheld can be established by using either a Micro
USB cable or Bluetooth. See Connecting to the FlowTracker2 Handheld ADV for details
of hardware and configuration requirements to enable communication.

The Communication function on the handheld software must be activated first before
the connection feature is selected on the FlowTracker2 desktop software.
2.4.4 System Information (Main Menu)

The System Information screen displays the system information of the FlowTracker2
for both the Handheld and Probe, with the serial number and firmware versions as the
key data sets.
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Handheld System Information of the FlowTracker2 System Information

includes the following system information,
FlowTracker2 Handheld

a) Device (FlowTracker2 Handheld), Serial Number 123456

100% il

Upgraded Firmware v0.14.7 (2015-10-06)

b) Serial Number (123456),
c) Upgraded Firmware (V0.14.7).

d) To navigate to Main Menu or Probe Information,
1). Main Menu — Press the Left Soft Key,

ii). Probe Information — Press the Right Soft Key. Probe lnfo =k
Figure 2:7 - Handheld System
Information
Probe System Information of the FlowTracker2 ; ot
includes the following system information,
a) Device (FlowTracker2 Probe), FlowTracker2 Probe
b) Serial Number (123456), Serial Number 1111
c) Probe Firmware (V0.14.7), Probe Firmware v0.19
d) Number of Beams (2 or 3). Number of Beams: 3

e) To navigate to Main Menu,
i). Press the Left Soft Key two times.

Figure 2:8 - Probe System
Information

2.45 Measurement (Main Menu)

The Measurement function is the main component of the FlowTracker2 handheld

software and includes two measurement modes. The 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 throughout the cross

section. These measurements are combined with location and water depth information to

compute the total discharge. The General mode is designed to perform a series of
velocity measurements at different locations, but does not provide discharge as an
output.

The methods and techniques implemented for determining the mean station velocity,
calculation of discharge and uncertainty analysis of a measurement are based on the

following literature,

e |SO 748 — 2007, Hydrometry - Measurement of liquid flow in open channels using

current meters or floats,
¢ WMO-No. 1044, Volume | — Fieldwork, 2010.

¢ |VE, Quantifying Uncertainty in Discharge Measurements: A New Approach
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Measurement function consists of two measurement JEEes New File Type 100% i
modes in the menu,

. & Disch
) Discharge,

b) General. © General

c) To select a menu option,
i). Use up or down scroll arrows keys to select

menu option,
ii). The menu option selected will be highlighted in
yellow, :
iii). Press the enter key to access the menu option. Figure 2:9 - Measurement

d) To navigate to Main Menu,
1). Press the Left Soft Key.

2.4.6 Data Files (Main Menu)

The Data Files function displays the recorder contents and gives the user access to
FlowTracker2 measurements files.

The FlowTracker2 measurement files can be organized in the recorder based on the
following user defined folder naming conventions,

e Site Name,

e Site Number,

e Month.
Data Files screen displays a list of folders based on [FEEs Data Files - Select Folder  100% il
the naming convention. Each folder can consist of
either a single or multiple measurement files.

a) To select a measurement folder,
1). Use up or down scroll arrows keys to select
folder,
i1). The folder will be highlighted in yellow,
ii). Press the enter key to access the folder content,
iv). Selecting a measurement file in the folder,
follow steps i to iii.

b) To DELETE a measurement file or folder
1). Use up or down scroll arrows keys to select
folder or file,
if). The folder or file will be highlighted in yellow,
iii).Press backspace to delete the folder or file.
iv). The operator will be requested to confirm
deletion of the files or folders.

Figure 2:10 - Data Files

c) To navigate to Main Menu,
i). Press the Left Soft Key.
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Before any measurement files and or folders are deleted please ensure that the
following steps are performed,

¢ Download all measurement files using the FlowTracker2 desktop software,

e Ensure that measurement files are stored in a secure location on PC or Tablet,

e Create a secondary backup of the measurement files by copying to external USB
or network drive.

The delete process is irreversible and the user will not able to retrieve the measurement
files once this action is performed.
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Section 3. Device Configuration

3.1. User Interface
User Interface defines the settings related to interaction (view and audio) between the
operator and the device.

User Interface screen includes the following I 87% i
parameters,

Language |< <default> b|

a) Language,
b) Use Beeper, Use Beeper « No N
C) Color S_Cheme’ Color Scheme 4 Old Dark >
d) Font Size,
e) Font Smoothing_ Font Size 4 Normal »

f) To select a parameter, ¢ Configuration
i). Use up or down scroll arrows keys to select a Figure 3:1 - User Interface
parameter,
i1). The parameter selected will be highlighted in
yellow.

g) To navigate to Configuration Menu,
i). Press the Left Soft Key.

3.1.1 Language

The list of Predefined Languages supported in FlowTracker2 handheld software is
grouped under the following.

a) Default language — English (US),

b) Other — Chinese-Simplified, Chinese Traditional, French, German, Italian,
Japanese, Korean, Portuguese, Russian, Spanish and Catalan.

c) More languages will be added to FlowTracker2 in subsequent revisions as
SonTek receives translation files. Please contact SonTek if you use the
FlowTracker2 desktop software translator tool to create translation files you wish
to share.

d) To change the Language,

1). Use the left or right arrow key to scroll through the list of available languages.
ii). Press the Left Soft Key to return to Configuration for the software to accept the
change.
Additional languages can be uploaded on the FlowTracker2 handheld using the
FlowTracker2 Translator function available in the FlowTracker2 desktop software.

The process involved in creating translation files and uploading to the handheld is
described in FlowTracker2 Desktop Software.
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If you selected a wrong language the menu functions can be a bit hazy! The following

steps will get you out of the gate.

i) the main menu must be displayed, ii) top menu option must be highlighted, iii) press the enter key two
times, iv) use left or right arrow key to select different language, v) press left soft key two times, vi)
handheld software will restart with new selected language.

3.1.2 Use Beeper

An internal speaker is available in the handheld for creating a “Beep” after major
functions is completed in the handheld software.

a) Functions that will create a beep sound are the following,

i). Setting the LCD brightness will result in a beep when the maximum level is
reached,

il). Sampling completed during point velocity measurement,

iii). Sampling completed during Automated Beam Check.

b) To change the Beeper option,
i). Use the left or right arrow key to select either Yes or No,
ii). Press the Left Soft Key to return to Configuration for the software to accept the
change.

3.1.3 Color Scheme

Color Schemes give the operator the ability to improve visibility of the LCD display
under different light conditions that may be experienced during field work.

a) Color schemes implemented in FlowTracker2 are categorized under the following
schemes,

i). Light,
i). Medium,
ii). Dark.
b) To change the Color Scheme option,
1). Use the left or right arrow key to scroll through the list of available color schemes,

il). Press the Left Soft Key to return to Configuration for the software to accept the
change.

3.1.4 Font Size

Font Sizes give the operator the ability to improve visibility of text on the LCD display
under different light conditions that may be experienced during field work.

a) Font sizes implemented in FlowTracker2 are categorized under the following
schemes,

i). Normal,
i). Large,
iii). Extra Large.
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b) To change the Font Size,
i). Use the left or right arrow key to scroll through the list of available font sizes,
ii). Press the Left Soft Key to return to Configuration for the software to accept the
change.

3.1.5 Font Smoothing

The option for Font Smoothing was implemented to improve the overall font
appearance that is affected by low resolution normally associated with small LCD
displays.
a) Font smoothing options that were implemented are categorized under the
following options,
i). Enabled,
i). Disabled.

b) To change the font Smoothing Option,
i). Use the left or right arrow key to scroll through the list of options,
ii). Press the Left Soft Key to return to Configuration for the software to accept the
change.

3.2. Application Settings

Application Settings define the operator requirements with respect to the units system
used, management of measurement files and overall GPS operation during data
collection.

Application Settings screen includes following Application Settings 87% i
parameters,
a) Units Units 4 Metric Y
b) Wadlng ROd, Wading Red 4 Top Setting
C) File Naming, File Naming e—
d) Folder Naming (O=date, T=time) : —
. ' . Folder Naming — -
e) GPS Station Tagglng. (for new files Etn!y] 4__Site Number |
f) To select a parameter, « Configuration
i). Use up or down scroll arrows keys to select a Figure 3:2 - Application Settings
parameter,
ii). The parameter selected will be highlighted in
yellow.

g) To navigate to Configuration Menu,
1). Press the Left Soft Key.
3.2.1 Units

The Units function defines the Units System used for displaying and outputting
measurement data.
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a) The Units Systems supported in FlowTracker2 is grouped under the following,
i). Metric,
i). English,

b) The internal unit system used is Metric and this does not affect internal
calculations or data storage,

c) Table 3:1 list the units that are used for display.

Table 3:1 — FlowTracker2 Display Units

Parameter English Units Metric Units
Location feet meters
Depth feet meters
Pressure dbar dbar
Velocity ft/s m/s
Standard error of velocity ft/s m/s
Staff / Gauge height feet meters
Discharge ft/s m°/s
SNR dB dB

d) To change the Unit option,
1). Use the left or right arrow key to scroll through the list of options,
il). Press the Left Soft Key to return to Configuration for the software to accept the
change.

3.2.2 Wading Rod

Wading Rod function gives the operator the choice of BEEE 0.2 (0.855 m total depth) 83% i
what type of wading rod is used during the
measurement. The selection of the type of wading '
rod will impact what graphics are displayed during the 0
data collection process and what reference (water
surface or bottom) is used in determining instrument
depth.

764

i L:.H.-'-rr-w.~‘ i

Cancel »  Start

Figure 3:3 - Top Setting Wading
Rod Graphic

a) The Wading Rods supported in FlowTracker2 are grouped under the following,

i). Top-Setting (Instrument referenced to water surface)
i). Universal (Instrument referenced to bottom)

ii). Ice (Instrument referenced to water surface)

iv). Unknown
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b) The graphic representation of the Wading Rods supported and the fractional
depth indicators are defined in Table 3:2,

Table 3.2 - Wading Rod Graphics

Wading Rod Graphic
TOp Setti ng 1232 0.8 (0.783 m total depth)
Universal 1231
b et Al
Cancel
ICe 0.47 m from top (0.6)

W AR My

Cancel

Wading Rod Setting Example Reference
_ (1- fdepth) X Waepen| | Waepth = 0.783m Water
= 0.4 fdepth =0.8 Surface
faepth — Fractional Depth Rod = 0.391
Waepth — Water Depth
= Wdepth — (fdepth X Wdepth) Wodepth = 0.783m Channel
fdepth =0.6 Bed
faepth — Fractional Depth
Waepth — Water Depth Rod = 0.313
= (f depth % Wdepth) Waeptn = 0.783m | Water
foepth = 0.6 Surface
faepth — Fractional Depth
Waepth — Water Depth Rod = 0.469

c) To change the Wading Rod type,
i). Use the left or right arrow key to scroll through the list of options,
ii). Press the Left Soft Key to return to Configuration for the software to accept the

change.

3.2.3 File Naming

The File Naming function enables the operator to assign a unique name for each
measurement file. The file naming process in FlowTracker2 ensures that existing

measurement files are not overwritten.

a) The file naming conventions that are supported in FlowTracker2 software are

listed in Table 3:3,

Table 3:3 - File Naming Conventions

Naming Convention

Description

Example

Number

Site Number

09429500

Number_Date

Site Number_yyyymmdd

09429500_20151013

Number DT Site Number_yyyymmdd-hhmmss

09429500_20151013-170220

Date_Number

yyyymmdd_Site Number

20151013_09429500

DT_Number yyyymmdd-hhmmss_Site Number

20151013-170220_09429500
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Naming Convention Description Example
Name Site Name Colorado
Name_Date Site Name_yyyymmdd Colorado_20151013
Name DT Site Name_yyyymmdd-hhmmss Colorado_20151013-170220
Date_Name yyyymmdd_Site Name 20151013 _Colorado
DT_Name yyyymmdd-hhmmss_Site Name 20151013-170220_Colorado

b) A Follow Number is incorporated at the end of the new file name, if there are files
in the recorder with the same file name. The will increase
incrementally for every new file created with the same file name (e.g.

09429500 20151013 *)
d) To change the File Naming convention,
i). Use the left or right arrow key to scroll through the list of options,
if). Press the Left Soft Key to return to Configuration for the software to accept the
change.

It's recommended that file the naming convention used contains both the date and time.
This will ensure that an unique file name is created for each measurement and can
easily be sorted in Windows explorer when downloaded from FlowTracker2 handheld,

o yyyymmdd-hhmmss_Site Number,
o yyyymmdd-hhmmss_Site Name.

3.2.4 Folder Naming

The Folder Naming function enables the operator to organize measurement files in the
recorder by grouping by site or month.

a) The folder naming conventions that are supported in FlowTracker2 software are
grouped under the following,
i). Site Number,
ii). Site Name,
i), yyyy-mm.
b) A folder is created automatically in the recorder when a measurement file is

created based on the folder naming convention. If all the measurement files are
deleted, the folder will be removed from the recorder.

c) To change the Folder Naming convention,
i). Use the left or right arrow key to scroll through the list of options,
ii). Press the Left Soft Key to return to Configuration for the software to accept the
change.

3.2.5 GPS Station Tagging

The GPS Station Tagging function allows the operator control over the GPS operation
during measurements.
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a) The GPS options that are supported in FlowTracker2 software are grouped under
the following,

i). Automatic. The automatic option for the GPS allows the FlowTracker2 to
perform GPS measurements at each station without any additional interaction
with the software.

e The GPS receiver is Continuously Operating and receiving data from

satellites when the FlowTracker2 handheld is activated.

If a GPS lock is not obtained before the station measurement is completed,
the software will not record positional information for the station. The GPS
status Icons are listed in Table 3:4.

The positional information is averaged over the time a station is created to
improve the overall measurement accuracy. The software starts averaging
the positional information when the Add Station function is selected and
stops when the station is completed, from where the averaged position is
recorded against the station. The averaging process is performed for both
Discharge and General modes.

When editing an existing station and Automatic GPS mode is selected, the
logic reverts to “Manual GPS” mode to ensure that a position is not
assigned while editing away from the actual station location.

The operator needs to ensure that the wading rod is placed in the correct position and
| vertical before the “Add Station” function is selected. This will improve the overall
accuracy of the GPS measurement.

i). Manual. The manual option provides the operator control over GPS
measurements and requires the operator to select “Record GPS Location”
function before velocity measurements are made at a station for both
Discharge and General modes.

The GPS receiver is on Cold Start and is NOT receiving data from satellites.

The manual GPS measurement option forms part of the “Add Station”
configuration screen and is located at the bottom of the screen. The
“Record GPS Location” function can be accessed by using the Bottom
Arrow.

If a GPS lock is not obtained before the station measurement is completed,
the software will not record positional information for the station. The GPS
status Icons are listed in Table 3:4.

The positional information is averaged when the “Record GPS Location”
function is selected. The period of averaging the positional information is
dependent on the user and a counter will display the number of
measurements averaged.

The “Record GPS location” at the bottom of the configuration screen will
state “Record GPS location” if no location is assigned yet and “Update GPS
location” if a location is already assigned.
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iii). Disabled. The GPS is disabled and the operator will not be able to perform
any GPS measurements.

b) The status of GPS lock is indicated by GPS icon displayed on the left corner of
the top banner of the LCD screen. The icon’s describing the GPS status in the
handheld is defined in Table 3:4,

Table 3:4 - GPS Status Icons

Icon Description Conditions
Attempting to acquire satellite GPS has not acquired any satellite
signal. signal or GPS lock and is unable to

determine positional information
Acquiring satellite signal in GPS is acquiring additional satellite
progress. signals, low quality positional

information available, number of
satellites < 4 and or HDOP > 2.5.
Satellite signal acquired from GPS lock is obtained, high quality
available satellites. positional information available.

c) The averaging of positional information from the internal GPS is based on the
following criteria,
i). Averaging is limited to 1000 records. If more than 1000 records are reported —
the oldest records are dropped.

i). Averaging is performed only when 5 or more records are recorded, otherwise
the record with the lowest HDOP/max satellites is used.

iii). If 10 or more “high quality records” are recorded — only high quality records are
used for the averaging. Otherwise both high/low quality records are used for
the averaging.

d) To change the GPS station tagging option,
i). Use the left or right arrow key to scroll through the list of options,
il). Press the Left Soft Key to return to Configuration for the software to accept the
change.

3.3. Configuration Templates

3.3.1 Template Options

The Templates implemented in FlowTracker2 consists of the following template options.
The templates consist of number of configuration parameters required for performing
measurements in either Discharge or General mode under the Measurement function.

e Discharge Template
e General Template
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Templates are similar to configuration files where the operator defines the configuration
of the instrument, based on,

e site detalls,

e data collection requirements

e quality control parameters,

e measurement methods (only for discharge mode).

The operator has the ability to create a unique configuration template for a single
monitoring site, region or organization.

It's recommended that a unique template is created for each monitoring site. The
advantage of this is twofold, operator does not have to enter in the site number and
name for every measurement, and ensure that site number and name is consistent.

3.3.2 Managing Templates
3.3.2.1 Accessing Templates

Templates are stored separately from the measurement files on the internal memory of
the FlowTracker2 handheld and are managed from the Discharge or General Template
functions under the Device Configuration Menu. The following process describes how to
create, remove or select an existing template.

Templates for Discharge and General Modes can be Bk Confemabon 57% i
accessed from the Device Configuration menu,

User Interface

a) To select a Template type,

i). Use up or down scroll arrows keys to select the ® Application Settings
template, ,
ii). The template option selected will be highlighted
n yeIIOW’ @ General Templates
iii).Press the enter key to access the template
operating screen. Home
b) To navigate to Main Menu, Figure 3:4 - Device
i). Press the Left Soft Key. Configuration Menu
Template Operating Screen will list all available 19:51 Discharge Templates 87% i

templates on the handheld or if there are no

t lat ilabl indicate “C tlv th Currently there are no user templates defined
emplates availa e_’ Inaicate urrently there are no - please use the ‘New Template' button to
user templates defined — please use the ‘New create the first template
Template’ button to create the first template”.

a) To create a new Template,
i). Press the Right Soft Key,
i1). The software will redirect to “New Template”
screen. 4 Configuration New Template

b) To navigate to Configuration Menu, Figure 3.5 - 'I'Semplate Operating
). Press the Left Soft Key. creen
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3.3.2.2 New Template

New Template screen displays two parameters that New Template 87% [
need to be completed to create a new template,

Template Name | |

a) Template Name is user defined. The template g
name can be up to 50 characters long. e Terplate (defaul

(copy settings from)
b) Base Template defines the default
configuration used for new template. The user
has the option to select the default SonTek
configuration or from existing user
configurations.

Figure 3:6 - New Template
c) To accept new Template,

1). Press the Right Soft Key,

ii). The software will return to template screen.
d) To CANCEL new Template,

1). Press the Left Soft Key.

3.3.2.3 Selecting Template

Selecting Template is performed from the template Discharge Templates 87% il
main screen.
a) To select a Template, -
i). Use up or down scroll arrows keys to select the Rat
template,
ii). The template name selected will be highlighted i
in yellow,
iii).Press the enter key to access the template
screen. « Configuration New Template
b) To navigate to Configuration or New Template, Figure 3:7 - Selecting Template

i). Configuration - Press the Left Soft Key
i1). New Template - Press the Right Soft Key

3.4. Template Functions

The Template functions for Discharge and General Modes contain all the configuration
parameters required for performing velocity measurements, discharge calculation and
uncertainty analysis. The functions defined under each template contain site
information, data collection criteria, quality control parameters and measurement
methods (only for discharge mode).
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Template menu consists of the following menu
options,

o Proper
a) File Properties,
b) Data Collection Settings, Data Collection Settings
c) Quality Control Settings,
d) Discharge Settings (only for discharge mode),
e) Displayed Velocity Methods (only for discharge

i Quality Control Settings

& Discharge Settings

-

mode). 4«  Templates = Menu

f) To select a menu option, Figure 3:8 - Template Menu
i). Use up or down scroll arrows keys to select
menu option,
ii). The menu option selected will be highlighted in
yellow,
iii). Press the enter key to access the menu option.

g) To navigate to Template Screen,
i). Press the Left Soft Key.

h) To Rename or DELETE a Template in Menu,
1). Press the Right Soft Key.
i1). To select menu option, use up or down scroll
arrows keys,
iii). The menu option selected will be highlighted in

yellow,
iv). Press the enter key to access the menu option.

3.4.1 File Properties

The File Properties function contains site information applicable to the measurement
site and operator details. The file properties ensure that the required Metadata are
associated with both measurement site and data collected.

File Properties screen includes the following File Properties
parameters,

site Number [ |

a) Site Number,
b) Site Name, Site Name
c) Operator.

Operator
d) To select a parameter,
i). Use up or down scroll arrows keys to select a
parameter,
il). The parameter selected will be highlighted in
yellow.

e) To enter text,

i). Use the backspace key to clear current entry,
i1). Enter numerical or alphabetical characters using

Figure 3:9 - File Properties
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the keypad.

f) To navigate to Template Menu,
1). Press the Left Soft Key.

Properties associated with the parameters in file properties are defined in Table 3:5,

Table 3:5 - File Properties - Properties

Parameter Description Field Size Default Required
Site Number | Enter unique site number (e.g. 50 Number No
Hydrometric Station Number) keypad
Site Name Enter unique site name (e.g. 50 Alphabet No
Hydrometric Station Name) keypad
Operator Operator name can be entered in this 50 Alphabet No
field (e.g. Bees Blaas) keypad

3.4.2 Data Collection Settings

The Data Collection Settings function contains parameters required for sound speed
calculation and averaging time of velocity measurements,

Data Collection Settings screen includes the
following parameters,

a) Averaging Time,
b) Sa“n'ty, Salinity (pss)
c) Temperature,

Temperature (°C) [ Measured
d) Sound Speed,
e) Mounting Correction. Sound Spaad (nVS)
f) To select a parameter, ‘ Hat
1). Use up or down scroll arrows keys to select a Figure 3:10 - Data Collection
parameter, Settings
il). The parameter selected will be highlighted in
yellow.

g) To navigate to Template Menu,
i). Press the Left Soft Key.

Properties associated with the parameters in data collection settings are defined in
Table 3:6,

Table 3:6 - Data Collection Settings - Properties

Parameter Min Max Default Units Required
Averaging Time 10 1000 40 seconds Yes
Salinity 0 42 0 PSU Yes
Temperature -5 50 Internal Measured °C or °F Yes
Sound Speed 1400 1580 | Internal Calculated | m/s or ft/s Yes
Mounting Correction -5 5 0 % Yes
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3.4.2.1 Averaging Time

The Averaging Time parameter specifies the time duration (in seconds) of data
collection during each point velocity measurement.

a) Averaging time is specified in 1-second intervals from 10 to 1000 seconds.
b) The default Averaging Time applied in FlowTracker2 is 40s.

¢) To change the Averaging Time,
i). Use the backspace key to clear current entry,
ii). Type in the new value using the keypad.

The averaging time required for single point velocity measurement is usually from 40 to
60 seconds. This however is site dependent and longer averaging times are required
when measuring in turbulent flow conditions.

3.4.2.2 Salinity

The Salinity parameter specifies the salinity value in Practical Salinity Scale
(dimensionless) used to compute sound speed.

a) Salinity is specified in Practical Salinity Scale (PSS-78). Fresh water has a
salinity of 0; seawater salinity generally ranges from 31 to 39 (PSS). The PSS-78
range is 2 to 42 for a temperature range of -2°C to +35°C and hydrostatic
pressure 0 — 10000dBar.

b) The default Salinity applied in FlowTracker2 is 0 (PSS).

Where a measurement location exceeds the PSS-78 range, Salinity cannot be used for
calculation of Sound Speed. Sound Velocimeters must be used to measure the actual
sound speed of the water directly at the measurement location.

c) As arule of thumb, a 12 (PSS) error in the value of salinity will result in a 1% error
in sound speed, which results in a 2% error in velocity data.

d) Salinity should be specified or determined
using a CTD instrument as accurately as
possible for each measurement location. The
CastAway-CTD is a lightweight, easy to use
instrument designed for quick and accurate
conductivity, temperature, and depth profiles.
Starting with a unique six-electrode
conductivity cell and fast response thermistor
the CastAway makes use of modern
technology to provide state of the art CTD
measurements.

Figure 3:11 - CastAway - CTD

e) Sound speed is used in Doppler velocity calculations. See the Principle of
Operations for details about the effect of sound speed on velocity data.

f) To change the Salinity,
i). Use the backspace key to clear current entry,
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ii). Type in the new value using the keypad.

3.4.2.3 Temperature

The Temperature parameter specifies the temperature value used to compute sound
speed.

a) The temperature value used to compute sound speed is based on internal
temperature sensor by default. The temperature field will be populated with the
value “Measured” to indicate it is based on internal temperature sensor.

b) Water temperature measured by external devices can be entered in the
temperature field. The temperature value from the external sensor will then be
used for sound speed calculations.

The temperature field cannot be used to store reference temperature readings as this
will be used in the sound speed calculations. It is recommended that reference
temperature readings be documented in the comments fields.

c) Sound speed is used in Doppler velocity calculations. See the Principle of
Operations for details about the effect of sound speed on velocity data.

d) Enter external temperature reading,
i). If the default value “Measured” is displayed, start typing using keypad, otherwise,
ii). Use the backspace key to clear current entry,
iii). Type in the new value using the keypad.

3.4.2.4 Sound Speed

The Sound Speed parameter specifies the sound speed value used in Doppler velocity
calculations.

a) The sound speed value used in Doppler velocity calculations is based on internal
calculations by default. The sound speed field will be populated with the value
“Calculated” to indicate it is based internal calculations.

b) Sound Speed measured by external devices can be entered in the sound speed
field. The sound speed value from the external sensor will then be used in
Doppler velocity calculations.

Where a measurement location exceeds the PSS-78 range, Salinity cannot be used for
calculation of Sound Speed. Sound Velocimeters must be used to measure the actual
sound speed of the water directly at the measurement location.

The sound speed field cannot be used to store reference sound speed readings as this
will be used in the Doppler velocity calculations. It is recommended that reference
sound speed readings be documented in the comments fields.

c) Sound speed is used in Doppler velocity calculations. See Principle of Operations
for details about the effect of sound speed on velocity data.

d) Enter external Sound Speed reading,
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i). If the default value “Calculated” is displayed, start typing using keypad, otherwise,

il). Use the backspace key to clear current entry,
iii). Type in the new value using the keypad.

3.4.2.5 Mounting Correction

The Mounting Correction parameter specifies how to account for the device used to
hold the FlowTracker2 in the water. The type of mount may have a small impact on
velocity measurements.

a) The mounting correction allows the FlowTracker2 to account for the effect of flow

b)
c)

d)

3.4.3

disturbances caused by the mount.

The default mounting correction applied in FlowTracker2 is 0%.

The application of a mounting correction to account for the effects of flow
disturbance on velocity measurements was researched by several independent
agencies. At present, no consensus has been reached between different
agencies in the requirement of the mounting correction. See Mounting Correction
for details about the effect of flow disturbance on velocity measurements.

To change the Mounting Correction,
i). Use the backspace key to clear current entry,
ii). Type in the new value using the keypad.

Quality Control Settings

The Quality Control Settings function contains parameters required for the Quality
Control process.

Quality Control Settings screen includes the
following parameters,

a)
b)

c)
d)
e)

f)

9)

SNR Threshold,

Std Error Threshold,

Spike Threshold,

Velocity Angle for Warning,
Tilt Angle Warning.

To select a parameter,

1). Use up or down scroll arrows keys to select a
parameter,

i1). The parameter selected will be highlighted in
yellow.

To navigate to Template Menu,
i). Press the Left Soft Key.

87% i

SNR Threshold (dB) [ 10 |

0.01

Spike Threshold (36) 10

20

Quality Control Settings

Std Error Threshold (m/s)

Veloaty Angle for Warning

(deq)

—

4

Figure 3:12 - Quality Control
Settings

Properties associated with the parameters in quality control settings are defined in
Table 3:7,

Table 3:7 - Quality Control Settings - Properties
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Parameter Min Max Default Units Required
SNR Threshold 0 50 10 dB Yes
Std Error Threshold 0.001 0.25 0.01 m/s or ft/s Yes
Spike Threshold 0.01 50 10 % Yes
Velocity Angle for Warning 0.1 90 20 degrees Yes
Tilt Angle Warning 0.1 5 5 degrees Yes

3.4.3.1 SNR Threshold

The SNR Threshold parameter is a minimum threshold placed on the SNR variable
during real-time data collection.

a) SNR is primarily a function of the amount of particulate matter in the water. For
good conditions, SNR should be at least 10 dB.

b) The system can operate effectively with SNR as low as 2-3 dB, although the noise
in individual velocity measurements will increase.

c) The default SNR Threshold applied in FlowTracker2 is 10dB.

d) To change the SNR Threshold,
i). Use the backspace key to clear current entry,
ii). Type in the new value using the keypad.

e) To DISABLE the SNR Threshold,
i). Use the backspace key to clear current entry until “Disabled” is displayed.

3.4.3.2 Std Error Threshold

The Standard Error Threshold parameter is a maximum threshold placed on the
Standard Error of velocity measurements.

a) Standard error of velocity (oV) is a direct measure of the accuracy of the mean
velocity data.
b) The default Standard Error Threshold applied in FlowTracker2 is 0.01m/s.

c) To change the Standard Error Threshold,
i). Use the backspace key to clear current entry,
il). Type in the new value using the keypad.

d) To DISABLE the Standard Error Threshold,
1). Use the backspace key to clear current entry until “Disabled” is displayed.

3.4.3.3 Spike Threshold

The Spike Threshold parameter is the maximum threshold placed on the percentage of
spikes within a measurement.

a) 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.

b) The default Spike Threshold applied in FlowTracker2 is 10%.
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d)

To change the Spikes Threshold,
i). Use the backspace key to clear current entry,
il). Type in the new value using the keypad.

To DISABLE the Spikes Threshold,
1). Use the backspace key to clear current entry until “Disabled” is displayed.

3.4.3.4 Velocity Angle for Warning

The Velocity Angle for Warning parameter is the maximum threshold placed on the
velocity angle towards the probe.

a)

b)
c)

d)

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

The default Velocity Angle for Warning applied in FlowTracker2 is 20 degrees.
To change the Velocity Angle for Warning,

1). Use the backspace key to clear current entry,
ii). Type in the new value using the keypad.

To DISABLE the Velocity Angle for Warning,
i). Use the backspace key to clear current entry until “Disabled” is displayed.

3.4.3.5 Tilt Angle Warning

The Tilt Angle Warning parameter is the maximum threshold placed on the tilt angle of
the wading rod.

a)

b)
c)

d)

3.4.4

An angle of 0° means the wading rod is vertical (as desired for an ideal mounting
position).

The default Tilt Angle Warning applied in FlowTracker2 is 5 degrees.

To change the Tilt Angle Warning,

i). Use the backspace key to clear current entry,
ii). Type in the new value using the keypad.

To DISABLE the Tilt Angle Warning,
1). Use the backspace key to clear current entry until “Disabled” is displayed.

Discharge Settings

The Discharge Settings function contains parameters required for discharge
calculations, discharge uncertainty analysis and quality control process.

Discharge settings function is only applicable to the Discharge Mode. The General
Mode does not contain any discharge calculation or uncertainty analysis.

FlowTracker2 User’'s Manual (February 2016) 44



SonTek — a Xylem brand

Discharge Settings screen includes the following
parameters,

a)
b)
c)
d)
e)
f)
9)
h)

Discharge Equation,

Discharge Uncertainty,

Discharge Reference,

Max Station Q for Warning,

Max Depth Change for Warning,
Max Spacing Change for Warning.
0.6 Method Depth

To select a parameter,

i). Use up or down scroll arrows keys to select a
parameter,

i1). The parameter selected will be highlighted in
yellow.

To navigate to Template Menu,
1). Pressthe Left Soft Key.

87% [

[« Meansection |

Discharge Settings

Discharge Equation

Discharge Uncertainty 4 z »

Discharge Reference « »

Max Station Q for Warning -
(%6) 10

-

4

Figure 3:13 - Discharge Settings

Properties associated with the parameters in discharge settings are defined in Table

3:8,
Table 3:8 - Discharge Settings - Properties
Parameter Min Max Default Units Required
Max Station Q for Warning 0.01 100 10 % Yes
Max Depth Change for Warning 0.01 200 50 % Yes
Max Spacing Change for Warning 0.01 200 100 % Yes
0.6 Method Depth 0 100 0.5 m or ft Yes

3.4.4.1 Discharge Equation

The Discharge Equation parameter allows the user to specify what type of discharge
calculation method must be applied in the discharge calculation process.

a) The discharge equation calculation methods supported in FlowTracker2 software
is grouped under the following,

i). Mid-Section Method,
if). Mean-Section Method,
iif). Japanese Method.

b) The default Discharge Equation applied in FlowTracker2 is Mid-Section.

The Arithmetic methods implemented for calculation of discharge are based on the
following literature,

e |SO 748 — 2007, Hydrometry - Measurement of liquid flow in open channels using
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current meters or floats,
¢ WMO-No. 1044, Volume | — Fieldwork, 2010.

e Japanese Literature

c) To change the Discharge Equation method,
i). Use the left or right arrow key to scroll through the list of options,

3.4.4.2 Discharge Uncertainty

The Discharge Uncertainty parameter allows the user to specify what type of
uncertainty analysis must be applied in the discharge calculation process.

a) The discharge uncertainty analysis supported in FlowTracker2 software is
grouped under the following,

i). 1SO 748 - 2007
ii). Interpolated Variance Estimator (IVE)

b) The default Discharge Uncertainty method applied in FlowTracker2 is IVE.

c) The discharge uncertainty analysis was not implemented for the Japanese
discharge equation method.

The uncertainty analysis implemented for determining the overall discharge uncertainty
are based on the following literature,

e |SO 748 — 2007, Hydrometry - Measurement of liquid flow in open channels using
current meters or floats,

e Cohn, T., Kiang, J., and Mason, R., Jr. (2013). "Estimating Discharge Measurement
Uncertainty Using the Interpolated Variance.

d) To change the Discharge Uncertainty method,
i). Use the left or right arrow key to scroll through the list of options,

3.4.4.3 Discharge Reference

The Discharge Reference parameter allows the user to specify what discharge should be
used to determine the percentage discharge displayed at each station.

a) The discharge reference types supported for determine the percentage station
discharge are the following,

i). Rated Discharge
il). Measured Discharge

b) The default Discharge Reference applied in FlowTracker2 is Rated Discharge.

c) To change the Discharge Reference,
1). Use the left or right arrow key to scroll through the list of options,
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3.4.4.4 Max Station Q for Warning (%)

The Max Station Q for Warning parameter is the maximum threshold placed on station
discharge.

a) Station discharge less than 5% of the total discharge is ideal; between 5 — 10%
indicates that an additional station is required in the specific location, larger than
10% is not recommended.

b) The default Max Station Q for Warning applied in FlowTracker2 is 10%.

c) To change the Max Station Q for Warning,

i). Use the backspace key to clear current entry,
ii). Type in the new value using the keypad.

d) To DISABLE the Max Station Q for Warning,
i). Use the backspace key to clear current entry until “Disabled” is displayed.

3.4.4.5 Max Depth Change for Warning (%)

The Max Depth Change for Warning parameter is the maximum threshold placed on
depth change.

a) The change in depth between stations is evaluated to determine if depth may
have been entered incorrectly.

b) The default Max Depth Change for Warning applied in FlowTracker2 is 50%.
c) To change the Max Depth Change for Warning,

i). Use the backspace key to clear current entry,
il). Type in the new value using the keypad.

d) To DISABLE the Max Depth Change for Warning,
1). Use the backspace key to clear current entry until “Disabled” is displayed.

3.4.4.6 Max Spacing Change for Warning (%)

The Max Spacing Change for Warning parameter is the maximum threshold placed on
spacing change.
a) The change in spacing between stations is evaluated to determine if depth was
not entered incorrectly.
b) The default Max Spacing Change for Warning applied in FlowTracker2 is 100%.
c) To change the Max Spacing Change for Warning,

i). Use the backspace key to clear current entry,
if). Type in the new value using the keypad.

d) To DISABLE the Max Spacing Change for Warning,
1). Use the backspace key to clear current entry until “Disabled” is displayed.

3.4.4.7 0.6 Method Depth

The 0.6 Method Depth parameter is the threshold placed on the application of the six
tenths velocity method.
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a) The six tenths velocity method is set as default method in the software when the
measured depth is below the threshold specified.

b) Different velocity method can be selected if the flow conditions are not suited for
six tenths method.

c) To change the 0.6 Method Depth,
1). Use the backspace key to clear current entry,
ii). Type in the new value using the keypad.

3.4.5 Displayed Velocity Methods

The Displayed Velocity Methods function allows the user to specify which Discharge
Velocity Methods must be displayed in the function.

Displayed Velocity Methods function is only applicable to the Discharge Mode. The
General Mode does not contain any discharge calculation or uncertainty analysis.

Displayed Velocity Methods screen includes the 1601  Displayed Velocity Methods  87% [i
following parameters,
a) 0.2/0.8/0.6 Methods
b) Kreps Methods Kreps Methods
c) 5-Point Methods
d) 6-Point Methods

0.2/0.8/0.6 Methods 4 Yes |

5-Point Methods

e) Vertical Velocity Curve 6-Point Methods
f) To select a velocity method, ‘ Dag
i). Use up or down scroll arrows keys to select a Figure 3:14 - Displayed Velocity
parameter, Methods
il). The parameter selected will be highlighted in
yellow.

g) To display a velocity method,
1). Use the left or right arrow key to select either
“Yes” or “No”

h) To navigate to Template Menu,
i). Press the Left Soft Key.

Discharge Velocity Methods specifies how the FlowTracker2 determines mean station
velocity at each station. See Determining Mean Station Velocity for details on the
Discharge Velocity Methods. Properties associated with the parameters in displayed
velocity methods are defined in Table 3:9,

Table 3:9 - Displayed Velocity Methods - Properties

Discharge Velocity Method Default Display Required
0.2/0.8/0.6 Methods Yes At least one
Kreps Methods No method is
5-Point Methods No required for
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Discharge Velocity Method Default Display Required
6-Point Methods No Discharge Mode
Vertical Velocity Curve No

Methods implemented for determining mean velocity in a vertical are based on the
following literature,

e |ISO 748 — 2007, Hydrometry - Measurement of liquid flow in open channels using
current meters or floats,

e WMO-No. 1044, Volume | — Fieldwork, 2010.
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Section 4. Utilities
4.1. System Clock

System Clock function enables the setting of the internal date and time used in the
FlowTracker2 handheld software. The main data collection processes are associated
with internal date and time stamps and it is important that the instrument date and time
are configured correctly.

System Clock screen includes the following System Clock
parameters,
a) Date,
b) Time, 2015-10-22
c) UTC Time. 18:55:31

d) To change internal date and time,
i). Press the Right Soft Key to select Menu,
if). Use up or down scroll arrows keys to select an —
option,
iii). Press enter key to select the parameter
highlighted in yellow.

e) To navigate to Utilities menu,
1). Press the Left Soft Key.

Figure 4:1 - System Clock

The System Clock options implemented to set the internal data and time of the
FlowTracker2 handheld are the following,

e Manual Change
e Sync with GPS Time

Setting the correct date and time in the FlowTracker2 handheld is important to ensure
that the correct metadata are associated with all measurements.

4.1.1 Manual Change

Manual Change option requires the user to enter the correct date and time based on
external references.

Change System Clock screen includes the following Change System Clock 100% il
parameters,
Offset From UTC 4 -08:00 »
a) Offset From UTC, |
b) Date, Local Date
c) Time. Local Time

(use ', to enter ")
d) To select a parameter,
i). Use up or down scroll arrows keys to select a

parameter,
il). The parameter selected will be highlighted in Figure 4:2 - Change System
yellow. Clock
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e) To change the Offset From UTC,
i). Use the left or right arrow key to scroll through the list of available offsets,
if). Type in the new value using the keypad.

f) To change the Date or Time,
i). Use the backspace key to clear current entry,
ii). Type in the new value using the keypad.
g) To accept the new Date and Time settings,
i). Press the Right Soft Key,
i1). The software will return to System Clock screen.

h) To CANCEL change of System Clock settings,
i). Press the Left Soft Key.

The System Clock time is displayed on the left corner of the top banner of the LCD
screen in hh:mm. The time displayed can be referenced against an external reference
to determine if the instrument internal clock is correct.

The Properties associated with the date and time parameters for manual Change option
are defined in Table 4:1,

Table 4:1 - Date and Time - Properties

Parameter Format Separator Example
Date yyyy-mm-dd - 2015-10-22
Time hh:mm:ss : 19:11:22
Offset From UTC hh:mm : 00:15

4.1.2 Sync with GPS Time

Sync with GPS Time option synchronizes the internal date and time of the
FlowTracker2 handheld to GPS date and time.

When synchronizing the System Clock with GPS the internal time will be based on UTC
time. Make sure the offset from UTC is set based on your region and select “Sync with
GPS Time” again. The GPS time will now be correct with the offset from UTC time.

a) The information displayed on Sync with GPS ¥ Please Wait 100% fil
Time screen includes the following,

i). Waiting for GPS time.

b) The date and time will be updated when there
are sufficient satellites in view of the handheld
to establish a GPS lock.

Waiting for GPS time

c) The software will Navigate to the System Clock
screen when the synchronization is complete.

d) To CANCEL Sync with GPS Time,
i). Press the Left Soft Key.

Figure 4:3 - Sync with GPS Time
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GPS On: If the internal clock is detected to be more than one minute off — the clock
text will be displayed in red and blinking. If the time difference with internal clock is less
than 1 minute — the clock will be green.

GPS off: If the time difference with internal clock is less than 1 minute — the clock will
be green.

The system clock has an internal battery that will keep time for approximately 3
months without the handheld AA battery cartridge installed. If the system is stored for a
similar or longer period of time, it will be necessary to check or change the time.

4.2. Recorder

Recorder function enables the user to manage the memory usage of the internal
recorder in the FlowTracker2 handheld. The available memory of the internal recorder is
dependent on the type, number and size of the files stored.

a) The following information is displayed on the Recorder
Recorder screen,

Free: 2000MB (100%)

i). Pie chart showing percentage of free and
used recorder space,

i). Free Space in Megabytes (MB),
iii). Used Space in Megabytes (MB).
b) The size of the internal recorder is 2000MB. Used: OMB (0%)
c) To ERASE internal recorder, Utilities Erase Al
i). Press the Right Soft Key to select Erase All. Figure 4:4 - Recorder
d) To navigate to Utilities menu,
1). Pressthe Left Soft Key.

4.2.1 Manage Recorder

The FlowTracker2 stores different file types in the internal recorder based on the
measurement method selected, templates created, configuration, firmware upgrade or
language translation. The Properties associated with the FlowTracker2 file types stored
on the internal recorder are defined in Table 4:2,

Table 4:2 - File Types - Properties

File Type Extension Visible Erase
Measurement Flow Tracker 2 Tt Yes Yes
File Measurement File
Templates Flow Tracker 2 ft_template Yes Yes

Configuration

Template File
Manual Beam Flow Tracker 2 | .ft_beamcheck Yes Yes
Check Beam Check File
Configuration not relevant/not .dat No No
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File Type Extension Visible Erase
user exposed
Firmware Flow Tracker 2 ft_firmware | 1) Uploaded from PC. No
Firmware File 2) Not visible or accessible in
HH by user.
Language Flow Tracker 2 Jang 1) Created and uploaded from No
PC.

Localization File _
2) Can be deleted in HH by

pressing the Delete button
while the language is
selected.

The management of the internal recorder is important requirement to ensure that good
data management practices are followed with regard to the following aspects,

e safe keeping of measurement files,

e discarding unwanted measurement files,
e available recorder space,

e removing hidden or corrupt files.

The internal recorder should not be used as the main storage device for safe keeping of
measurement files. It is recommended that measurements are downloaded by the end
of each day and a copy of the measurement files are stored on either a computer or
USB flash drive.

4.2.2 Erase Recorder

The Erase function allows the user to erase all Measurement, Template and Manual
Beam Check files that were stored on the internal recorder. See Table 4.2 for file types
that are impacted by the erase function.

a) Erase Recorder require the user to input Recorder - Erase Al 87% i)
confirmation code “123".

b) To ERASE internal recorder,
i). Enter the confirmation code using the keypad,
ii). Press the Right Soft Key to confirm.

c) To CANCEL Erase Recorder,
I). Pressthe Left Soft Key.

All user data will be erased.

Enter ‘123" in the confirmation field below to
continue,

Confirmation Code | |

Cancel

Figure 4.5 - Erase Recorder

Be certain that all data has been downloaded before erasing the recorder. Data cannot
be recovered after the recorder is erased.

Regularly erasing the recorder ensures that good data management practices are
followed. This will process will reduce the impact of unwanted or corrupt files on the
available memory.
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4.3. Battery Data

Battery Data function displays the battery voltage and estimated capacity of the battery
used within the FlowTracker2 handheld.

The available battery capacity is displayed on the right corner of the top banner of the
LCD screen as a percentage of the full capacity. The percentage available will guide
the user in determining if batteries need to be replaced before a new measurement is
started.

The Battery Data screen includes the following Battery Data
parameters,

Battery Type

a) Battery Type,
b) Battery Voltage,
c) Percentage Full.

‘4 Alkaline -|

Battery Voltage

d) To change the Battery Type,
i). Use the left or right arrow key to scroll through  [Sus

the list of available offsets.

e) To navigate to Utilities menu, Fi 4°6-B D
i). Press the Left Soft Key. 'gure 4:6 - Battery Data

Utilities

4.3.1 Battery Type

The Battery Type parameter specifies the type of battery used within the FlowTracker2
handheld.

a) The Battery Types supported in FlowTracker2 is grouped under the following,

i). Alkaline: 8 x size AA/LR6 Alkaline batteries,
il). NIMH : 8 x size AA, Type BK200AAB, 1.2Vdc, 1900mAh

Only this type of NiMH rechargeable batteries with IEC 62133 approval can be used, or
else safety protection will be void.

The use of NiMH Rechargeable Batteries is only CE certified per IEC 62133 for
FlowTracker2 part number FT2-HH-2 and above.

b) Battery specifications vary depending on brand. FlowTracker2 specifications are
based on,

i). Alkaline: Energizer Industrial EN91,
i). NiMH: Panasonic Rechargeable BK200AAB,
iii). See also Table 4:5 — Battery Specification.

c) The typical capacity for battery types operating FlowTracker2 are the following.
This is dependent on the brand of battery used and the environmental conditions
that it is exposed to. Battery capacity estimates are based on voltage and are
only approximate, particularly for rechargeable batteries where voltage
characteristics can change significantly over the life of the batteries.
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i). 8xsize AA: = 15 hours continuous use with typical settings.

The typical settings used for determining the battery capacity indicated above are
based on the following,

e Operating screen at 100% brightness,

e ADV sensor pinging at 50% of the measurement time,
e No sleep periods,

e GPS off.

Cold weather can greatly affect battery voltage and capacity; always check battery
voltage after the system has acclimated to outside temperatures.

Battery manufacturer guidelines must be followed during normal use, long term storage
and charging requirements. The disposal of batteries must be done with care and it is
recommended that local authority guidelines be used.

4.3.2 Battery Voltage

The Battery Voltage displayed is the current battery voltage level available from the
batteries installed in the FlowTracker2 handheld.

4.3.3 Percentage Full

The Percentage Full is an estimate of the remaining capacity of the battery as a
percentage of the full capacity.

When the remaining capacity of the battery reaches 0%, the FlowTracker2 handheld
will supply the following message, “Battery level critically low — shutting down”. The
user will be required to replace the batteries before continuing with operations.

4.4. Raw Data Display

Raw Data function allows the graphical display of raw time series data measured by the
FlowTracker2. The raw time series data displayed are velocity and SNR data from each
beam, tilt and temperature readings.

The Raw Data screen includes the following 2 Raw Data
variables,

Velocities - All (ft/s)

a) Velocity,

b) SNR,

c) Temperature,
d) Tilt,

e) Battery.

2.2474
f) To select a variable,

i). Use up or down scroll arrows keys to view a
variable. Figure 4:7 - Raw Data

Utilities
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g) To navigate to Utilities menu,
i). Press the Left Soft Key.

Raw Data displayed in this function are NOT stored but enable the user to verify if the
flow conditions are ideal for measurements.

4.4.1 Velocity Raw Data

The Velocity variable displays the individual velocity components of the one second
measured raw velocity data.
a) 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,

b) The raw velocity data are updated once per second,
c) The FlowTracker2 Probe Coordinate System is outlined in Figure 4:8.

Graduated Tag Line

@ g @

Primary Flow

Y Direction
N o eoampling

Probe .-~ Volume

Coordinate System

-

Figure 4:8 - FlowTracker2 Coordinate System

d) The velocity components of FlowTraker2 and display options for individual or all
velocity components are listed in Table 4:3. The shortcut key on the keypad
determines which velocity component will be displayed.

Table 4:3 - Raw Velocity Display

Velocity Description Line Keypad

Component Color Graphic Display

The positive X-axis is
defined perpendicular to
both the probe’s stem and
X - Velocity | the axis of the transmit Red
transducer in the direction
of receiver arm #1 (marked
with a red band).
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Velocity Line Keypad

Component Description Color Key Graphic Display

The positive Y-axis is
defined along the axis of the
transmit transducer from the
Y - Velocity | transmitter towards the Blue
sampling volume (making a
right-handed coordinate
system).

Raw Data

The positive Z-axis is
defined as vertically up in
Z - Velocity | the direction of the probe’s Green

stem.
Red /
All Velocities | All of the above Blue /
Green

e) The continuous lines displayed in the graphics are defined under the following
categories,

i). Thin continuous line represents the one second raw velocity data,

i). Thick continuous line represents moving average of the one second raw
velocity data.

f) The velocity values displayed in the rectangular boxes for each velocity
component below the graphical display are defined under the following categories,
i). Thin box outline, instantaneous one second raw velocity data,
il). Thick box outline, represents moving average of the one second raw velocity
data.

4.4.2 SNR Raw Data

The SNR variable displays the individual Beam SNR measurements from the one
second measured raw data.

a) SNR is primarily a function of the amount of particulate matter in the water. For
good conditions, 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,

b) The SNR data is updated once per second,
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c) The display options for individual or all beam SNR values are listed in Table 4:4.
The shortcut key on the keypad determines which beam SNR will be displayed,

Table 4:4 - Beam SNR Display

Beam SNR Line Color Keypad Key
Beaml SNR1 Red 1
Beam2 SNR2 Blue 2
Beam3 SNR3 Green 3

All Beams All SNR All 4

d) The continuous lines displayed in the graphics are defined under the following
categories,

i). Thin continuous line represents the one second raw SNR data,
i). Thick continuous line represents moving average of the one second raw SNR
data.

e) The SNR values displayed in the rectangular boxes for each beam below the
graphical display are defined under the following categories,

i). Thin box outline, instantaneous one second raw SNR data,
il). Thick box outline, represents moving average of the one second raw SNR
data.

4.4.3 Temperature Raw Data

The Temperature variable displays the temperature measurements from the one second
measured raw data.

a) Temperature data are used for sound speed calculations and can affect velocity
data.

b) Check temperature data to be sure the values are reasonable for the
environment.

c) The Temperature data are updated once per second.

4.4.4 Tilt Raw Data

The Tilt variable displays the angle of the wading rod from the vertical based on one
second measured raw data.

a) The Tilt information is calculated from the internal pitch and roll sensor in the
FlowTracker2 probe.
b) The Pitch and Roll data is recorded once per second.

4.4.5 Battery Indicator

The Battery variable displays the real time battery voltage level of the batteries housed
in the FlowTracker2 handheld.

a) The FlowTracker2 uses eight AA batteries contained in a battery pack.

FlowTracker2 User’'s Manual (February 2016) 58



SonTek — a Xylem brand

b) Cold weather can greatly affect battery voltage and capacity; always check battery
voltage after the system has acclimated to outside temperatures.

c) The Battery data are updated once per second.

d) Comparison of Battery types are listed in Table 4:5

Table 4.5 — Battery Specification

Category Alkaline NiMH
General description Single use Rechargeable
Nominal battery capacity (typical) 1500 mAh 1900mAh
New battery voltage 12v 11V
Drained battery voltage 8Vv oV

When the remaining capacity of the battery reaches 0%, the FlowTracker2 handheld
will supply the following message, “Battery level critically low — shutting down”. The
user will be required to replace the batteries before continuing with operations.

4 5. Automated Beam Check

The Automated Beam Check function performs a number of quality control checks on the
Beam Check data collected during the required time frame. The Automated Beam
Check is an automated version of Beam Check function described in Beam Check. In
the Original FlowTracker, the Automated Beam Check was known as “Auto QC Test".

a) Place the probe in moving water such that the probe is submerged and well away
from any underwater obstacles,
i). The FlowTracker2 collects data until It has 20 diagnostic samples (not time

based),
il). The beam data are analyzed on several criteria outlined in Table 4:6.

b) The automated beam check quality control criteria used in the evaluation of the
beam check data are listed in Table 4:6,

Table 4:6 - Automated Beam Check Quality Control Criteria

Quality Control Criteria QC Warning Graphic Display

Automated BeamCheck 83% @

e Measured electronics noise
level is compared to reference
data. Any significant deviation | Noise Level >

Noise Level causes a warning,

¢ A large change in noise level QC
may indicate damage to the
probe.
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Quality Control

Criteria

QC Warning

SNR

e The SNR is checked as
sufficient for reliable data
collection,

e Each beam SNR is compared
to be sure all beams perform
equally,

e A warning is issued for low
SNR < 4 dB,

e A warning is issued for 4 dB >
SNR <7dB,

e Beam SNR values differ.

Graphic Display

Automated BeamCheck

SNR

Peak Level

¢ 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 Level >

Automated BeamCheck

Peak Level - All (dB)

QC

Peak Location

e 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).

Location >

Peak

QC

c) If any warnings are issued, the warnings will be displayed at the bottom of the
graphics. The user have the option to repeat the test if warnings are issued.

i). We recommend repeating the test at least once, after you verify that the probe
and sampling volume are well away from any underwater obstacles.
ii). If multiple warnings are received, run manual Beam Check to evaluate

FlowTracker2 performance in more detalil.

d) The display options for individual or all beam check data are listed in Table 4:7.
The shortcut key on the keypad determines which beam SNR will be displayed,

Table 4:7 - Automated Beam Check Display

Beam Line Color Keypad Key
Beaml Red 1
Beam?2 Blue 2
Beam3 Green 3

All Beams All 4

e) To select a Quality Control Criteria,
i). Use up or down scroll arrows keys to view quality control criteria.
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f) To accept Automated Beam Check,
i). Press the Right Soft Key,
il). The software will continue to the Data Collection screen.

g) To RESTART Automated Beam Check,
i). Press the Left Soft Key.

4.6. Beam Check

Beam Check operates by sending a pulse of sound into the water, and then plots the
signal to noise ratio of the return signal versus range for each of the FlowTracker’s
receivers. This information can be evaluated to determine the effective measurement
range, to look for interference from boundaries/structures, to survey a deployment site,
or to observe the quality of the returned signal.

a) The Beam Check function can be accessed 3:3 Beam Check
from the Utilities menu,

b) Beam Check file will be recorded in the
handheld recorder for each Beam Check
performed. The file naming convention for
beam check files consists of the following,

04 05

i). File Extension: .ft_beamcheck
il). Naming Convention: yyyymmdd-hhmmss

Utilities

c) The maximum number of samples that can be :
recorded during a Beam Check is 30. Figure 4:9 —Beam Check

d) Place the probe in either a small tank, bucket of water or measurement section in
canal or river such that the probe is submerged and there is a boundary (surface,
side, or bottom) within view,

e) To record or stop recoding of Beam Check,
i). Press the Right Soft Key,

f) To navigate to Utilities menu,
i). Press the Left Soft Key.
4.7. GPS Data

GPS Data function display the Global Positioning System data received from the internal
GPS receiver in the FlowTracker2 handheld. The GPS data displayed consist of satellite
time, satellite information and coordinates.
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The GPS Data screen includes the following
variables,

a)
b)
c)
d)
e)

Device Date UTC,
Device Time UTC,
Satellite Date UTC,
Satellite Time UTC,
# Satellites,

Y GPS Data

87% (i

Satellite Date UTC
2028-10-15

Device Date UTC
2015-10-28

Satellite Time UTC
04:40:25
# Satellites Fix Quality

Device Time UTC
04:40:25

f) Fix Quality,
g) Latitude,
h) Longitude,
i) Altitude,

j) HDOP.

Utilities

-

Figure 4:10 - GPS Data

k) To navigate to Utilities menu,
i). Pressthe Left Soft Key.

Properties associated with the variables in displayed GPS Data screen are defined in

Table 4:8,
Table 4:8 - GPS Data - Properties
Variable Description Format \ Units
Device Date UTC The FlowTracker2 handheld internal date set to
. : . yyyy-mm-dd
Coordinated Universal Time (UTC).
Device Time UTC The FlowTracker2 handheld internal time set to hh:mm:ss
Coordinated Universal Time (UTC).
Satellite Date UTC | Current satellite date based on Coordinated
Universal Time (UTC). yyyy-mm-dd
Satellite Time UTC | Current satellite time based on Coordinated hh:mm:ss
Universal Time (UTC).
# Satellites Number of satellites in view of GPS receiver in the n/a
FlowTracker2 handheld
Fix Quality GPS Quality indicator (0=no fix, 1=GPS fix, 2=Dif. /
GPS fix) a
Latitude GPS derived Latitude DDD° MM' SS.SS
Longitude GPS derived Longitude DDD° MM' SS.SS
Altitude GPS derived altitude above mean sea level. m
HDOP Horizontal dilution of position is a GPS term used
to describe the geometric strength of satellite
configuration on GPS accuracy. HDOP values n/a

are typically between 1 and 2 although the ideal is
a HDOP value of 1.
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4.8. System Maintenance

System Maintenance function enables the user to perform number of maintenance
tasks on the FlowTracker2 handled and probe firmware.

System Maintenance screen includes the following 14:28 System Maintenance 83% (i
functions,

Force Probe Upgrade
a) Force Probe Upgrade, —

b) To select a variable,
i). Use up or down scroll arrows keys to view a
variable.
c) To navigate to Utilities menu,
1). Pressthe Left Soft Key.

Figure 4:11 — System
Maintenance

4.8.1 Force Probe Upgrade

The Force Probe Upgrade function allows the user to either upload or downgrade the
firmware on the probe. This function is normally used when communication problems
are experienced with the probe or when the probe firmware needs to be downgraded.

Warning screen of Force Probe Upgrade function 14:39 Warning
displays the warnings associated with downgrading
: This operation should be used to recover a
prObe flrmware’ probe without firmware. In rare cases this option
may be used to downgrade the firmware of a
a) TO CANCEL force prObe upgrade’ working probe which is not recommended. Do
|). Press the Left Soft Key you want to continue?

b) To continue with force probe upgrade,
1). Press the Right Soft Key.

Figure 4:12 — Force Probe
Upgrade Warning

In case where the probe firmware version is newer than the firmware installed on the
handheld, the handheld will supply a warning message before each velocity
measurement is performed: “The Probe firmware is newer than expected — please
consider upgrading the Handheld firmware to the latest version available”
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Section 5. Data Collection Modes

The FlowTracker2 provides two data collection modes that the user can apply in the
collection of velocity data. The Discharge and General modes available in FlowTracker2
has different field applications and the method of each mode is described in this section.

5.1. Discharge Mode

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 throughout the cross section. These measurements are combined with location
and water depth information to compute the total discharge.

5.1.1 Measurement Technique

The basic Measurement Technique used for performing discharge measurement using
the Discharge Mode is briefly discussed under the following points and this
measurement process should be read in conjunction with Site Selection Requirements.

a) A measurement site is selected based on criteria stipulated in Site Selection
Requirements. The site selection process is a crucial part of collecting discharge
measurement data.

i). ldeal measurement site, the flow should be perpendicular to the tag line at all
points with no flow reversals or obstructions.

if). The measurement site should encompass the minimum measurement site and
hydraulic requirements discussed in Site Selection Requirements.

iii). Flow conditions at the measurement site are the most important factor in
determining overall accuracy of the measurement.

b) A graduated tag line is strung across the river.

c) The operator starts at one edge, recording the starting-edge location and water
depth.

d) The river cross section is split into several stations. At each station, the operator
records the station location and water depth, and then performs velocity
measurements at one or more depths to determine the mean velocity at that
station.

e) During velocity measurements, the probe’s X-axis is maintained perpendicular to
the tag line (Figure 5:1); the red band (receiver arm #1) should face downstream.
Only the X-component of velocity (vx) is used to in the discharge calculation,
regardless of the flow direction (flow direction is also measured and recorded).
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Graduated Tag Line

Primary Flow

Y Direction
Ix ________________ - uSampling

Probe Volume
Coordinate System

Mounting
Pin
Figure 5:1 — FlowTracker2 Probe Orientation Relative to Stream Flow

f) When all station measurements are completed, the operator records the ending-
edge location and water depth.
g) The total discharge is the sum of all station discharge values.

5.1.2 Discharge Calculation Methods

The discharge calculation methods implemented in FlowTracker2 are based on
established methods that are documented in international standards and are widely used
by government agencies, hydrologists and hydrographers. The discharge calculation
methods were originally developed for current meter instruments. The FlowTracker2
makes use of the same measuring technique and for this reason the same calculation
methods can be used to determine the total discharge.

The methods implemented for calculation of discharge are based on the following
literature,

e |SO 748 — 2007, Hydrometry - Measurement of liquid flow in open channels using
current meters or floats,

e WMO-No. 1044, Volume | — Fieldwork, 2010.
e Japanese Literature

The FlowTracker2 supports several discharge calculating methods for calculating
discharge following the basic measuring technique outlined above.

e Mid-Section equation (see 5.1.2.1),
e Mean-Section equation (see 5.1.2.2),

e The Japanese equation (see 5.1.2.3).

5.1.2.1 Mid-Section Equation

The Mid-Section method is based on a measurement section that is divided into a
number of stations with panels created for each station across the section. The average
velocity of a panel is assumed to be equal to the average velocity in the vertical
calculated from the point velocity measurements made. The equation of the Mid-Section
method is given in Equation 5:1.

This method is used by the U.S. Geological Survey (USGS), the primary U.S.
government agency responsible for river discharge monitoring.
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Equation 5:1 - Mid-Section Method

b,—b b,—b b,.;—b,_
Q=Z§°d°< 12 0>+§1d1(22 O)Jﬁ"d"( n+12 nl)

where, v is the average velocity in the vertical or at the station,
d is the water depth measured at the station,
b is the location of the station.

The application of the Mid-Section equation within a measurement section is graphically
shown in Figure 5:2. The principle of the Mid-Section method is highlighted in the figure
below where the panel width (W is calculated based on the station locations (L) with
the station as the center of the panel.

A ' Loc, “%toc, Locy,- loc, Lec. oG " LOG o -Locy
Ve{_,' Vel, Vel, Vel, Vel, Vel, Vel, :

Figure 5:2 - Mid-Section Method

There are few special cases to consider when applying the Mid-Section method in
calculating of total discharge.

a) Edges
i). Edge can be either the Left Bank or Right Bank,
i). Edge calculations are handled differently from stations in open water with
reference to the first component of Equation 5:1,
iii). The mean velocity at the edge is scaled from the adjacent station by a user

defined correction factor (CF),
iv). Edge water depth of zero will result in zero flow for the edge calculation.

b) Islands (multiple channels)

i). If ariver is split into multiple channels, any internal island(s) must be
accounted for in the discharge calculation,
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i). The stations at each edge of the island(s) are treated as an Island Edge,

iii). Island edge calculations are handled the same as 66 with reference to the first
component of Equation 5:1,

iv). The mean velocity at the island edge is scaled from the adjacent station by a
user defined correction factor (CF),

v). Edge water depth of zero will result in zero flow for the edge calculation.

5.1.2.2 Mean-Section Equation

The Mean-Section method is based on a measurement section that is divided into
number of stations with panels created in between adjacent stations across the section.
The average velocity of a panel is assumed to be the average velocity of the two
adjacent stations velocities in the vertical calculated from point velocity measurements
made. The equation of the Mean-Section method is given in Equation 5:2.

Equation 5:2 - Mean-Section Method
d{ +dy\ (v +7V d, +d{\ (v, + 7V d +d 7.+
0= =00 (257 (vl U") + (b = b () ("2 ”1) + (B — by) (225) (vn+1 vn>

2 2 2 2 2 2
where, v is the average velocity in the vertical or at the station,

d is the water depth measured at the station,
b is the location of the station.

The application of the Mean-Section equation within a measurement section is
graphically shown in Figure 5:3. The principle of the Mean-Section method is shown in
the figure below where panel width (W) is calculated based on the station locations
between adjacent stations across the section.

Los, #toc, Log Loc, Loc, - Loc: - koc, o -koCy = Log
Vel; = Vel, Vel, Vel, Vel. Vel, Vel 6 :

. f t } { ¥
= Dep, Dep, Dep, Dep. Dep, Dep, Dep, Dep, Dep, Dep, Dep,
e )

» Area Area,,

Area,,

Area, 7 A
Area, 7®% Area,  Area, 8w

Area, Area,

Figure 5:3 - Mean-Section Method

FlowTracker2 User’'s Manual (February 2016) 67



SonTek — a Xylem brand

There are few special cases to consider when applying the Mean-Section method in
calculating of total discharge.
a) Edges
i). Edge can be either the Left Bank or Right Bank,
il). Edge calculations are handled exactly the same from stations in open water
with reference to the first component of Equation 5:2,
iii). Correction factor (CF) is NOT applied in Mean-Section method to scale the
mean velocity at the edges from the adjacent station,

iv). The discharge on the edges can be determined by applying Equation 5:2 on
the assumption that the velocity at the edges is zero.

b) Islands (multiple channels)

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

il). The stations at each edge of the island(s) are treated as an Island Edge,

ii). Island edge calculations are handled the same as 68 with reference to the first
component of Equation 5:2,

iv). Correction factor (CF) is NOT applied in Mean-Section method to scale the
mean velocity at the edges from the adjacent station,

v). The discharge on the edges can be determined by applying Equation 5:2 on
the assumption that the velocity at the edges is zero.

5.1.2.3 Japanese Equation

The Japanese method is similar to both the Mean-Section and Mid-Section methods in
some respects with its own unique measuring technique. The most significant feature of
the Japanese method is the duplicate measurements performed of each depth and point
velocity measurements at a station. The Japanese national standard guideline for
determining the measurement interval for depth and velocity are dependent on the
measurement section width and are supplied in Table 5:1.

Table 5:1 - Predetermination of Measuring Intervals

. : Measuring Interval of | Measuring Interval of
River Width, B (m) Deptr?, M (m) Veloci?y, N (m)
Less than 10m 10 — 15% of B N=M
10-20 1 2
20-40 2 4
40-60 3 6
60-80 4 8
80-100 5 10
100-150 6 12
150-200 10 20
200 over 15 30
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The Japanese method has two separate equations for determining the total discharge
based on the measurement section width. The equation of the Japanese method for
measurement section greater than 10m is given in Equation 5:3.

Equation 5:3 - Japanese Method > 10m
0 = E{[t0 - b 05 (25 1 80288) 1 (5, ) 05 (28 2288 (BT
Edge

([0 — bucs) x 05 (222 4 domtdicn) 4y, — ) x 0.5 (Lesetfhns g durdh)) (Tt )

2 2 2

The equation of the Japanese method for measurement section smaller than 10m is
given in Equation 5:4.

Equation 5:4 - Japanese Method < 10m

=2 {[(b1 bo) X 0.5 (d1+d1 + d°§d°) + (bngl) x 0.5 (d2+d2 + dl;d )] x (Eﬁy;)} +
Edge

52 oot 255 (52 st 255 (255

[(bn—:n_l) 0.5 (dn+dn + dn_lzd;_l) + (bn+;—bn) % 0.5 (dm;d;ﬂ + dn;da)] y (vnw;)

The application of the Japanese equation within a measurement section that is greater
than 10m is graphically shown in Figure 5:4.

stoc, Loc;=—log, —Loc —Lec *Loc Locetlioc s hacs
Vel Vel Vel, : v ' Vel

Figure 5:4 - Japanese Method >10m
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There are few special cases to consider when applying the Japanese method in
calculating of total discharge.

a) Edges
i). Edge can be either the Left Bank or Right Bank,
il). Edge calculations are handled exactly the same from stations in open water
with reference to the first component of Equation 5:3,

iii). Correction factor (CF) is NOT applied in Japanese method to scale the mean
velocity at the edges from the adjacent station,

b) Islands (multiple channels)

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

i). The stations at each edge of the island(s) are treated as an Island Edge,

ii). Island edge calculations are handled the same as 70 with reference to the first
component of Equation 5:3,

iv). Correction factor (CF) is NOT applied in Japanese method to scale the mean
velocity at the edges from the adjacent station,

5.1.3 Determining Mean Station Velocity

The Mean Station Velocity or Mean Velocity in a Vertical determines how mean
velocity is determined at each station. The measurement techniques used involves
variations in the number of point velocity measurements taken at a range of
measurement depts. The method used to calculate the mean velocity in a vertical
depends on the number of point velocity measurements made within a vertical.

Methods implemented for determining mean station velocity in a vertical are based on
the following literature,

e |SO 748 — 2007, Hydrometry - Measurement of liquid flow in open channels using
current meters or floats,

¢ WMO-No. 1044, Volume | — Fieldwork, 2010.

The methods implemented in FlowTracker2 for determining the Mean Station Velocity
are defined in Table 5:2.

Table 5:2 - Determining Mean Station Velocity

Method Measurement Depth Mean Velocity Equation

0.6 0.6* depth Vmean = CF * Vg

0.2/0.8 0.2 * depth

= Voo + Vog) /2
0.8/0.2 | 0.8 *depth CF* (Vo2 +Vog)/2)

Vmean

2/.6/.8 0.2 * depth
.8/.6/.2 0.6* depth Vimean = CF * ((VO.Z + 2%V + VO.S) / 4)
e 0.8 * depth
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Method Measurement Depth Mean Velocity Equation
* i Vmean = 0-92*\/0.6
Ice 0.6 0.6 * effective depth (Correction Factor 0.92 can be changed by user)
* ; Vimean = 0.88*Vg 5
lce 0.5 0.5 effective depth (Correction Factor 0.88 can be changed by user)
Ice 2/8 0.2 * effective depth Voo = E* (Voo + Vae) ]2
Ilce 8/2 | 0.8 * effective depth mean = CF * (Voz + Vo) /2)
Kreps 2- | 0.0 (near surface) _ * N "
Kreps 2+ | 0.62 * depth Vimean = CF * (0.31*Vo + 0.634*V6,)
0.0 (near surface)
5 Point+ 0.2 * depth ~ . , . )
. 0.6 * depth Vimean = CF * (Voo + 3*Vo2 + 3*Voe + 2*Vog+ Vi) / 10)
5 Point-
0.8 * depth
1.0 (near bottom)
0.0 (near surface)
0.2 * depth
6 Point+ 4 * h
6 Point- 86 * gzg:h Vimean = CF * ((VO.O + 2"V 2+ 2*Vo 4+ 2*Vo 6 + 2%V gt Vl.O) / 10)
0.8 * depth
1.0 (near bottom)
Vimean = CF * Integrated velocity
Vertical A ber of points at Measurements can be made in any order; they are sorted
Velocity ny num _(fe_rg dDOI?hS a by depth to calculate the integrated mean velocity. Repeat
Curve user-speciiied depths measurements at the same depth are averaged prior to
calculating the integrated velocity.
Vmean = CF * Vadjacent
Mean velocity is based on the velocity from the adjacent
None No velocity measurement station(s), multiplied by a user-specified correction factor.
This method is used when velocity measurements cannot be
made or with the Japanese method.
Vmean = 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.

Methods involving more than one measurement can be done in either direction (from
surface to the bottom, or from the bottom towards the surface).

5.1.3.1 Method None

The method None is used in a number of different scenarios from assigning zero velocity
to channel banks, stations where no measurements are possible to Japanese method
where the measurement section is wider than 10m.

a) Channel Banks

i). Edges describing the left or Right bank of a channel,
ii). Island Edges describing the banks of island\s,
iii). The method None is assigned automatically for Edges and Island Edges by

the software.
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b) Station Measurement not Possible

i). The measuring site conditions do not allow velocity measurement (perhaps
due to weed growth),

i). Velocity for this station is based on the mean station velocity from the adjacent
station(s) with velocity measurements multiplied by the user-specified
correction (CF) factor for this station.

c) Japanese Method

i). Japanese measuring technique for measurement sections wider than 10m
require velocity measurements only at every second station,
i). A velocity method of “Depth Only” is assigned to None velocity stations.

5.1.3.2 Vertical Velocity Curve

The Vertical Velocity Curve method is a series of point velocity measurements that are
well distributed between the water surface and channel bed. Normally observation is
made at 0.1 depth increments between 0.1 and 0.9 of the total water depth. Point
velocity measurements at the standard 0.2, 0.6 and 0.8 depths are required to compare
the vertical velocity curve method against standard methods.

a) For each measurement, you must manually enter the measurement depth.
b) The mean station velocity (mean velocity in vertical) is calculated by integrating all
velocity measurements considering their location as illustrated in Figure 5:5.

Surface Surface

\/1 VSurface - \/1 VSurfa(e -

v, 4 v, o e

\/3 V23 =/ \/3 V23 =/

VN - VN -
Bottom Bottom

Mid and Mean Section Integration Japanese Equation Integration
VSurfacez V1 VSurfacez V1
Viy (Vi +V,)/2 Vi, =V +V,,,)/72
Vo= (6/7)*V (176 power law) V... =(1/2)*V, (Linear velocity change)

Figure 5:5 - Vertical Velocity Curve

c) If multiple measurements are made at the same measurement depth, these
measurements are averaged prior to calculating the velocity integration.
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5.1.3.3 Correction Factor

The Correction Factor (CF) is a user supplied parameter used to scale the mean
station velocity or velocity in the vertical.

Be careful when selecting a Correction Factor, as the mean station velocity is always
scaled by this value. Incorrect use of this parameter will affect the final discharge
measurement.

!

a) The CF is most commonly used at edges, internal islands, and other method
None stations to scale the velocity from the adjacent station(s).
i). The default CF value is 1.00.
i). Any value from -1.00 to 1.00, except 0.0, is allowed.

b) The CF can be entered for any station and the mean station velocity will be
multiplied by the CF.

c) Special conditions near edge measurements in very narrow streams.

i). The orientation of the FlowTracker2 probe can be reversed by 180° to allow
measurement closer to the edge.
if). A CF of -1.00 should be entered to correct the FlowTracker2 X-velocity.

5.1.4 Discharge Uncertainty Calculation

Discharge Uncertainty Calculation is performed on every discharge measurement to
determine the overall measurement uncertainty.

a) The uncertainty calculation methods implemented in FlowTracker2 is based on
the Interpolated Variance Estimator (IVE) and ISO methods,

i). The Interpolated Variance Estimator (IVE) uncertainty calculation method
uses a method developed by researchers at the U.S. Geological Survey. The
IVE uncertainty calculation is the default method as it provides the most
reliable indicator of measurement quality,

i). The ISO 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 analysis implemented for determining the overall discharge uncertainty
are based on the following literature,

e |SO 748 — 2007, Hydrometry - Measurement of liquid flow in open channels using
current meters or floats,

e Cohn, T., Kiang, J., and Mason, R., Jr. (2013). "Estimating Discharge Measurement
Uncertainty Using the Interpolated Variance.

b) The application of uncertainty calculation methods to discharge calculation
methods are defined,

i). The uncertainty calculation methods implemented are only applicable to the
“Mid-Section” and “Mean-Section” discharge calculation methods.
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il). The Japanese method does not incorporate discharge uncertainty calculations
and a method “None” is assigned.

c) The uncertainty calculations are based on several different parameters. In
addition to overall uncertainty, the FlowTracker2 also looks at the contribution of
each of the following parameters.

i). Accuracy: The accuracy of the FlowTracker2 calibration (this is generally
negligible),
ii). Depth
e Inthe IVE calculation, this term includes both uncertainty in the depth
measurement and the effect of changes in depth between stations,
e Inthe ISO calculation, this term includes only the uncertainty in depth
measurements.
iii). Velocity
e Inthe IVE calculation, this term includes both uncertainty in the velocity
measurement and the effect of changes in velocity between stations,
e Inthe ISO calculation, this term includes only the uncertainty in velocity
measurements.
iv). Width
e Estimated uncertainty in width measurements.

V). Method: Determining Mean Station Velocity.
e Use for the ISO method only.

vi). Number of stations
e Use for the ISO method only.

5.1.5 Under Ice Measurements

The discharge calculation methods discussed previously in this section are also
applicable for Under Ice Measurements. It is recommended that the operator refer to
existing literature describing under ice measurements as there are number of aspects
that need to be taken into account.

“Standard Operating Procedures for under ice discharge measurements using ADCPSs”,
Water Survey of Canada, Environment Canada, is a good reference guide for
performing under ice measurements

There are a couple of additional requirements for calculating total discharge in addition to
what was discussed under Discharge Calculation Methods when performing under ice
measurements,

a) Additional measurements required during under ice measurements,

i). Ice thickness,
if). Water surface to bottom of ice,
iii). Water surface to bottom of slush (if slush is present).
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b) Calculating of effective depth. The effective s
depth is defined by the distance between the L= vl = ]

streambed and the bottom of the ice or slush
in the case slush is present,

|) 0.2 depth Setting =a+0.2C Streambed

o= Water surface to bottom of ice 00.2-depth setting = o+ 0.2¢
b= Total depth of water (0.8-depth setting = b-0.2c

"). 0.8 depth Settlng = b _— 0.2C ¢ = Effective depth (c =b-a) 0.6-depth setting = b— 0.4c
. Figure 5:6 - Effective Depth
iii). 0.6 depth setting = b — 0.4C

c) Station area is calculated by multiplying the effective depth and station width.

5.1.6 Weighted Gauge Height

The Weighted Gauge Height during a discharge measurement is the mean water level
calculated at the monitoring site during the measurement time. It is important that an
accurate mean gauge height is determined as this is used with the discharge measured
to develop stage-discharge relationship for the monitoring site. The methods
implemented in FlowTracker2 for determining the weighted gauge height during a
discharge measurement is the average of both the Discharge Weighted and Time
Weighted gauge height.

a) The discharge weighted process is based on the discharge calculated within the
time interval associated with each set of gauge height readings. The equation of
the discharge weighted method is given in Equation 5:5.

Equation 5:5 - Discharge Weighted
q1hy + qz2hs + q3hs + quhy
Q

where, H is the mean gauge height,
Q is the total discharge,
g is the discharge measured between time interval of gauge height readings,
h is the average gauge height readings taken between time interval.

H =

b) The time weighted process is based on the arithmetic mean of the gauge height
calculated within the time interval associated with each set of gauge height
readings.

Equation 5:6 - Time Weighted
tihy + tyhy, + t3hy + t,hy,
B T
where, H is the mean gauge height,
T is the total time for the measurement,
t is the duration of time interval between gauge height readings,
h is the average gauge height readings taken between time interval.
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The method for determining the weighted gauge height are based on the following
literature,
e Measurement and Computation of Stream flow: Volume 1. Measurement of Stage
and Discharge. Page 170. By S. E. RANTZ and others

5.2. General Mode

The General Mode of data collection is for applications that need a series of velocity
measurements at different locations that do not require a standard discharge output.

5.2.1 Measurement Technique

The basic Measurement Technique used for performing velocity measurements using
General Mode is briefly discussed below. The measurement technique differs from the
Discharge Mode where the objective is to determine water velocity at specific locations.

a) The measurement location is not required to comply with any measurement site or
hydraulic requirements stipulated in Site Selection Requirements.

b) The flow conditions at the measurement location should be within the
FlowTracker2 specifications.

c) Station is created for each point velocity measurement assigned a unique X and Y
coordinate.

d) Station velocity measurement performed at user defined location and depth.

5.2.2 Determining Mean Velocity

The Mean Velocity outputs generated from velocity measurements performed in
General Mode consist of Mean Station Velocity and Mean Velocity of All Stations.

a) The Mean Station Velocity is the average of the velocity measurements
performed over a user defined sampling interval at a specific measurement depth.

b) The Mean Velocity of All Stations is the average of all the station
measurements performed each at its own unigue location and measurement
depth.
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Section 6. Quality Control

Quality Control (QC) is continuously performed on all variables collected during a
measurement in both Discharge and General Modes. The Quality Control Parameters
are automatically reviewed at different stages of a measurement and if any values
exceed the expected criteria a warning is supplied.

6.1. Quality Control Parameters

Quality Control Parameters used to analyze the variables collected during a
measurement are discussed in the following section. The quality control parameters with
its expected values are supplied in Table 6:1. All quality control parameters can be
adjusted or disabled based on measurement site and or user requirements.

Table 6:1 - Quality Control Parameters

Parameter Description Expected
SNR is the most important Quality Control parameter,
e It measures the strength of the acoustic reflection | |deally > 10 dB
SNR from particles in the water, Minimum = 4 dB
e Without sufficient SNR, the FlowTracker2 cannot um =
measure velocity.
oV (velocity standard error) is a direct measure of the | Typically <
. accuracy of velocity data, 0.01m/s (0.03
Velocity | oyt includes the effects of turbulence in the river and | ft/s).
Standard instrument uncertainty. Higher in
Error
turbulent
environment.
Boundary QC evaluates the measurement
B d environment for interference from underwater y EE)SC;I-D
oundary o :
obstacles,
Interference oo o e FAIR,
e FAIR or POOR results may indicate significant
: e POOR.
interference from an underwater obstacle.
Spikes in FlowTracker2 velocity data are removed
_ using a spike filter, Typically < 5% of
Velo_ﬁlty  Some spikes are common and no cause for total samples.
Spike concern, . Should be < 10%
Filtering e Too many spikes indicate a problem in the ; | |
measurement environment (e.g., interference from | Of total samples.
underwater obstacles or highly aerated water).
Angle is the direction of the measured velocity
relative to the FlowTracker2 X-axis,
Velocity : Ideally < 20°
Angle e Used for discharge measurements only, y

¢ A good site should have small velocity angles,
e Large angles may be unavoidable at some sites.
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Parameter Description Expected

Angle of the wading rod relative to the vertical,
e Used for both discharge and general mode,

Tilt Angle , Ideally < 5°
g e A good measurement should have small tilt angles, y
e Large tilt angles may be unavoidable at some sites.
Station %0Q is the percentage of the total discharge in a Typical criteria:
Percent single measurement station, Ideally < 5%

Discharge |4 Most agencies have criteria for the maximum %Q. | Maximum < 10%

Station
Water Depth

Depth is the maximum percentage variation in depth | Typjcal criteria:

between adjacent stations. Maximum < 50%

. Location is the maximum percentage variation in Typical criteria:
Station : . . _

; location between adjacent stations. Maximum <
Location

100%
0.2\ 0.8 Velocity Profile evaluated against expected
Velocity | velocity distribution, Ideally: near-
Profile e Used for discharge measurements only, surface velocity >
0.2\0.8 e Suggest 0.6 depth measurement if set criteria is n Velocity
complied with.
6.1.1 Signal to Noise Ratio (SNR)

Signal to Noise Ratio (SNR) is a measure of the strength of the reflected acoustic
signal relative to the ambient noise level of the FlowTracker2. SNR is the most important
guality control data provided by the FlowTracker2.

a)

b)
c)

d)

SNR is reported in logarithmic units (dB). It is recorded with each one-second
velocity sample.

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

The FlowTracker2 can operate reliably with SNR as low as 4 dB, although the
noise in individual measurements will increase.

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

The SNR data displayed during and after a point velocity measurement and
when a station and or stations are completed in both General and Discharge
Modes are supplied in Table 6:2. Individual beam SNR data can be accessed by
exporting the raw data in either JISON or CSV format from FlowTracker2 desktop
software,

Table 6:2 — SNR Data Types

Mode Reporting Type Description

All

One second SNR data is displayed for each

' Raw Data
Graphical beam and color codes based on the beam
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Mode Reporting Type Description
number (see Table 4:4).
Moving Moving average is calc.ulated of the or_le
Average second SNR data and is graphically displayed
with the raw SNR data.
_ Instantaneous one second raw SNR data is
Real Time |Raw Data gi ) . :
isplayed with the graphical display.
The point measurement SNR is the mean of
beam 1 and 2 at the point measurement.
_ ~ | Mean Point | Receiver 3 (if installed) is not used in the mean
I\ljg;fl],\rlefno:err]]tt gﬁgsurement calculation because we assume the probe is
side-looking (either a 2D or 2D/3D probe), and
Discharge only Vx and Vy are of interest. Receiver 3,
which is only used for Vz, is irrelevant.
Review Mean Station | The station SNR is the mean of all point
Station |SNR measurements at a station.
Discharge | Mean Section| The discharge summary SNR is the mean of
Summary |SNR all the station mean SNR within the section
The point measurement SNR is the mean of
Review Point I\S/IISI?QnaItBI%%ri?]t one second SNR data for each individual
Measurement| Measurement | Peam (2 or 3 depending on probe type) at the
point measurement.
_ Mean Beam | The station SNR is the mean for each
General Review SNR at individual beam (2 or 3 depending on probe
Station | Station type) of all point measurements at a station.
The general summary SNR is the mean of all
General | \ean SNR individual beam SNRs at all point
Summary

measurements.

f) SNR is the most important quality control data provided by the FlowTracker2.
SNR is evaluated against number of quality control criteria and at the end of
each velocity point measurement, the following SNR checks are run in General
mode and Discharge mode.

i). SNR from all beams must be greater than 4 dB for reliable data collection.
i). Low SNR. If the SNR of any beam is below 4.0 dB, “Low SNR” alert will be

given at the end of point and section measurement.
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.

For 2D/3D systems, if only the SNR of Beam 3 is low, vertical velocity data

(Vz) are affected; 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.
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iif). Approach Low SNR. If the SNR is between 4 and 7 dB, “Approach Low
SNR” alert will be given at the end of point and section measurement.

iv). Beam SNRs Not Similar. When the difference between any two beams is
greater than SNR Threshold,

e This may indicate interference from an underwater obstacle or a potential
problem with the probe,

e At the first alert, repeat the measurement (perhaps after moving probe
location),

e |If the problem persists, run Beam Check to evaluate FlowTracker2
operation in more detail.

v). Large SNR Variation. When the standard deviation of the SNR of each beam
during the measurement is greater than a fixed threshold of 5 dB,

e This may indicate interference from an underwater obstacle, a highly
turbulent environment, or highly aerated water,

e At the first alert, repeat the measurement (perhaps after moving probe
location),

e If the problem persists, evaluate the measurement environment. In some
cases, large variations may be unavoidable and may not impact the quality
of velocity data.

vi). SNR Threshold Variation. When SNR for a new measurement differs from
the mean of three or more completed stations in this measurement by more
than SNR Threshold,

e This may indicate interference from an underwater obstacle or some other
dramatic change in stream conditions,

e At the first alert, repeat the measurement (perhaps after moving probe
location),

e If the problem persists, evaluate the measurement environment to look for
any potential cause for the change in SNR.

vii). SNR Threshold is checked with the completion of a point velocity
measurement and measurement section (see Timing of Warning Messages).

e User is notified of any stations that exceed the above criteria.
e |f desired, user can delete suspect stations and repeat the measurements.

g) The SNR checks are re-run (Discharge mode and General mode measurement)
to ensure the warnings are set with the most current data.
h) This criterion can be adjusted or disabled under Quality Control Settings.

SNR is primarily a function of the amount and type of particulate matter in the water.
SNR cannot be immediately converted to sediment concentration, it provides an
excellent qualitative picture of sediment fluctuations and with proper calibration, SNR
can be used to estimate sediment concentration.
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6.1.2 Velocity Standard Error

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

a)
b)

oV can be directly interpreted as the accuracy of the mean velocity.
oV is calculated by dividing the standard deviation of one-second samples by the

square root of the number of samples.

c)

oV is normally dominated by real variations in the flow and will vary depending on

the measurement environment (see Principle of Operations).

d)

The oV displayed after a point velocity measurement, station and or stations are

completed in both General and Discharge Modes are supplied in Table 6:3.

Table 6:3 — oV Data Types

Mode Reporting Type Description
Review Point| 6V Point X-component velocity standard error.
Measurement| Measurement
, M Stati The station oV is the mean of the X-
ReV|_eW ogan ation component velocity standard error from each
Discharge Station . .
point velocity measurement.
. M Secti The discharge summary cV is the mean of all
Discharge 0\</aan €Ction)| stations average X-component velocity
Summary
standard error.
. | Beam oV at | The point measurement oV for each individual
Review Point| pg; :
Measurement oint beam (2 or 3 depending on probe type) at the
Measurement| ,qint measurement.
Revi Mean Beam The station oV is the mean for each individual
eview .
General Station GV at Station begm (2 or 3 depending on pl.robe type) of all
point measurements at a station.
The general summary oV is the mean of all
General | vV : ) :
ean o stations average X-component velocity
Summary

standard error.

e) oV is evaluated against number of quality control criteria and at the end of each
velocity point measurement, the following velocity standard error checks are run
in General mode and Discharge mode.

i). The standard error threshold for each measurement is the greater of the

following,

e oV Threshold (default 0.01 m/s / 0.033 ft/s),

e If the mean oVx for three or more completed stations measurements is
greater than oV Threshold, then increment the oV Threshold by the
mean value (Mean oVx + oV Threshold),
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f)

g9)
h)

6.1.3

e If the oV Threshold is larger than 0.250m/s, then set oV Threshold equal
to 0.250m/s.

e If the mean spike filtered X-component velocity (high velocity has higher
oVXx) is larger than oV Threshold then set oV Threshold to 5% of X-
component velocity.

il). When oVx is greater than the standard error threshold for that measurement,

e This may indicate interference from an underwater obstacle, a highly
turbulent environment, or highly aerated water,

e At the first alert, repeat the measurement (perhaps after moving probe
location),

e If the problem persists, evaluate the measurement environment. In some
cases, large variations may be unavoidable (e.g., in highly turbulent
waters).

iii). oV Threshold is checked with the completion of a point velocity measurement
and measurement section (see Timing of Warning Messages).

e User is notified of any stations that exceed the above criteria.
e If desired, user can delete suspect stations and repeat the measurements.

If the point measurements X-component velocity standard error is O or if it
exceeds the updated oV Threshold then a Standard Error > QC warning is
given.

The velocity standard error checks are re-run (Discharge mode and General
mode measurement) to ensure the warnings are set with the most current data.
This criterion can be adjusted or disabled under Quality Control Settings.

Boundary Interference

The Boundary Interference quality control looks for interference from underwater
objects that are in or close to the FlowTracker2 sampling volume. The system tries to
avoid this interference, but you must be aware of system limitations.

a)

b)

The impact of underwater objects and or boundaries on the measurement is
related to the FlowTracker2 principle of operation.

i). Reflections can occur from the bottom, the water surface, or submerged
objects (e.g., rocks).

il). The FlowTracker2 measures velocity in a sampling volume 10 cm (4 in) from
the probe tip.

iii). If 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.

i). At each measurement location, the FlowTracker2 looks for these conditions,
and if necessary, adapts its operation to avoid interference.
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il). For most locations, any required changes do not affect system performance.
iii). In some environments, changes may result in a lower maximum velocity.

c) The FlowTracker2 records any changes required to avoid acoustic interference.
Bo_undary It reports this as Boundary QC. This value describes the effect (if any) of
Display boundary adjustments on performance. The Boundary QC variable (Bnd) can
have the following values (0 and 1 are the most common).

*No boundary adjustments were necessary, or if necessary,

O ( Best) they have minimal impact on system performance.

Maximum velocity is at least 3.5 m/s (11 ft/s)

eMinor boundary adjustments were necessary, with
1 (G OOd ) moderate impact on system performance. Maximum
velocity is at least 2.5 m/s (8 ft/s).

elLarger boundary adjustments were necessary, with notable

2 ( Fa | r) impact on system performance. Maximum velocity is at
least 1.2 m/s (4 ft/s).

eMajor boundary adjustments were necessary, with significant
3 ( POO r) impact on system performance. Maximum velocity is less than
1.2 m/s (4 ft/s). The FlowTracker will still provide good
performance for lower flows.

Figure 6:1 - Boundary QC Conditions

d) The Boundary Interference check looks for interference with underwater
objects that are in or close to the FlowTracker2 sampling volume. The

Boundary FlowTracker2 automatically adapts its pinging to minimize boundary interference,
Data but it can only adapt so much, and the resulting pings could still be influenced by
Evaluate the boundary. The FlowTracker2 software receives two values from the firmware

to use in determining the amount of boundary interference: velocity ambiguity
and the best single ping precision, both available in m/s.

i). If the Boundary QC results are FAIR or POOR, this indicates possible
interference, and the FlowTracker2 will issue an alert before the measurement
is made.

e User is prompted to consider moving the probe to avoid this interference.
e If the probe is moved, repeat the boundary test prior to data collection.

e If repeated Boundary QC tests do not give improved results, user can
proceed with the measurement, but should carefully evaluate velocity data.

if). The Boundary Interference is checked before a point velocity measurement
is made and if the condition is not “Best”, then the Boundary Interference
warning is given (see Timing of Warning Messages).

e) This criterion can be adjusted or disabled under Quality Control Settings.
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6.1.4

Velocity Spike Filter

The Velocity Spike Filter quality control is applied to each point velocity measurements
in both General mode and Discharge mode. 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.

a) The FlowTracker2 spike filter is a variation on a method called “Tukey’s Outlier.

f)

Just like in Tukey’s method, the data are sorted in ascending order, then divided
into 4 quartiles.

i). A histogram of each velocity component is calculated.

il). The FlowTracker2 determines the 1st Quartile (Q1) velocity value where 25%
of the samples are less than this value. The 3rd Quatrtile (Q3) is the velocity
value where 75% of the samples are smaller than this value. The Interquartile
Range (IQR) is defined as the spread between the 1st Quartile and the 3rd
Quiartile (IQR = Q3-Q1).

iii). If the IQR is less than 0.015 m/s, IQR is set to 0.015 m/s.

iv). 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.

Spikes are filtered based on all velocity components (Vx, Vy, and Vz). If any
velocity component falls outside the above limits, that sample is not used for the
mean velocity, standard deviation or velocity standard error calculation.

No other filtering or editing is done to FlowTracker2 velocity data.

The number of spikes is displayed and recorded at the end of each
measurement.

Raw, one-second velocity data are recorded with each measurement station. This
allows you to evaluate unedited velocity data for each station.

The Velocity Spike Filter is applied to each point velocity measurements in both
General mode and Discharge mode, but the filter is not attempted unless there

are at least 10 samples in a measurement. The Spike Threshold (default 10%)
is used as follows to determine the number of velocity spikes present in the data.

i). If the number of spikes is a greater percentage of the total number of points
than specified by the Spike Threshold, a warning is given.

e This may indicate interference from an underwater obstacle, a highly
turbulent environment, or highly aerated water.

e At the first alert, repeat the measurement (perhaps after moving probe
location).

e |If 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.
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il). The Spike Threshold is checked with the completion of a point velocity
measurement and measurement section (see Timing of Warning Messages).

e User is notified of any stations that exceed the above criteria.

e |If desired, user can go back and delete suspect stations and repeat the
measurements.

g) The Velocity Spike Filter is checked at the end of each point velocity
measurement and if the number of velocity spikes is larger than allowed by the Spike
Threshold, then give the High % Spikes warning.

h) The velocity spike filter check is re-run (Discharge mode and General mode
measurement) to ensure the warnings are set with the most current data.

f) This criterion can be adjusted or disabled under Quality Control Settings.

6.1.5 Velocity Angle

The Velocity Angle quality control parameter is applied to each point velocity
measurement in Discharge mode.

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

b) A good measurement site will typically show some flow variations, but with all
angles less than about 20°.

c) The ability of the FlowTracker2 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 reduces a potential source for error in velocity

measurements.
Velocity d) Velocity angle is defined as the direction of flow relative to the X direction, and is
Angle calculated as atan(Vy/Vx).

Method

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

Graduated Tag Line

Primary Flow

Y Direction
Ix __________________ = oampling

Probe Volume
Coordinate System

Mounting
Pin
Figure 6:2 — FlowTracker2 Probe Orientation Relative to Stream Flow
i). An angle of 0° means flow direction is perpendicular to the tag line (as desired
for an ideal measurement location).

iii). Only the X component of velocity (VX) is used for discharge calculations. This
ensures proper discharge measurements regardless of the flow direction.
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e) The Velocity Angle measured is evaluated to ensure reliable data collection. The
velocity angle for a point measurement is computed from the de-spiked point
measurement mean velocity components as angle = atan2(Vy, Vx). The Max
Angle criterion (default 20°) is used as follows.

Velocity
Angle
Evaluate

i). Velocity angle is checked only if velocity is greater than a fixed threshold (0.02
m/s; 0.07 ft/s).

il). When measured angle is greater than Max Angle, a warning is given.
e Evaluate the measurement site to verify the measured angle is reasonable.

e Consider repeating the measurement if the angle does not appear
reasonable (perhaps after moving probe location).

e For large velocity angles, consider moving the measurement site.

iii). The Max Angle is checked with the completion of a point velocity
measurement and measurement section (see Timing of Warning Messages).

e User is notified of any stations that exceed the above criteria.

e If desired, user can go back and delete suspect stations and repeat the
measurements.

f) The Velocity Angle is checked at the end of each point velocity measurement and
if the measurement’s mean velocity X component is at least 0.02 m/s and if the
velocity angle is larger than Max Velocity Angle, then give the Velocity Angle >
QC warning.

g) The velocity angle check is re-run (Discharge mode and General mode
measurement) to ensure the warnings are set with the most current data.

h) Max Angle is active only in Discharge data collection mode.

i) This criterion can be adjusted or disabled under Quality Control Settings.

6.1.6 Tilt Angle

The Tilt Angle quality control is applied to each point velocity measurements in both
General mode and Discharge mode

a) A good measurement will typically show variations in wading rod angle, but with
all angles less than about 5°.

Tilt b) Tilt angle is defined as the angle of the wading rod relative to the vertical.
Method
i). The tilt angle of 0° means that the wading rod is vertical.
i). The tilt angle is only an indicator and not used in any calculations

Tilt c) If the wading rod angle exceeds Max Wading Rod Angle, a warning is issued;
Evaluate you are prompted to realign the wading rod.

i). When measured angle is greater than Max Angle, a warning is given.

e Evaluate the measurement to verify the measured angle is reasonable.
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e Consider repeating the measurement if the angle does not appear
reasonable (perhaps after moving probe location).

il). The Max Wading Rod Angle is checked with the completion of a point
velocity measurement and measurement section (see Timing of Warning
Messages).

e User is notified of any point velocity measurement that exceeds the above
criteria.

e If desired, user can go back and delete suspect point velocity
measurement and repeat the measurements.

d) The tilt angle is checked at the end of every point velocity measurement and if the
wading rod angle > Max Wading Rod Angle, then give the Velocity Angle > QC
warning.

e) The tilt angle is checked at the end of a section and reports the stations where the
tilt angle exceeds Max Wading Rod Angle.

f) This criterion can be adjusted or disabled under Discharge Settings.

6.1.7 Station Percent Discharge

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

% Stn Q a) The user can set the discharge reference to either “rated” or “measured”. The
Method re;ference is used vyhen computing the discharge percent to display. When the
discharge percent is calculated,

i). The rated discharge is used only at the end of each station,
il). The measured discharge is used only at the end of a section.

% Stn Q b) If the station discharge exceeds Max Station Q percent of the rated flow, a
Evaluate warning is issued; you are prompted to consider adding another station.

i). If rated flow is entered, the discharge from each station is checked against this
rated value when the station is completed.

il). Max Station Discharge is checked at the end of each station and
measurement section (see Timing of Warning Messages).

e User is notified of any stations that exceed the Max Depth Change
criterion.

e User is prompted to verify the depth value or re-enter the depth.

c) The maximum station discharge is checked at the end of a station and if the ratio
of station discharge to rated discharge > Max Station Discharge, then give the
High Stn % Discharge warning.

d) The maximum station discharge is checked at the end of a section and reports the
stations where the percent of station discharge to total discharge exceeds Max
Station Discharge.

e) Max Station Discharge is active only in Discharge data collection mode.

f) This criterion can be adjusted or disabled under Discharge Settings.
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6.1.8

Station Water Depth

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

a)
b)

c)

d)

e)

f)
6.1.9

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.

i). If only the previous station is available, the newly entered depth is compared
to the depth from the previous station.

i). If depth data are available on both sides of this station, the newly entered
depth is compared to an interpolated depth between the two adjacent stations.

iii). Max Depth Change is checked during station configuration and at the end of
a measurement section (see Timing of Warning Messages).

e User is notified of any stations that exceed the Max Depth Change
criterion.

e User is prompted to verify the depth value or re-enter the depth.

Water depth is checked of each station and if the water depth varies from the
reference depth by a percentage larger than Max Depth Change, then give the
Water Depth Change > QC warning.

The station water depth check is re-run (only for Discharge mode) to ensure the
warnings are set with the most current data.

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

This criterion can be adjusted or disabled under Discharge Settings.

Station Location

The Max Spacing Change criterion (default 100%) is intended to avoid data entry

errors.

a)

b)

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 Spacing Change,
an alert is issued to be sure the location was not incorrectly entered. A 100%
Max Spacing Change means the new station spacing is more than two times
the previous station spacing.

i). Determine if the station location trend is expected to be increasing or
decreasing by comparing the location of the first two stations. All stations are
expected to match this trend.

i). Any time a station location is changed, the location is compared to adjacent
value(s) to see if the station is out of order.

e If the trend in location from the previous station to this station does not
match the expected trend, then give the Station Order warning.

e If the trend in location from this station to the next station does not match
the expected trend, then give the Station Order warning.
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d)

e)

f)

e 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.

iii). Any time a station location is changed, the location is compared to the starting
edge location. If the new location is outside the starting edge, a Location
Outside Edge warning is given.

iv). Max Station Change is checked during station configuration (see Timing of
Warning Messages).

e User is notified of any stations that exceed the Max Station Change
criterion.

e User is prompted to verify the location value or re-enter the location.

The expected station spacing is computed from the previous two station locations.
If the station spacing from the previous station to this location is more than Max
Spacing Change percent of the expected station spacing, then give the Stn
Spacing > QC warning. A warning will be triggered only if the station spacing is
too big (there is no warning that it is too small).

The station location check is re-run (only for Discharge mode) to ensure the
warnings are set with the most current data.

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

This criterion can be adjusted or disabled under Discharge Settings.

6.1.10 Velocity Profile 0.2\ 0.8

The Velocity Profile 0.2\ 0.8 criterion is intended to identify unusual velocity distribution
within the measurement profile.

a)

b)

For an ideal discharge measurement site, the velocity distribution in the
measurement profile should follow 1/6 power-law.

The velocity measurements performed at 0.2 time depth and 0.8 time depth are

evaluated against expected velocity profile. If any of the following conditions are
true, this indicates an unusual velocity profile, and the user is given the option to
add a third velocity measurement at 0.6 time depth.

i). The magnitude of the near-surface velocity (0.2 times depth) is less than the
magnitude of the near-bottom velocity (0.8 times depth).

il). The magnitude of the near-surface velocity (0.2 times depth) is more than two
times the magnitude of the near-bottom velocity (0.8 times depth).

iii). The near-surface velocity (0.2 times depth) and near-bottom velocity (0.8
times depth) show flow in the opposite direction.

6.2. Quality Control Warning Messages

6.2.1

Types of Warning Messages

Quality Control Warning Message is supplied when measured variable exceeds the
expected criteria of each parameter in Quality Control Parameters. The quality control
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warning messages implemented in the Quality Control process are supplied in Table 6:4.
The table layout describing the quality control warning messages consist of the following
key components,

a) Warning, the warning supplied when the parameter is exceeded,

b) Reporting, aspect of the measurement process relate to the quality control
warning message,

c) QC Criteria, quality control criteria based on SonTek default values or user

specified.
Table 6:4 - Quality Control Warning Messages
Warning Reporting | QC Criteria Description Suggested Action
Point
Low SNR Velocity Low SNR | SNR below 4 dB Improve SNR
Approach Point Approach
. SNR between 4db and 7 dB
Low SNR Velocity Low SNR : Improve SNR
Look for underwater
Beam SNRs Point SNR Difference in SNR for any 2 obstacles; repeat
Not Similar Velocity Threshold | beams is > SNR Threshold. measurement.
Check probe operation
One-second SNR data varies Lgok fcl)r underwater
. more than expected during a obstacles; repeat
Large SNR Point SNR measurement. May indicate measurement.
Variation Velocity Variation underwater interference or a Look for environmental
highly aerated environment. sources (e.g., aerated
water).
SNR SNR more than SNR Threshold Look for underwater
Point SNR different from previous obstacles or other
Threshold . R . changes in river
. Velocity Threshold | measurements; major change in =
Variation giti condition.
measurement conditions. Repeat measurement
. Look for underwater
gv >d°V Thre§holc(ij, adjus(tjed obstacles or a change
. ased on previous data an i iti
Standard Point ov measuredpvel\:)lciL:y May indicate gocongletlor;;
: . nsider r
> .
Error > QC Velocity Threshold interference or a highly turbulent turbulence levels in
environment. rnver.
Repeat measurement.
Consider re-locating
i probe and repeating
Boundary Point Boundary Bogndary QC.IS F.AIR or POOR. test.
. Indicates possible interference
Interference | Velocity Interference f d ter obstacl Measurement can
rom underwater obstacles. proceed if results are
consistent.
Spik Spike Threshold Look for underwater
>
High % Point Spike pikes pike lThresho a obsta}qles or unusual
g , percent of samples. May indicate conditions (e.g.,
Spikes Velocity Threshold -
poor measurement conditions. aerated water).
Repeat measurement.
. : .| Angle > Max Velocity Angle. Consider if measured
Velocity Point Max Velocity 9 . X I y. 9 angle is realistic.
. May only indicate non-ideal i
Angle >QC | Velocity Angle . Repeat measurement if
measurement environment. needed
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Warning Reporting | QC Criteria Description Suggested Action
> i e Consider if measured
Rod Angle Point Max Wading Angle Max. W.admg Roc.j angle is realistic.
. Angle. May indicate non-ideal .
>QC Velocity Rod Angle ¢ Repeat measurement if
measurement method.
needed.
. . %Q > Max Station Discharge.
0, . .
ngh Stn % Station Me.\x Station Station contains a large portion of | * Con_S|der adding more
Discharge Discharge . stations.
the total discharge.
Station depth differs from _ _
Water Station Max Depth | adjacent stations by more than * Ve|r|fy station depth
Depth > QC Change Max Depth Change %. This may value.
o ¢ Re-enter if needed.
indicate data entry problem.
s Max Spacing between stations has ) ) _
. . . changed by more than Max * Verify station location
Spacing > Station Spacing . . value.
Spacing Change %. This may .
QC Change N ¢ Re-enter if needed.
indicate a data entry problem.
Station Station location out of sequence e Verify station location
Order Station None or outside river edge. This may value.
indicate a data entry problem. ¢ Re-enter if needed.
Location Station location out of sequence | o verify station location
Outside Station None or outside river edge. This may value.

Edge indicate a data entry problem. ¢ Re-enter if needed.
Fractional Point Fractional Depth <1. Vel’ify ratio ° Verify fractional depth
Deoth > 1 Velocit None between measurement depth and value.

P y total depth and this should not >1 | e Re-enter if needed.

6.2.2 Timing of Warning Messages

The quality control warning messages are supplied at certain stages of the measurement
process for both the Discharge and General Modes. The timing of the quality control

warning messages are supplied in Table 6:5.

indicates General mode.

“D” indicates Discharge mode and “G”

Table 6:5 - Timing of Quality Control Warning Messages

. Station Pre Post . Post
Warning Messages Post Station .
Setup Measurement | Measurement Section

Low SNR D,G D,G
Approach Low SNR D,G D,G
Beam SNRs Not D,G D,G
Similar
Large SNR Variation D,G D,G
SNR Threshold D,G D,G
Variation
Standard Error > QC D,G D,G
Boundary Interference D,G
High % Spikes D,G D,G
Velocity Angle > QC D D
Rod Angle > QC D,G D,G
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Warning Messages station Pre Post Post Station Po?t
Setup Measurement | Measurement Section

High Stn % Discharge D D
Water Depth > QC D D
Stn Spacing > QC D
Station Order D
Location Outside Edge D
Fractional Depth > 1 D,G D,G

6.3. Beam Check

Beam Check operates by sending a pulse of sound into the water, and then plots the
signal to noise ratio of the return signal versus range for each of the FlowTracker2
receivers. This information can be evaluated to determine the effective measurement
range, to look for interference from boundaries/structures, to survey a deployment site,
or to observe the quality of the returned signal.

40
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~ N\

0 0.010.020.030.040.050.060.070.080.09 0.1 0.110.120.130.140.150.160.170.180.19 0.2 0.210.220.230.240.250.260.270.280.29 0.3 0.310.320.330.340.350.360.370.380.39 0.4 0.410.420.430.440.450.460.470.480.49 0.5
Range (m)

Figure 6:3 - Beam Check

6.3.1 Beam Check Overview

The FlowTracker2 transmits a pulse of sound, it then receives the return signal to noise
ratio for each of the 2 (or 3) receivers as a function of time following the transmit pulse.
Features in the signal to noise ratio profile verify different aspects of system
performance,

a) The horizontal axis indicates the range from the FlowTracker2 probe (in m).

b) The vertical axis is in signal to noise ratio units called SNR (in dB).

c) Ringing from the transmit pulse appears on the left side of the graph.

d) The location of the sampling volume is indicated by increased signal to noise ratio
in a bell-shaped curve,

i). The sampling volume curve corresponds to the transmit pulse passing through
the focal point of the receivers,
il). The peak of this curve corresponds to the center of the sampling volume,
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iii). The location of the sampling volume varies from probe to probe, but is typically
10-12 cm,

iv). 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.

e) A sharp spike indicates a boundary reflection (if a boundary is within range),

i). If the probe is close to a boundary, a sharp reflection should be seen,

i). The size and shape of this reflection will vary depending on the nature of the
boundary, its distance from the FlowTracker2 and the acoustic conditions of
the water,

iii). We can estimate the distance from the probe to the boundary by the location
of the boundary reflection.

f) After the boundary reflection, the signal to noise ratio flattens out in the region
where there is no reflected signal from the water,

i). Signal to noise ratio decreases to the electronic noise level past the boundary
and is typically about 30-70 counts,

i). 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.

g) When using Beam Check, it is important to understand that the output plot will
vary considerably because of the nature of acoustic scattering,

i). The shape and height of the return signal, particularly the bell curve for the
sampling volume, will show considerable variation between updates,

il). Each of the items described above should be visible (Figure 6:1),

iii). 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 to noise ratio.

iv). If the Beam Check output differs significantly from the sample shown here,
refer to Diagnosing Measurements with Beam Check for more details about
interpreting this data.

6.3.2 Beam Check Features

e Sample - Indicates the number of the transmitted pulse that is currently being
displayed on the graph and in the tabular data boxes. If real-time or previously
recorded (archived) data is being displayed, only the current sample number is
displayed.

e Sample Averaged - When Averaging has been selected, this box indicates the
number of samples that have been averaged together for the currently displayed
graph and tabular data.

¢ Noise Level - Shows the electronics noise level for the receiver of each beam. This
value is determined by the signal to noise ratio when the instrument is not receiving
any return reflections from the water. This value should match the signal to noise
ratio for the flat portion of the graph. The noise level is displayed in SNR.
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e Peak Position - This is the location of the center of the peak for the sampling
volume for each of the receivers. The position of the peak should be about the same
for each receiver.

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

e Graph Range (X-axis) - The graph itself shows a plot of the signal to noise ratio for
each beam as a function of range following the transmit pulse. The range portion is
shown along the graph’s X-axis and the value can be shown in centimeters, meters,
etc.

e Graph SNR (Y-axis) - The graph itself shows a plot of the signal to noise ratio (SNR)
for each beam as a function of range following the transmit pulse. The SNR portion
is shown along the graph’s Y-axis and the value is shown in SNR.

6.3.3 Beam Check Operation

Beam Check can be performed in either a small tank, bucket of water or measurement
section in canal or river such that the probe is submerged and there is a boundary
(surface, side, or bottom) within view.

a) Hold the FlowTracker2 that the boundary is located approximately 20-30 cm (8-12
in) from the probe.

b) User 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.

c) To perform a Beam Check,

1). Use the down scroll arrow keys to select Utilities on the main menu,

i1). Use the down scroll arrow keys to select Beam Check on the Utilities menu.
d) To record or stop recoding of Beam Check,

ii). Press the Right Soft Key,
e) To navigate to Utilities menu,

if). Press the Left Soft Key.

6.3.4 Diagnosing Measurements with Beam Check

Beam Check function can be used to detect measurement conditions and or hardware
related issues that can affect the measurement accuracy and precision.

6.3.4.1 Low Scattering Strength

Lack of scattering material in the water normally encountered during measurements at
springs or under ice will result in a small or non-existing sampling volume peak (see
Figure 6:4). In cases where there is not sufficient backscatter, place a small amount of
seeding material in the water to act as scattering material (see Seeding).
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Figure 6:4 - Low Scattering Strength

6.3.4.2 Strong Scattering Strength

Most river systems and or irrigation canals have sufficient scattering material in the water
and will result in a well-defined sampling volume peak (see Figure 6:5).
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Figure 6:5 - Strong Scattering Strength

6.3.4.3 Boundary Detected within Beam Check

When a boundary is within 50cm from the FlowTracker2 transducer, the boundary will be
detected by FlowTracker2 when performing a Beam Check (see Figure 6:6). The
boundary was detected about 40cm away from the transducer
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Figure 6:6 - Boundary Detected - 40cm
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The Beam Check supplied in Figure 6:7 indicates that boundary was detected at 30cm
away from the transducer.
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Figure 6:7 - Boundary Detected - 30cm

The Beam Check supplied in Figure 6:8 indicates that boundary was detected at 30cm
away from the transducer.
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Figure 6:8 - Boundary Detected - 20cm

Boundary that is located within 27cm from the FlowTracker2 transducer can affect the
accuracy and precision of velocity measurement. It is recommended when working
close to boundaries to determine the location of the boundary in relation to the
transducer and sampling volume. This can be achieved by performing a manual Beam

Check or Automated Beam Check.

6.3.4.4 Boundary in Sampling Volume

Boundary in Sampling Volume occurs when the boundary is located at the same position
from the transducer than the sampling volume. There are number of unique features
shown in Figure 6:9 that can be used to identify if boundary is located within the
sampling volume.

a) The SNR of the peak located at the sampling volume is two to three times higher

than previous measurements performed.
b) Three peaks are displayed in the Beam Check, spaced at equal distances.
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c) The SNR of each peak reduces as distance increase form the transducer
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Figure 6:9 - Boundary within Sampling Volume
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Section 7. Measurement Process

The Measurement Process involved for performing field measurements using a
FlowTracker2 instrument consists of number of components. It is important for both the
novice and experienced user that each of the components is followed to ensure that the
data collected during the measurement process is within acceptable standards and
quality. The main components that is the basis of the overall measurement process are
the following,

e Office Procedures,

e Measurement Site Information,

e Pre Measurement Diagnostics,

e Measurement Procedure,

e Post Measurement Requirements.

Components within the Measurement Process should not be neglected due to lack of
operational experience, time or workload as this will compromise the data quality and
accuracy.

7.1. Office Procedures

The Office Procedures lists the steps that need to be performed to confirm the condition
and operation of the equipment and accessories before departure for field
measurements.

The verification of instruments and accessories before leaving the office is normally
neglected. It is highly recommended that instrumentation are inspected and tested
before each field measurement exercise.

7.1.1 Equipment List

Equipment List is an essential part in the planning and preparation stages of a field
measurement exercise. It is recommended that a comprehensive list is designed based
on user and or organizational requirements as this will ensure that all equipment is
prepared and packed before departing from the office. The equipment required for field
measurements are categorized under FlowTracker2 Instrument and user defined
measurement gear.

a) The FlowTracker2 Instrument and related accessories is detailed under
FlowTracker2 Case section. A reference sheet of the contents is supplied within
the FlowTracker2 carry case.

b) The user defined measurement gear is a list of items required in addition to the
FlowTracker2 Instrument to perform a field measurement.

c) Recommended measurement equipment list containing FlowTracker2 instrument,
measurement gear, safety gear and reference instruments are supplied in
Appendix D.
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The safety gear listed in Appendix D is only a recommendation. It is imperative that the
user follow their respective organization and or local authority guidelines in the use of
safety gear during field measurements.

7.1.2 Hardware Inspection

Hardware Inspection can identify any damage to the hardware components that
occurred during previous application. Itis recommended that the hardware checks listed
in Table 7:1 are performed before departure from the office. Any instrument problems
experienced as a result of the damage can be resolved by exchanging the hardware
components or using a different FlowTracker2 instrument.

The FlowTracker2 probe or handheld can be exchanged with another instrument if
required. The software registers the serial number of probe and handheld with each
point velocity measurement.

Table 7:1 - Hardware Inspection

Component Inspection

e Inspect the handheld for any external damage to the housing, LCD screen
and keypad,

Handheld e Battery cap and O-ring,

e Connectors of battery cartridge,

o USB port.

e Mounting between receiver arms and probe body,
Probe e Scratched transducer face,
e Dented or bent probe stem.

¢ Kinks or dents in probe cable,

Probe Cable | | Damaged or bent pins on probe cable connector.

¢ Bent top setting rod,
e Bent S bracket or screw.

Top Setting Rod

7.1.3 Office Diagnostic

Office Diagnostic is a basic verification process of the FlowTracker2 to confirm that the
instrument is operational before departure from the office. The diagnostic tests consist
of the evaluation of a number of functions to verify the internal operations and probe
performance of the FlowTracker2.

a) The functions that are evaluated during diagnostic test process are located under
the Utilities menu.

b) The diagnostic test process is mainly categorized under Internal Systems, Raw
Data and Beam Check functions.

i). Internal System functions comprise of internal clock, recorder, battery and
GPS data. These functions can be verified manually by evaluating the
information displayed or using external reference if required.

il). Raw data function includes Velocity, SNR, Temperature, Battery and Tilt data
that is graphically displayed. These functions can be verified by manually
interpreting the information displayed or against a reference instrument.
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The velocity data displayed under Raw Data for the Office Diagnostic tests should be
ignored as the data is not based on actual measurements conditions.

iif). Beam Check function is performed to verify the FlowTracker2 probe
performance. The procedure for performing a Beam Check must be followed
as stipulated in Beam Check Operation.

c) To verify the GPS Data functions place the FlowTracker2 handheld outside in an
open area with a clear view of the sky. The accuracy of the GPS data is directly
related to the number of satellites and HDOP value.

d) To verify the Raw Data and Beam Check functions place the FlowTracker2 probe
in a bucket of water (see Beam Check Operation).

e) The variables that are evaluated during the diagnostic tests are listed in Table 7:2.

Table 7:2 - Office Diaghostics

Function Variable Verification
e Date e System Clock function show the current internal time of
System e Time the FlowTracker2 instrument,
Clock e UTM Offset e Verify if the internal system clock date and time is
correctly set and adjust if required.
o Memory Available | ¢ The Recorder function indicates the percentage of
available memory,
o If the available memory is insufficient download all
Recorder measurement files. Ensure that all measurement files

downloaded are stored in a secure area,
e Format Recorder or delete Data Files to increase
available memory.

Battery Data

o Battery Type
e Percentage Full

¢ Battery Data function display the type of battery, voltage
and percentage full,
o Make sure the correct battery type is selected.

e Latitude e The GPS Data function displays the GPS information
e Longitude from the internal GPS,
GPS Data | e Altitude e Compare GPS data supplied with external reference
e Date such as Survey Bench Mark, handheld GPS or mobile
e Time device equipped with GPS.
¢ Velocity e The Raw Data function display raw data for each
Raw Data ¢ SNR variable,
: e Temperature e Evaluate each variable data that are graphically
Display o Tilt displayed or compare against a reference instrument in
« Battery Indicator the case of temperature measurements,
Automated | e Peak Level ¢ The Automated Beam Check and Beam Check
Beam Check | ® Peak Position functions serve two purposes, verifying the probe

Beam Check

e Peak Location

performance and measurement conditions,
¢ Evaluate the Quality Control reports supplied during the
test.
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7.2. Measurement Site Information

Measurement Site Information or normally referred as “Metadata” should be
documented before any measurements are performed with the FlowTracker2 instrument.
In most organizations FlowTracker2 measurements are related to a measurement site
and secondary data sets and it's essential that the information collected is accurate. The
measurement site information that should be collected during a field measurement
exercise is listed in Table 7:3.

Unique entry fields were developed in the FlowTracker2 software for the measurement
site information defined in this section. The dedicated fields ensure that information is
captured correctly and assigned to respective variables, which promote good data

management practices.

Table 7:3 — Measure Site Information

Variable Description Unique Field

Site Number Site number allocated to measurement site. Most File Properties
organizations use a unigue number system (e.g.
associated with catchment).

Site Name Site name allocated for measuring site. Most File Properties
organizations use a unique naming convention (e.g.
combination of river and place name).

Operator Operator that performed the measurement File Properties

Start Date and
Time

Start date and time of measurement.

Internally recorded

End Date and
Time

End date and time of measurement.

Internally Recorded

Start Staff

Staff gauge reading taken before a FlowTracker2

Supplemental

Gauge measurement is performed. Data

Readings

End Staff Staff gauge reading taken after a FlowTracker2 Supplemental
Gauge measurement is completed. Data

Readings

GPS Position GPS position of start and end location of measurement Internally Recorded
Photographs Photographs of the measurement section, upstream None

conditions and downstream conditions are essential for
identifying possible influences on the field measurements.

Organizations that make use of hydrological databases, unique monitoring site
identifiers and import routines, would find the Site Number very useful to automatically

link the data to a specific monitoring site during the import process.

7.3. Pre Measurement Diagnostics

Pre Measurement Diagnostics is an essential step in the measurement process to
ensure accurate and consistent measurement results. The functions evaluated in pre
measurement diagnostics are the same as discussed in Office Diagnostics.
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a) The functions that are evaluated during diagnostic test process are located under
the Utilities menu.

b) The functions that are of key importance during the pre-measurement diagnostic
tests are System Clock, Velocity Data, SNR Data and Beam Check functions.

c) Itis recommended that Pre Measurement Diagnostics should be performed
before each measurement is started.

d) To verify the Internal System, Raw Data and Beam Check functions place the
FlowTracker2 probe in moving water well away from any underwater obstacles in
the region of the measurement section.

e) The variables that are evaluated during the diagnostic tests are listed in Table 7:4.

Table 7:4 - Pre Measurement Diagnostics

Function Verification
o Verify if the internal system clock date and time is correctly set and adjust if
required.
System o All data sets recorded during a FlowTracker2 measurement receive a date
Clock and time stamp,
e Date and Time is essential Metadata in the processing and application of
measurement results.
¢ Verify if the available memory is sufficient for performing a measurement,
Recorder e Insufficient memory on the recorder could affect the measurement operation

and or recording of measurement file.

Battery Data

o Evaluate the battery voltage and capacity based on the battery type selected,
o Insufficient power supply could affect the measurement operation.

GPS Data

e Evaluate the GPS information received, with the focus on number of satellites,
and HDOP values. This will indicate the level of accuracy of the GPS
measurement.

Raw Data
Display

¢ The raw data displayed of all variables is updated once per second.

¢ Velocity, data should appear reasonable for the environment (short term
variations are expected and are most likely real).

¢ SNR, data should ideally be above 10 (units are dB), but measurements can
be made as low as 3-4 dB.

e Temperature, data should reasonable to the environment. Temperature data
is used for sound speed calculations and can affect velocity data (see
Principle of Operations).

Automated
Beam Check

Beam Check

¢ Place the probe in moving water well away from any underwater obstacles;
follow the on screen instructions for the test. Perform Beam Check
measurement as described in Beam Check Operation.

e Automated Beam Check, review of Automated Beam Check results see
Automated Beam Check,

e Beam Check, review of Beam Check results see Beam Check.

7.4. Measurement Procedure

Basic outline of the Measurement Procedure required to perform a Discharge
measurement with a FlowTracker2 instrument is supplied in the following section. The
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measurement procedure is based on wading principles, which is suited for low to
medium flow conditions depending on water velocity and depth.

a)

b)

f)

9)

h)

)

k)

Collect and verify Measurement Site Information before discharge measurement
commences as stipulated under Measurement Site Information.

Select the measurement site based on the criteria stipulated under Site Selection
Requirements. Site and flow conditions does change over time and it is
recommend that existing measurement site is evaluated during each field
measurement exercise.

It is recommended for new measurement sites that the user perform spot checks
across the section at certain locations to get an estimation of the velocity range,
water depth and channel geometry.

Perform Pre Measurement Diagnostic tests in the region of the proposed
measurement section. Place the probe in moving water well away from any
underwater obstacles.

A graduated tagline or measuring tape should be spanned across the
measurement section to determine the station location. The graduated tagline or
measuring tape should be perpendicular to the main flow direction and channel
orientation.

Staff gauge readings with time should be taken at the start the discharge
measurement. If the discharge measurement is over extended period or at a
measurement site with rapid changing stage, intermediate readings should be
taken.

Enter Rated discharge (if applicable) of measurement site to calculate percentage
flow of each panel.

Divide the measurement section into a minimum of 23 stations (for sections >5m).
The number of stations required is dependent on the measurement section width
(see ISO 748 — 2007, Hydrometry - Measurement of liquid flow in open channels
using current meters or floats for recommendation of number of stations). The
flow per panel should not exceed 10% of the total flow, with 5% as the ideal
distribution.

The water depth at each station is measured using a top setting or universal rod.
A staff gauge board can also be used to determine the water depth at the location
of the station or sampling volume of the FlowTracker2.

The averaging time interval for data collection normally varies between 40 to 60
seconds for velocity measurements depending on flow conditions.

Determining Mean Station Velocity method for each station. The software
suggests either a six-tenths or two-point method depending on the threshold in
0.6 Method Depth and the measured water depth. The minimum distance
between the channel bed and water surface and instrument must be within the
instrument specifications.
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1)

The FlowTracker2 must be perpendicular to the graduated tagline or measuring
tape that was setup across the measurement section.

Graduated Tag Line

Primary Flow

Y Direction
L( ________________ s usampling

Probe \Volume
Coordinate System

Figure 7:1 - FlowTracker2 Pr@e Orientation Relative to Stream Flow

m) Keep the FlowTracker2 probe free of plant material at all times as this can impact

n)

0)
P)

Q)

the velocity measurements significantly.

Continuously evaluate the measurement results with measurements performed at
previous stations. The variation in measurement results should reflect the flow
conditions at the measurement site.

Review the instrument configuration during the measurement, especially the
guality control parameters and adjust if required.

Automated Beam Check can be performed during any stage of the measurement
to verify the probe performance and measurement conditions.

Comments can be entered at each station or at the end of the discharge
measurement to describe the flow conditions or any influences that may impact
the measurement quality.

Staff gauge reading with time should be taken at the end of the discharge
measurement.

7.5. Post Measurement Requirements

Post Measurement Requirements consists of number of tasks that need to be
performed when a field measurement is completed. The tasks that forms the framework
of the post measurement requirements are grouped under the following main categories,

7.5.1

Review of Measurement Site Information,
Review Measurement Summary
Data Management,

Storage.

Review of Measurement Site Information

Review of Measurement Site Information before departure from the measurement site
is important to ensure that all associated Metadata is accurate. Itis recommended that
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the user verify each variable populated during the measurement process with the main
focus on the measurement site reference.

It is not good data management practice to leave both measurement site references
empty or with abbreviate terms. It is recommended that the user makes use of
accurate site descriptions.

7.5.2 Review Measurement Summary

Review Measurement Summary is the evaluation of the measurement results and if the
results are expected from the flow conditions present at the measurement site. There
are a number of variables that can be evaluated after the measurement is completed and
it is recommended that the following process is followed during the evaluation.

The evaluation of measurement results should be performed during the measurement
and the review of measurement summary is just an overview of what was already
identified during a measurement. It is recommended to repeat a point velocity or
station measurement if any of the data collected during a measurement are not
consistent with the flow conditions present.

a) Point velocity measurements with regard to mean velocity, standard error and
guality control reports correspond within a station measurement and adjacent
stations.

b) Station measurements with regard to location, depth, mean velocity and panel
discharge correspond to adjacent stations and what is expected from the flow
conditions.

c) The total width based on station locations does that correspond with the actual
width of the measurement section.

d) The total discharge, area and mean velocity measured is within the expected flow
conditions.

e) Review measurement results against historical measurements performed at the
measurement site during similar flow conditions and or staff gauge readings (if
available).

f) Review total discharge measured against discharge reading from developed
Stage - Discharge Relationship (if available). Most organizations use a 5% error
band to determine if the measurement results are within the required
measurement standards.

The review process is a key component of overall data quality and it is recommended
that this process be completed in the field directly after the measurement. Most
organizations supply their hydrographers or hydrologists a copy of hydrological
database or other data formats to perform this process in the field.

7.5.3 Data Management

Data Management consists of the process involved in managing the information
collected during field measurements. The steps required to ensure data continuity and
safe keeping after field measurements are completed are the following.
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a)

b)

c)

Download measurement files after measurements are completed at the
measurement site or by the end of the work day using the FlowTracker2 desktop
software. The files types created during a measurement are dependent if a
measurement and or Beam Check tests were performed. For more information
on file types see Table 4:2.

Create a secondary backup of the measurement files at the end of each workday
by copying the files to an external USB drive. The USB drive should be stored
separately from the PC or Tablet.

Photographs taken with Camera or Phone during the field measurements should
also be downloaded and stored on an external USB drive.

The internal recorder of the FlowTracker2 handheld should not be used as the main
storage device for safe keeping of measurement files. It is good data management
practice to download the measurement files at least once per day.

7.5.4

Storage

Storage guidelines of FlowTracker2 instrument and accessories are essential to ensure
the safe keeping of the instrument during transport or storage at the office. The
FlowTracker2 instrument is supplied in a pelican case with foam inserts, designed to
house each individual component. The recommend guidelines for packing of instrument
in the pelican case are the following,

a)
b)

c)

d)

Place each component of the FlowTracker2 and accessories in the designated
foam inserts.

The probe cable must be disconnected form the handheld before it is placed in
the foam inserts.

The probe cable should be coiled in such a manner that it fits into the designated
insert. Care should be taken that the cable is not kinked or the pelican case lid is
pressing on the cable.

Battery cartridge should be removed from the handheld by the end of each
workday. In the case where the FlowTracker2 instrument is not used, it is
recommended that the batteries are removed from the pelican case.

Batteries should not be left in the FlowTracker2 handheld for prolonged periods as
damage can occur to the handheld if the batteries are leaking. It is recommended that
batteries are removed from the handheld if the instrument is not used.
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Section 8. Discharge Measurement

Discharge Measurement is the measurement technique involved in collecting data for
discharge calculation based on the Discharge Mode (see Data Collection Modes). The
data collection framework for discharge measurement is a well-designed workflow (see
Software Flow Diagram) between setting up of measurements parameters, creating a
measurement section, the collection of raw data and generating individual station and
measurement section reports. The discharge data collection process consists of the
following main components, with discussions of each component.

e Create Measurement,
e Automated Beam Check,
e Data Collection,

e Discharge Summary.

8.1. Create Measurement

Creating a new measurement consist of number of steps before the data collection can
be performed. The first step involved is to either select an existing Configuration
Template or create a new template with user defined configuration parameters. The
template then needs to be associated with a measurement file that is created by the
user. When the measurement file is created, the software is ready for data collection.

8.1.1 Measurement

The Measurement function enables the user to create a new measurement in either
Discharge or General mode. The Discharge mode used for the collection of discharge
data during field measurements will be focused on in this section.

a) The Measurement function can be accessed 01:05 FlowTracker2 100% (il
from the Main Menu on the bottom banner,

. 4k Device Configuration
b) To select the Measurement function, _

i). Press the Right Soft Key. A Utilities

c) The software will Navigate to the New File Type or & Communication
Mode screen.

i System Information

[& Data Files B Measurement

Figure 8:1 - Main Menu

8.1.2 New File Type

The New File Type function enables the user to determine if the new measurement file
should be based on either Discharge or General mode.
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The New File Type screen consists of the following 13:34 New File Type 100% il
options,

@) Discharge,

b) General, © General

c) To select discharge mode,
i). Use up or down scroll arrows keys to select
Discharge and press enter key.

d) The software will Navigate to the New File

Template screen. Figure 8:2 - New File Type

e) To navigate to Home menu,
i). Press the Left Soft Key.

8.1.3 New File Template

New File Template function enables the user to create a new configuration template
based on SonTek default settings or select an existing Configuration Template created
by the user. The configuration template is based on user defined parameters that are
dependent on measurement site details, flow conditions and organizational
requirements. The configuration template selected will be assigned to the measurement
file and the parameters defined in the template will be applied during the Discharge
measurement.

The New File Template screen consists of the 14:05 New File Template 100% i)
following options,

a) (default), the template will be based on

SonTek default settings. OB Rver

b) Configuration Templates, created under
“Device Configuration”. A list of available
templates created by the user will be displayed
under the “(default)” option.

c) To select a template, 4 File Type
i). Use up or down scroll arrows keys to select Figure 8:3 - New File Template
template and press enter key.

d) The software will navigate to the New Data File
screen.

e) To navigate to File Type menu,
i). Press the Left Soft Key.

8.1.4 New Data File

New Data File function enables the user to populate the measurement site and operator
details. The information entered for each parameter should be accurate as this
information is recorded in each measurement file and used in both the File Naming and
Folder Naming conventions.
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e Existing templates created under “Device Configuration”, parameters will be
prepopulated from File Properties information that was captured,

e Templates based on SonTek default configuration will have no information
populated and the user will need to enter the required details for each parameter.

It is not good data management practice for both measurement site references to be
empty or with abbreviate terms. It is recommended that the user makes use of
accurate site descriptions.

The New Data File screen consists of the following 14:34 New Data File 100% (i
parameters,

a) Site Number, Site Number | D1H009 |

b) Slte Name, Site Name Orange River

c) Operator,

d) Comment. Operator Daniel Wagenaar

e) To select a parameter, Comment

i). Use up or down scroll arrows keys to select a
parameter. s OK

Figure 8:4 - New Data File

f) To accept the new data file configuration,
i). Press the Right Soft Key,
ii). The software will navigate to Automated Beam
Check screen.

g) To CANCEL new data file configuration,
1). Press the Left Soft Key,
ii). The software will return to New File Template.

8.2. Automated Beam Check

The Automated Beam Check function allows the user to perform a Beam Check in the
region of the measurement section before data collection starts. The automated beam
check perform a number of quality control checks on the data collected to determine if
the flow conditions are suitable for discharge measurements. The Automated Beam
Check is an automated version of Beam Check function described in Beam Check.

Automated Beam Check can be performed during any stage of the data collection
process. The Automated Beam Check functions are available before data collection
start and during the discharge measurement from the “Data Collection Menu” (see Data
Collection Screen).

8.2.1 Start Automated Beam Check

The FlowTracker2 probe should be placed in the region of the measurement section in
moving water such that the probe is submerged and well away from any underwater
obstacles. The FlowTracker2 collects data for about 20 seconds.

FlowTracker2 User’'s Manual (February 2016) 109



SonTek — a Xylem brand

|

The Automated Beam check screen shows the e S

steps involved in performing an automated beam
check.

a) To start the automated beam check,
1). Press the Right Soft Key.

b) To CANCEL automated beam check,
1). Press the Left Soft Key,
il). The software will navigate to Data Collection
window.

Press 'Start' to begin

Figure 8:5 - Automated Beam

c) To accept Automated Beam Check, Check

1). Press the Right Soft Key,
ii). The software will navigate to the Data
Collection window.

8.2.2 Evaluate Beam Check Results

The automated beam check quality control criteria used in the evaluation of the beam
check data are listed in Table 8:1,

Table 8:1 - Automated Beam Check Quality Control Criteria

Quality Control Criteria QC Warning Graphic Display

Automated BeamCheck

e Measured electronics noise -
level is compared to reference o ool
data. Any significant deviation
causes a warning,

e A large change in noise level
may indicate damage to the
probe.

83% i

Noise Level >

QC

Noise Level

Restart

e The SNR is checked as
sufficient for reliable data
collection,

e Each beam SNR is compared
to be sure all beams perform
equally,

e A warning is issued for low
SNR <4 dB,

e A warning is issued for 4 dB >
SNR <7dB,

o Beam SNR values differ.

Automated BeamCheck

SNR - All (dB)

SNR SNR

Restart

Automated BeamCheck

Peak Level

e The shape of the sampling
volume curve is compared to
the expected shape. Any
significant deviation causes a
warning,

e This criterion can only be
checked with sufficient SNR
(> 7 dB).

s

Peak Level - All (dB)

Peak Level > B

QC
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Quality Control Criteria QC Warning Graphic Display

e The physical location of the Automated BeamCheck
sampling volume is compared Peak Position - All 1
to the expected location. Any Peak

Peak Location significant deviation causes a Location >

warning.

e This criterion can only be QC
checked for sufficient SNR (>
7 dB).

a) If any warnings are issued, the warnings will be displayed at the bottom of the
graphics. The user have the option to repeat the test if warnings are issued.

i). We recommend repeating the test at least once, after you verify that the probe
and sampling volume are well away from any underwater obstacles,

ii). If multiple warnings are received, run manual Beam Check to evaluate
FlowTracker2 performance in more detalil.

b) The display options for individual or all beam check data are listed in Table 8:2.
The shortcut key on the keypad determines which beam SNR will be displayed,

Table 8:2 - Automated Beam Check Display

Beam Line Color Keypad Key
Beaml Red 1
Beam?2 Blue 2
Beam3 Green 3

All Beams All 4

c) To select a Quality Control Criteria,
i). Use up or down scroll arrows keys to view quality control criteria.

8.3. Data Collection

Data Collection function for Discharge mode is the process involved in collecting data
during a discharge measurement. The data collection process is a systematic workflow
designed to follow the actual measurement process in the field. The process consist of
the following main components that also describes each individual aspect of the field
measurement,

e Data Collection Window,
e Station Types,
e Station Measurement,

e Data Collection Menu.
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8.3.1 Data Collection Window

The Data Collection Window can be defined as the “control center” of the data
collection process during a discharge measurement. All the software functions required
to perform a discharge measurement is available from the data collection screen. The
key features of the data collection window are explained in Figure 8:6.

Maximum
station depth

Maximum %
station discharge

21:28 Data Collection |

Depth: 2 ft Disch Max %Q: 11 % : .
Edge on left P eharge ax %Q Point velocity

bank | measurement

Completed ore completed

Station stations

Station Depth Station is selected
3 4 5 6

Station Location
(m or ft)

Velocity X
Component plots

——

B Add Station
Figure 8:6 - Data Collection Window

The operations and functions available of the Data Collection Window will be discussed
throughout this section with the main functions described in Figure 8:7.

Data Collection Window screen of the consists of 1:38 Data Collection
the following,
a) Station Management area defined in
b) Add Station,
c) Data Collection Menu (Menu). No stations

d) To add a station,
1). Press the Left Soft Key.

e) To select the data collection menu,
i). Press the Right Soft Key,

Discharge

B Add Station = Menu

ii). The software will display a popup menu screen.  Figure 8:7 - Functions Data
Collection Window

8.3.1.1 Add Station

The Add Station function allows the user to add a station to the measurement section
based on the station types defined for Discharge Measurement technique. The
parameters required for creating a station is defined by the station type as discussed
under Station Types. There are several common parameters that are applicable to all
station types of which are listed below.
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Add Station screen consist of the following common ¥ Add Station 100% i
parameters that are required for all station types,
a) Location, Location (m) [ [
b) Depth, Depth (m)
c) Station Type,
d) Correction Factor, Station Type

e) Comment.
The standard functions available for each station
type are, Cancel

f) Add Gauge Height, Figure 8:8 - Add Station
g) Record GPS Location (function availability, see
GPS Station Tagging).

h) To add a station or start velocity measurement,
1). Press the Right Soft Key.

i) To CANCEL add station,
i). Press the Left Soft Key.

Correction Factor

8.3.1.2 Delete Station

Deleting a station is performed from the Data Collection Window by selecting the
station within the viewable window.

The station delete process is not reversible and the user must ensure that the correct
station is selected. Selected station will be highlighted with a yellow background.

Delete Station is performed from the Data 20:45 Data Collection 100% (i)
Collection Window. Up to ten completed stations
will be displayed at any time,

a) To select a station,
1). Use the left or right arrow key to scroll through
234 H

Depth: 1.6 m Discharge Max %Q: 35 %

o]
o]
4.72

the completed stations,

b) To DELETE a station, 0 115 53 472
i). Press the backspace key.
ii). The software will navigate to the Confirmation B Add station = L
screen. Figure 8:9 - Select Station
Confirmation screen requests confirmation of 2058 Confirmation 100% il

deleting the selected station by the FlowTracker2
handheld software.

Do you want to delete the selected station?

a) To confirm station delete,
1). Press the Right Soft Key,

b) To CANCEL station delete,
i). Press the Left Soft Key,

c) The software will navigate to the Data Collection .
Window. Figure 8:10 - Confirm Delete

Cancel OK
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8.3.1.3 Edit Station

Editing station parameters is performed from the Data Collection Window by selecting
the station within the viewable window. The station editing process allows the user to
change all the parameters original configured when the station was created from the
“Add Station” screen.

Editing should not be performed on the Velocity Method after extended time has
passed since the initial point velocity measurements were performed. The flow
conditions could change during the lapsed time and additional point velocity
measurements will not be representative. It's recommended that all the station
measurements be repeated if additional measurements are required.

20:45 Data Collection 100% Il

Open Station is performed from the Data Collection
Window. Up to ten completed stations will be

displayed at any time,
a) To select a station,
1). Use the left or right arrow key to scroll through
234 H

Depth: 1.6 m Discharge Max %Q: 35 %

o]
o]
4.72

53 4.72

the completed stations, 0 115

b) To open a station,
i). Press the enter key.

B Add Station = Menu

. . . . Figure 8:11 - Open Station
c) The software will navigate to the Review Station : P

screen.
20:47 Review Station 100% il
Review Station screen display summary of the :
: : . 2.34
selected station. The review station allows the user | e
to review the measurement results before editing is Depth 1125 m
performed. Type Open Water
] Method 0.6
a) To EDIT station, Corr.Factor 1
i). Press the Left Soft Key. Commenk
Warning 1 Water Depth > QC

Bl

b) To close review station or CANCEL edit station, —
Edit Station Close

1). Press the Right Soft Key.

Figure 8:12 - Review Station

Edit Station 100% [i|

Edit Station screen allows the user to change
parameters during the original configuration. The Location {m) | 234 |
“Edit Station” screen is similar to the “Add Station”
screen.

Depth (m)

Station Type

a) To confirm edit station,
i). Press the Right Soft Key. Velochy Method ]
\pusn for opuons

b) To CANCEL edit station,
1). Press the Left Soft Key.

Cancel Measure

Figure 8:13 - Edit Station
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18:02 Confirmation 100% i

Confirmation screen request confirmation of

discarding all incompatible point velocity e e
measurements by the FlowTracker2 handheld collected will be lost
software.

a) To confirm discarding incompatible point velocity
measurements,
1). Press the Right Soft Key.

b) The software will navigate to the Data Collection )
Window. Figure 8:14 - Confirmation
Discarding Measurements

c) To CANCEL incompatible point velocity
measurements delete,
1). Press the Left Soft Key.

When changes are made to the Velocity Method and Station Type, existing point
velocity measurements will be lost if the velocity method is incompatible with the
proposed selection.

Some scenarios of velocity measurements that could be affected if changes are made to
the Velocity Method and or Station Type are listed in Table 8:3.

Table 8:3 - Incompatible Velocity Methods and Station Types

Configuration o
Parameter — Compatibility Result
Initial Proposed

. 0.6 Measurement will be discarded. The
Velocity Method 0.6 02708 0.2/ 0.8 measurements must be performed.

0.6 Measurement will remain. The 0.2/0.8

Velocity Method 0.6 0.2/06/08 measurements must be performed.

0.2 / 0.8 Measurements will be discarded.

Velocity Method 02708 0.6 The 0.6 measurement must be performed.

All velocity measurements will be
Station Type Open water Edge discarded. Edge station type is assigned a
“none” velocity method.

The deleting of incompatible point velocity measurements is not reversible and the user
must be certain of the decision in changing the Velocity Method and or Station Type.

8.3.2 Station Types

The Station Types developed for the Discharge Measurement technique provides
practical solutions for the different measurement scenarios that exists during field
measurements. There are several common parameters that are applicable to all station
types as well as specific parameters, unique to each station type that will be discussed in
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this is section. The station types implemented for the discharge measurement are the
following,

e Bank (left or right),
e |[sland Edge,
e Open Water,

e |[ce.

8.3.2.1 Bank (left or right)

The Bank station type is used to create a station for both the left and right banks. The
one noticeable difference between the Bank station type and other station types is the
fact that no velocity measurement is performed. The Discharge Calculation Methods
implements a zero velocity on the bank when the depth is zero or against a boundary in
the case of vertical bank based on hydraulic principles.

Bank station type parameters available on the Add
Station screen consists of the following,

Location (m) [ [

a) Location,

b) Depth,

c) Station Type,

d) Correction Factor,
e) Comment.

Depth (m)
Station Type

Correction Factor

f) To select a station type,
i). Use the left or right arrow key to scroll through
the station types,

g) To add bank station,
i). Press the Right Soft Key.
h) To CANCEL add bank station,
1). Press the Left Soft Key.

Cancel

Figure 8:15 - Bank Station Type

Properties associated with the parameters for bank station type are defined in Table
8:4,

Table 8:4 - Bank Station Type - Properties

Parameter Min Max Default Decimals Units Required
Location -1000 1000 empty 3 m or ft Yes
Depth 0 100 empty 3 m or ft Yes
Station Type Left Bank Yes
Correction Factor -1 1 1 2 Yes
Comment 0 250 empty No

The Left Bank will always be displayed on the left side of the Data Collection Window
independent on which bank the measurement was started. If the measurement was

FlowTracker2 User’'s Manual (February 2016)

116




SonTek — a Xylem brand

started on the left bank the data collection window will be populated from the left, if the
measurement was started on the right bank, the window will be populated from the
right.

8.3.2.2 Island Edge

The Island Edge station type is used to create a station for Island Edges. Similar to
Bank station types, the one noticeable difference between Island Edge station type and
other station types is the fact that no velocity measurement is performed. The Discharge
Calculation Methods assumes that the velocity on the bank is zero when the depth is
zero or against a boundary in the case of vertical bank.

Island Edge station type parameters available on the RS
Add Station screen consists of the following,

Location (m)

a) Location,
b) Depth, Depth (m)
c) Station Type,

d) Correction Factor,
e) Comment. Correction Factor

Station Type [«  Island Edge 1+

f) To select a station type,
1). Use the left or right arrow key to scroll through
the station types, Figure 8:16 - Island Edge

g) To add island edge station, Station Type
1). Press the Right Soft Key.

h) To CANCEL add island station,
i). Press the Left Soft Key.

Cancel

Properties associated with the parameters for island edge station type are defined in
Table 8:5,

Table 8:5 - Island Edge Station Type - Properties

Parameter Min Max Default Decimals Units Required
Location -1000 1000 empty 3 m or ft Yes
Depth 0 100 empty 3 m or ft Yes
Station Type Island Edge Yes
Correction Factor -1 1 1 2 Yes
Comment 0 250 empty No

The Island Edge station type is normally selected after “Open Water” or “Ice” station
types. The station type after the first Island Edge is completed will be set to “Island
Edge” by default. The station type after the second Island Edge is completed will be set
to “Open Water” by default.
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8.3.2.3 Open Water

The Open Water station type is used to create a station for open water conditions,
performing velocity measurements within a vertical at a station. Open Water is the main
station type that will be used during most discharge measurements and the number of
stations required is 23 stations for measurement sections wider than 5m.

The number of stations recommended based on measurement section width are
available in the following literature,

e [SO 748 — 2007, Hydrometry - Measurement of liquid flow in open channels using
current meters or floats,

e WMO-No. 1044, Volume | — Fieldwork, 2010.

Open Water station type parameters available on the FES
Add Station screen consists of the following,

. Location (m) | 2 |
a) Location,
b) Depth, Depth (m)
c) Station Type,
d) Velocity Method Station Type ] Open Water I
e) Correction Factor' Velocity Method 0.2/08

(push for options)

f) Comment.

Cancel Measure

Figure 8:17 - Open Water
Station Type

g) To select a station type and or velocity method,
i). Use the left or right arrow key to scroll through
the station types and or velocity methods,

h) To add open water station and continue to velocity
measurement,
i). Press the Right Soft Key.

1) To CANCEL add open water station,
i). Press the Left Soft Key.

Properties associated with the parameters for open water station type are defined in
Table 8:6,

Table 8:6 - Open Water Station Type - Properties

Parameter Min Max Default Decimals Units Required
Location -1000 1000 empty 3 m or ft Yes
Depth 0 100 empty 3 m or ft Yes
Station Type Open Water Yes
Velocity Method @ Yes
Correction Factor -1 1 1 2 Yes
Comment 0 250 empty No
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The default velocity method selection is performed on two methods, the Six-Tenths and
Two-Point methods. The default method selection is based on water depth with the
following criteria,

¢ Six-Tenths method for water depths below user specified depth,
e Two-Point method for water depths above user specified depth.

The default velocity method is only recommendation and the user can change the
method based on their requirements.

8.3.2.4 Ice

The Ice station type is used to create a station for under ice conditions, performing
velocity measurements within a vertical at a station. Ice station type is used for
discharge measurements where an ice layer covers the water surface. The Ice station
type has specific parameters for incorporating parameters associated with the ice layer.

Ice station type parameters available on the Add
Station screen consists of the following,

Location (m) [ 2 |

a) Location,

b) Depth,

c) Station Type,

d) Velocity Method,

e) Ice Thickness,

f) Water Surface to Bottom of Ice,
g) Water Surface to Bottom of Slush
h) Correction Factor,

i) Comment.

Depth (m)

Station Type

Velocity Method

Cancel

Figure 8:18 - Ice Station Type

Measure

J) To select a station type and or velocity method,
i). Use the left or right arrow key to scroll through
the station types and or velocity methods,

k) To add ice station and continue to velocity
measurement,
i). Press the Right Soft Key.

I) To CANCEL add ice station,
i). Press the Left Soft Key.

Properties associated with the parameters for ice station type are defined in Table 8:7,
Table 8:7 - Ice Station Type - Properties

Parameter Min Max Default Decimals Units Required
Location -1000 1000 empty 3 m or ft Yes
Depth 0 100 empty 3 m or ft Yes
Station Type Ice Yes
Velocity Method Yes
Ice Thickness 0 100 empty 3 m or ft Yes
Water Surface to 0 100 empty 3 m or ft Yes
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Parameter Min Max Default Decimals Units Required
Bottom of Ice
Water Surface to
0 100 empt 3 m or ft No
Bottom of Slush Py
Correction Factor -1 1 1 2 Yes
Comment 0 250 empty No

8.3.3 Station Measurement

Station Measurement is performed at each station that was created from the
subdivision of the measurements section into number of stations. The station
measurements consists of collecting a number of different parameters and variables
required for the Discharge Calculation Methods. Each station is unique with respect to
the selection of the location, width between adjacent stations, velocity method, averaging
interval used for velocity measurements and quality control parameters.

8.3.3.1 Station Parameters

The Station Parameters that need to be determined before a decision is made on what
velocity method will be used are the station location with respect to the starting point on
the tag line or measuring tape and the total water depth.

, Is the distance from
® the start location on the
tag line or measuring
tape.

ke ERtoe,  LocSlee
Vel Vel Vel, Vel,
-

, Is the water depth
measured from the water
surface to the channel

bed.

Area, Area, Area,

Figure 8:19 - Station Parameters

The value of the start location on the tagline or measuring tape is not required to be
zero (0.000m). The station location can also be entered in negative direction, with the
start location at a larger value (e.g. 7.956m) and the end location at a smaller value
(e.g. 0.532m). This feature assist when a measurement is performed from the left bank
to the right bank and then back using the same tag line setup.

Start location of measurement at 0.532m

4.23 5.23 6.23 7.23 7.956
Start location of measurement at 7.956m

0.532 1.23 2.23 3.23 3.23
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8.3.3.2 Point Velocity Measurement

The Velocity Method (see Determining Mean Station Velocity) selected for a station is
based on the water depth, hydraulic conditions and the flow distribution within the
measurement section.

e The number of point velocity measurements required within a vertical is
dependent on the type of velocity method selected.

e The point velocity measurements are performed at a defined fractional depth
based on the velocity method selected.

Add Station 100% (I

Station parameters defined for Velocity
Measurement, e.g., parameters of station 2m defined -ecaton m) | 2 |
for velocity measurements are the following,

Depth (m)
a) Station location: 2m,

b) Water Depth: 1m, Station Type

c) Station Type: “Open Water”, ?ﬁ'fﬁ"f’-’, Method

d) Velocity Method: Two Point. PIEILTOF OpFRons)

e) To add open water station and continue to velocity "‘e' Meas“re
measurement, Figure 8:20 - Velocity
i). Press the Right Soft Key. Measurement

f) To CANCEL a new station,
i). Press the Left Soft Key.

18:00 Measurements (loc. 2 m) 100% [i|
Measurement screen display the point velocity

measurements required at each fractional depth, e.g.,

the fractional depths for the two point method at e
station 2m with a water depth of 1m are the following, ' .
e 0.2 x water depth, 0.2m
¢ 0.8 x water depth, 0.8m

a) To select a fractional measurement depth, «  Previous
I). Use the up or down arrow key to scroll through Figure 8:21 - Measurements
the measurement options,

b) To continue to velocity measurement,
i). Press the enter key.

c) To open data collection menu,
i). Press the Right Soft Key.

d) To REVERT to add station screen,
i). Press the Left Soft Key.

The order in how the point velocity measurements are performed at each fractional
depth is not set and the user can perform the measurements in any order. The
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software highlights the same fractional depth that was measured at the previous
station. This method reduces the number of key strokes and unnecessary adjustments
on the wading rod.

Station 1 2 3 4 5 6 7
é—

+ ——————
0.8 5 -
Selecting the same fractional depth that was measured at the previous station improves
the overall efficiency of the measurement. The example that is shown above shows a

measurement where two-point method is performed at each station, keeping the order of
measurements synced between stations improves the workflow.

0.2 (1 m total depth)

Setting Fractional Depth screen allow the setting
and placement of the wading rod before velocity
measurement is started,

a) Wading rod setting,
b) Beam Check,

c) Boundary QC, 20,8 BB
d) Tilt, L RO N

e) Velocity angle. Cancel Start
f) To start a velocity measurement, Figure 8:22 - Setting
1). Press the Right Soft Key. Fractional Depth

g) To REVERT to measurement screen,
i). Press the Left Soft Key.

The key features of the Setting Fractional Depth are explained in Figure 8:23.

o [ Tilt Bubble
Top Setting 0.2 (1 m total depth) 83% [N

wading rod

Automated @

Beam Check

Wading rod

setting Velocity Angle

A R R

Cancel Start

Figure 8:23 - Features of Setting Fractional
Depth
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0.2 (1 m total depth) 83% i

Fractional Depth Measurement screen displays
graphical display of raw data of the following variables
during a velocity measurement,

Velocities - All (m/s)

a) Velocity,

b) SNR,

c) Temperature, 0.2

d) Battery, 0.0179 205

e) Tilt, o Stop Sampling
Tilt and Velocity Angle indicators are situated on the Figure 8:24 - Fractional
right hand side of the screen. Depth Measurement

f) Tilt,

g) Velocity Angle,
h) Averaging Time left.
1) To select a variable graphical display,
i). Use up or down scroll arrows keys to view a
variable.
J) To stop sampling,
i). Press the Right Soft Key.

k) To CANCEL velocity measurement,
i). Press the Left Soft Key.

The conventions and graphic display features used for displaying Velocity and SNR raw
data are defined under Raw Data Display.

8.3.3.3 Review Point Measurement

Review Point Measurement is a report supplied at the end of each point velocity
measurement. The report consists of two components, tabular summary of numerical
calculations performed on the raw data collected and graphical display of raw data.

Review Point Measurement screen consists of the 13:45 Review Point Measurement  100% i
following tabular summary and graphical displays,

Warning 1 Velocity Angle > QC
Tabular Display samples 40
. . Spikes 0 (0%)
a) Review Point Measurement, Table 8:8 Vel -
Vv
Graphical Display of raw data are based on the si,R
following variables, Angle
Tilt
b) Velocity,
c) SNR,
d) Temperature, Figure 8:25 - Review Point
e) Tilt, Measurement
f) Velocity Angle,
g) Battery.
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h) To select a variable,
i). Use the up or down arrow key to view a
variable.

i) To accept the velocity measurement,
i). Press the Right Soft Key.

j) To REDO velocity measurement,
1). Press the Left Soft Key.

The conventions and graphic display features used for displaying Velocity and SNR raw
data are defined under Raw Data Display.

Properties associated with the variable output from the numerical calculations

performed on raw data collected is defined in Table 8:8,

Table 8:8 - Review Point Measurement

Variable Description Units Decimal
Samples Total number of samples received. number n/a
Spikes Number of spikes removed from mean velocity. number n/a
Mean X velocity component of all samples.
Vel Velocity is despiked and mounting correction m/s or ft/s 4
applied (if applicable).
oV Standard error of X velocity component. m/s or ft/s 4
SNR Mean signal to _noise _ratio. Average of beam 1 dB
and 2 SNR during point measurement.
Flow angle relative to X direction. Angle
Angle between the mean X velocity component and Degree 2
mean Y velocity component.
Tilt Mean wading rod angle during point velocity Degree 2
measurement.
Temp Mean temperature during point measurement. °C or °F 2
Bnd Boundary QC value. n/a n/a

8.3.3.4 Review Station Measurement

Review Station measurement is tabular report supplied at the completion of all point
velocity measurements at a station. The variables supplied in the report are dependent
on the features activated on the handheld, velocity method selected and the discharge
calculation method.
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Review Station screen consists of tabular summary  [E¥ES

of all measurements performed at the station,

a) Review Station, Table 8:9. Samples
Spikes
b) To close the review station report, Angle
i). Press the Right Soft Key. i
J . i Temperature
i1). The software will navigate to the Data Bnd

Collection Window.

c) To EDIT station,
1). Press the Left Soft Key.

SNR

GPS

Review Station

o~

55 dB
15

0

76,

Edit Station
Figure 8:26 - Review Station

Properties associated with the variables and numerical calculations performed on the
raw data collected at the station is defined in Table 8:9,

Table 8:9 - Review Station

Variable Description Units Decimal
, Station location measured from the start
Location : . : m or ft 3
location on tag line or measuring tape.
Dist. Prev. | Distance between current and previous m or ft 3
St. station.
Depth Measured water depth or effective depth (for m or ft 3
Ice method).
Type Station type (see Station Types). n/a n/a
Discharge measurement method or velocity
Method method (see Determining Mean Station n/a n/a
Velocity).
Ice Ice Thickness (only for Ice method). m or ft 3
WS to Bl Water surface to bottom of ice (only for Ice m or ft 3
method).
WS to BS Water surface to bottom of slush ice (only for m or ft 3
Ice method).
Corr. Eactor Mea_ln station vglocﬂy (mean velocity in 2
vertical) correction factor.
Text entered in comment fields during
Comment n/a n/a
measurement.
Station discharge as a percent of the,
%Q . welghted rateq dlscharge, of rated % 5
discharge entries in supplement data or,
e measured discharge up to that station.
StnQ ;tsttrl]%réor panel discharge, per discharge m¥s or s 4
Total discharge is the sum of all completed
TotalQ station or panel discharges, per discharge m®/s or ft*/s 4
method.
PanelVel Panel v_elocny calculated based on discharge m3s or f¥s 4
calculation method.
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Variable Description Units Decimal
Mean Station Velocity or Mean Velocity in
Vertical, X velocity component computed per
MeanStvel velocity method. Velocity is despiked and m/s or fs 4
mounting correction applied (if applicable).
oV Mean st_andard error of X velocity component m/s or ft/s 4
of all point measurements.
SNR Me_an signal to noise ratio of beams 1, 2 of all dB 3
point measurements.
Samples Total number of samples received. number n/a
. Total number of spikes removed from mean
Spikes . number n/a
velocity.
Mean flow angle relative to X direction.
Angle Average the velocity angle from each point Degree 2
measurement.
Tilt Mean wading rod angle of all point velocity Degree 5
measurements.

Temperature | Mean Temperature of all point measurements. °C or °F 2
Bnd Lowest Boundary QC value. n/a n/a
GPS Indicating if GPS was used during station n/a n/a

measurement.

8.3.4 Data Collection Menu

Data Collection Menu allows the user to adjust measurement settings, enter staff gauge
readings and rated discharge data and view measurement summary. The data
collection menu can be accessed in between point velocity measurements or stations
and this ensures that the instrument is configured for current flow conditions present.

Data Collection Menu screen consists of the 21:16
following functions that are available in Discharge
Mode,

a) Settings,

Data Collection 100% il

= Supplemental Data

Depth: 1.

b) Supplemental Data,

c) Discharge Summary,

d) Stations Summary,

e) Automated Beam Check,
f) Complete Measurement,
g) Discard Measurement,

h) Go to Home Screen.

1) To select a function,
1). Use the up or down arrow key to scroll through
the functions,
j) To open or CLOSE the data collection menu,
i). Press the Right Soft Key.

M Discharge Summary

B sStations Summary

e Automated BeamCheck

B Add station

Menu

Menu

Figure 8:27 - Data Collection
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8.3.4.1 Settings

The Settings menu option gives the user access to the initial measurement settings that
were configured during the configuration of the discharge template.

Settings screen consists of the following functions for REEs Settings 100% (il

[Z] File Properties

configuring measurement settings,
a) File Properties,

b) Data Collection Settings, Data Collection Settings
c) Quality Control Settings

d) Discharge Settings. % Quality Control Settings
e) To select a function, & Discharge Settings

i). Use the up or down arrow key to scroll through
the functions,

f) To CLOSE the settings menu,
i). Press the Left Soft Key.

4+ Data Collection

Figure 8:28 - Settings Menu

The measurement settings functions supplied in the Settings option in data collection
menu are defined under Template Functions.

8.3.4.2 Supplemental Data

Supplemental Data function enables the user to enter staff gauge readings and rated
discharge during the discharge measurement. The staff gauge readings and rated
discharge are used to compute Weighted Gauge Height. The rated discharge is also
used to determine percentage discharge at each station or panel during a discharge
measurement.

Supplemental Data screen display the supplemental FEES Supplemental Data
data entered and is sorted by the time the staff gauge . _ .
Time Gauge Height Rated Discharge

readings were taken. The supplemental data can be
entered during any stage of the measurement before

the “Complete Measurement” function is selected.

a) To add supplemental data,
i). Press the Right Soft Key,

b) To CLOSE supplemental data,
1). Press the Left Soft Key.

« Data Collection

Figure 8:29 - Supplemental Data

The time and date entered for each supplemental dataset should be the time when the
staff gauge reading was taken and not the time when the data was entered.
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Add Gauge Height screen consists of the following Add Gauge Height 100% fi
variables required in supplemental data,
Date [ 2015-11-29 |
a) Date,
b) Time, Time (use ' to enter )

c) Gauge Height,
d) Rated Discharge,
e) Comment Rated Discharge (m®/s)

Gauge Height (m)

-

c) To accept supplemental data,
1). Press the Right Soft Key,

d) To CANCEL supplemental data entry,
i). Press the Left Soft Key.

Cancel

Figure 8:30 - Add Gauge Height

The staff gauge readings, rated discharge and associated data captured in
Supplemental Data should be accurate and complete. It is important that these
variables are entered correctly for accurate calculation of weighted gauge height and or
percentage discharge.

8.3.4.3 Discharge Summary

Discharge Summary from the data collection menu displays the discharge and other
variables measured from all completed stations. Discharge summary requires at least
one station with velocity measurements to populate the main variables in the table.

Discharge Summary screen consists of tabular 23:06 Discharge Summary 100% [
summary of discharge and other variables measured
up to specific point Discharge 0.5371 m*/s
P p P ! Rated Q 12.345 m?/s
a) Discharge Summary, Table 8:10. Width £8 =
Mean Depth i
b) To close the discharge summary report, Area
. Mean SNR
i). Press the Left Soft Key. e
i1). The software will navigate to the Data Vel Mean
Collection Window. ) Data.Coecion

Figure 8:31 - Discharge
Summary

Properties associated with the variables and numerical calculations performed on the
raw data collected is defined in Table 8:10,

Table 8:10 - Discharge Summary

Variable Description Units Decimal

Total discharge is the sum of all station or

3 3
panel discharges, per discharge method. m/s or ft/s 4

Discharge

RatedQ Rated discharge entered in supplemental data. | m%s or ft*/s 4

Width Total width calculated from all stations and or

panels, per discharge method. m or ft 3

Average depth calculated from the total area

and width. mor ft 3

Mean Depth
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Variable Description Units Decimal
Total area calculated from all stations or 2 2
Area : m< or ft 4
panels, per discharge method.
Mean SNR Averqge SNR of all co.mpleted stations. dB n/a
Require at least 3 stations.
Temp Average temperature of all completed stations. °Cor °F 2
Vel Mean Average station velocity, X velocity component | m/s or ft/s 4
Vel Min Minimum station velocity, X velocity m/s or ft/s 4
component
Vel Max Maximum station velocity, X velocity m/s or ft/s 4
component
Height, Start | Start staff gauge reading. m or ft 3
Height, End | End staff gauge reading. m or ft 3
Uncertainty | Uncertainty in discharge measurement. % 2
Largest Largest uncertainty in the discharge 0
) . . 7 2
Uncertainty | uncertainty calculation.

8.3.4.4 Station Summary

The Station Summary from the data collection menu displays the completed stations in
table format. The station summary is a good reference when evaluating measurements
performed at a station against adjacent stations.

Station Summary screen consists of tabular view of [EEes Stations Summary 100% [i
all completed stations,
) Stn Loc  Depth Type Method
a) Station Summary, Table 8:11.
. 23 1.23 Open Water 0.6
b) To close the discharge summary report, 15 | Open Water 0.6

i). Press the Left Soft Key. TN oLl B ...
ii). The software will navigate to the Data
Collection Window.

4 Data Collection
Figure 8:32 - Station Summary

Properties associated with the variables and numerical calculations performed on the
raw data collected is defined in Table 8:11,

Table 8:11 - Station Summary

Variable Description Units Decimal

Station location measured from the start
Loc ) : ) m or ft 3
location on tag line or measuring tape.

Measured water depth or effective depth (for

Depth Ice method). morft 3
Type Station type (see Station Types). n/a n/a
Method Discharge measurement method or velocity n/a n/a

method (see Determining Mean Station
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Variable Description Units Decimal
Velocity).
Corr. Factor Mee}n station vglocity (mean velocity in None 3
vertical) correction factor.
panel Vel Panel vglocity calculated based on discharge m/s or ft/s 4
calculation method.
Mean Station Velocity or Mean Velocity in
Vertical, X velocity component computed per
MeanStvel velocity method. \);elociti)/ is despike% andp m/s or fs 4
mounting correction applied (if applicable).
Width Panel width, per discharge method. m or ft 3
Area Panel area, per discharge method. m?/s or ft/s 4
Flow Panel discharge, per discharge method. m®/s or ft*/s 4
Station discharge as a percent of the,
%Q . vv_eighted rated_ dis_charge, of rated % 2
discharge entries in supplement data or,
e measured discharge up to that station.
Mean flow angle relative to X direction.
Angle Average the velocity angle from each point Degree 2
measurement
Tilt Mean wading rod angle of all point velocity Degree 2
measurements.
Temp Mean Temperature of all point measurements. °Cor °F 2
GPS Indicating if GPS was used during station a /a

measurement.

8.3.4.5 Automated Beam Check

Automated Beam Check function in the data collection menu allows the user to perform
beam check during any stage of the discharge measurement. The Automated Beam
Check function operations, conventions and graphic display features are defined under
Automated Beam Check.

Automated Beam Checks performed during the discharge measurement are stored in
FlowTracker2 file (.ft) that was created for the measurement site.

8.3.4.6 Complete Measurement

The Complete Measurement function closes the measurement file and the user will not
be able to add additional stations and or make any changes to the data captured. The
complete measurement function is a three-step process, firstly to determine if the user is
satisfied with the discharge measurement, secondly to perform quality control checks
against all measurement data and lastly to review discharge summary.
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The Complete Measurement process allows the user to review the measurement data
before the complete function is selected at Summary screen. The user will not be able
to make any to changes to the measurement file from the handheld when this function
is selected.

18:04 Confirmation 100% (i
Confirmation screen of Complete Measurement
; : : Do you want to close the current measurement
function Conflrms if the Use.r wants to close the file? You will not be able to add stations or make
measurement f||e User will not be able to add any other changes after the file is closed.

stations or make any changes to the data

a) To confirm complete measurement operation,
i). Press the Right Soft Key.

b) To CANCEL complete measurement operation,
1). Press the Left Soft Key.

Figure 8:33 - Confirmation
Complete Measurement

18:53 Confirmation 100% [
Confirmation screen with Quality Control warning
The current data does not pass validation

messages based on quality control checks performed chacke Siations mav be in knaBd order or an
on measurement data. end edge may E)F missing. Continue?

a) To accept quality control warning messages,
1). Press the Right Soft Key.

b) To CANCEL complete measurement operation,
i). Pressthe Left Soft Key.

Figure 8:34 - Confirmation
Quality Control Messages

18:56 Summary
Summary screen displays the discharge summary .
report before the measurement file is closed for et e
further data entry and editing. Site Number D1HO009
- - Operator Daniel Wagenaar
a) To confirm complete measurement operation, o TR
i). Press the Right Soft Key. Completed 2015-11-30 03:4-
ii). The software will navigate to the Main Menu. Stations 5

Comment
b) To CANCEL complete measurement operation,

i). Press the Left Soft Key.

Cancel E= complete

Figure 8:35 - Summary
Discharge Measurement

8.3.4.7 Discard Measurement

The Discard Measurement function will discard all configuration settings, stations and
other data related with the measurement.
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Discarding a measurement will result in deleting all data of the measurement site that is
related to the specific measurement file.

Warning screen of Discard Measurement function 19:11 Warning 100% (il
displays the warnings associated with discarding
measurement file.

The current measurement with all configuration
settings, stations, other data and related

a) TO DISCARD measurement, information will be discarded.
i). Press the Right Soft Key.
i1). The software will navigate to the Main Menu.

b) To CANCEL discard measurement operation,
i). Press the Left Soft Key.

Figure 8:36 - Warning Discard
Measurement

8.3.4.8 Go to Home Screen

The Go to Home Screen function will navigate the software to the main menu and the
user will have the ability to access software functions that are not related to Discharge
Mode function.

The discharge measurement can be accessed during any stage by selecting the “Data
Collection” function with the Right Soft Key. The software will continue with the
measurement at the exact stage when the user navigated away from the discharge
mode.

8.4. Measurement Summary

Measurement Summary is supplied when the Complete Measurement function is
selected and displays all the measurement results. The Measurement Summary is the
last verification of the measurement results before the measurement file is closed for any
further measurements or changes.

Measurement Summary screen consists of tabular 18:56 Summary
summary of discharge measurement results,
File Type Discharge
a) Discharge Summary, Table 8:12. Site Name Orange River
. Site Number
b) To CANCEL the discharge summary report, Operator
i). Pressthe Left Soft Key. oo A
.. . ; Completed 2015-11-30 03:44
i1). The software will navigate to the Data Stations 5
Collection Window. SCIGED
¢) To COMPLETE the discharge measurement, e [ onpien
i). Press the Right Soft Key. Figure 8:37 - Measurement

Summary

ii). The software will close the measurement file
and navigate to the main menu.

Properties associated with the variables and numerical calculations performed on the
raw data collected is defined in Table 8:12,
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Table 8:12 - Measurement Summary

Variable Description Units Decimal
File Type File type based on discharge or general mode n/a n/a
Site Name | Site name populated by user n/a n/a

Site Number | Site number populated by user n/a n/a
Operator Operator name populated by user n/a n/a
Started Start date and time when measurement was yyyy-mm-dd hh:mm
created
Completed End data and time when measurement was yyyy-mm-dd hh:mm
completed
Stations Total number of stations within the n/a n/a
measurement
Comment General comment captured against n/a n/a
measurement
Discharge | Total discharge calculated md/s or ft3/s 4
Rated Q Rated discharge entered by user m®/s or ft¥/s 4
Width Total width of the measurement section m or ft 3
The mean depth of the measurement section
Mean Depth calculated from the total area and width. m or ft 3
Area Total area of the measurement section m* or ft° 4
Mean SNR | Average signal to noise ration dB
Temp Average temperature measured °Cor °F
Vel Mean Average station velocity, X velocity component | m/s or ft/s
Minimum station velocity, X velocit
Vel Min Y Y m/s or ft/s 4
component
Maximum station velocity, X velocit
Vel Max Y Y m/s or ft/s 4
component
Height, Start | First staff gauge reading m or ft 3
Height, End | Last staff gauge reading m or ft 3
Uncertainty | Uncertainty in discharge measurement % 2
Largest Largest uncertainty in the discharge
. . . % 2
Uncertainty | uncertainty calculation
FlowTracker2 User’'s Manual (February 2016) 133




SonTek — a Xylem brand

Section 9. General Measurement

General Measurement is the measurement technigue involved in collecting velocity
data based on the General Mode (see Data Collection Modes). The data collection
framework designed for collecting velocity data is detailed in Software Flow Diagram.
Velocity data collection process consists of the following main components, with
discussions of each component.

e Create Measurement,

e Automated Beam Check,
e Data Collection,

e Discharge Summary.

9.1. Create Measurement

Creating a new measurement consist of number of steps before the data collection can
be performed. The first step involved is to either select an existing Configuration
Template or create a new template with user defined configuration parameters. The
template then needs to be associated with a measurement file that is created by the
user. When the measurement file is created, the software is ready for data collection.

9.1.1 Measurement

The Measurement function enables the user to create a new measurement in either
Discharge or General mode. The General mode used for the collection of velocity data
during field measurements will be focused on in this section.

a) The Measurement function can be accessed 01:05 FlowTracker2 100% (il
from the Main Menu on the bottom banner,

-
b) To select the Measurement function,

i). Press the Right Soft Key. A Utilities

c) The software will navigate to the New File Type or & Communication
Mode screen.

i System Information

[& Data Files B Measurement

Figure 9:1 - Main Menu

9.1.2 New File Type

The New File Type function enables the user to determine if the new measurement file
should be based on either Discharge or General mode.
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The New File Type screen consists of the following 13:34 New File Type 100% il
options,

@) Discharge,

b) General, © General

c) To select discharge mode,
i). Use up or down scroll arrows keys to select
Discharge and press enter key.

d) The software will navigate to the New File
Template screen.

Figure 9:2 - New File Type
e) To navigate to Home menu,
i). Press the Left Soft Key.

9.1.3 New File Template

New File Template function enables the user to create a new configuration template
based on SonTek default settings or select an existing Configuration Template created
by the user. The configuration template is based on user defined parameters that are
dependent on measurement site details, flow conditions and organizational
requirements. The configuration template selected will be assigned to the measurement
file and the parameters defined in the template will be applied during the Velocity
measurement.

The New File Template screen consists of the New File Template 100% i
following options,

a) (default), the template will be based on
SonTek default settings. oy

b) Existing Templates, created under “Device
Configuration”. A list of available templates
created by the user will be displayed under the
“(default)” option.

(default)

c) To select a template, < File Type
i). Use up or down scroll arrows keys to select Figure 9:3 - New File Template
template and press enter key.

d) The software will navigate to the New Data File
screen.

e) To navigate to File Type menu,
i). Press the Left Soft Key.

9.1.4 New Data File

New Data File function enables the user to populate the measurement site and operator
details. The information entered for each parameter should be accurate as this
information is recorded in each measurement file and used in both the File Naming and
Folder Naming conventions.
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e EXxisting templates created under “Device Configuration”, parameters will be
prepopulated from File Properties information that was captured,

e Templates based on SonTek default configuration will have no information
populated and the user will need to enter the required details for each parameter.

It is not good data management practice for both measurement site references to be
empty or with abbreviate terms. It is recommended that the user makes use of
accurate site descriptions.

The New Data File screen consists of the following 04:15 New Data File 100% i)
parameters,

a) Slte Number Site Number DD7490

b) Site Name, Site Name

c) Operator,

d) Comment. Operator | Moses January |

e) To select a parameter, Comment

i). Use up or down scroll arrows keys to select a
parameter.

Figure 9:4 - New Data File

f) To accept the new data file configuration,
1). Press the Right Soft Key,
ii). The software will navigate to Automated Beam
Check screen.

g) To CANCEL new data file configuration,
1). Press the Left Soft Key,
ii). The software will return to New File Template.

9.2. Automated Beam Check

The Automated Beam Check function allows the user to perform a Beam Check in the
region of the measurement location before data collection starts. The automated beam
check perform a number of quality control checks on the data collected to determine if
the flow conditions are suitable for velocity measurements. The Automated Beam Check
is an automated version of Beam Check function described in Beam Check.

Automated Beam Check can be performed during any stage of the data collection
process. The Automated Beam Check functions are available before data collection
start and during velocity measurement from the “Data Collection Menu” (see Data
Collection Screen).

9.2.1 Start Automated Beam Check

The FlowTracker2 probe should be placed in the region of the measurement location in
moving water such that the probe is submerged and well away from any underwater
obstacles. The FlowTracker2 collects data for about 30 seconds.
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The Automated Beam check screen shows the
steps involved in performing an automated beam
check.

|

Automated BeamCheck

a) To start the automated beam check,
1). Press the Right Soft Key.

b) To CANCEL automated beam check,
1). Press the Left Soft Key,
il). The software will navigate to Data Collection
window.

Press 'Start' to begin

Figure 9:5 - Automated Beam

c) To accept Automated Beam Check, Check

1). Press the Right Soft Key,
ii). The software will navigate to the Data
Collection window.

9.2.2 Evaluate Beam Check Results

The automated beam check quality control criteria used in the evaluation of the beam
check data are listed in Table 9:1,

Table 9:1 - Automated Beam Check Quality Control Criteria

Quality Control Criteria QC Warning Graphic Display

Automated BeamCheck

e Measured electronics noise -
level is compared to reference o ool
data. Any significant deviation
causes a warning,

e A large change in noise level
may indicate damage to the
probe.

83% i

Noise Level >

QC

Noise Level

e The SNR is checked as
sufficient for reliable data
collection,

e Each beam SNR is compared
to be sure all beams perform
equally,

e A warning is issued for low
SNR <4 dB,

e A warning is issued for 4 dB >
SNR <7dB,

o Beam SNR values differ.

SNR SNR

Automated BeamCheck

Peak Level

e The shape of the sampling
volume curve is compared to
the expected shape. Any
significant deviation causes a
warning,

e This criterion can only be
checked with sufficient SNR
(> 7 dB).

s

Peak Level - All (dB)

Peak Level > B

QC
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Quality Control Criteria QC Warning Graphic Display

¢ The physical location of the Automated BeamCheck
sampling volume is compared
to the expected location. Any Peak

Peak Location significant deviation causes a Location >

warning.

e This criterion can only be QC
checked for sufficient SNR (>
7 dB).

a) If any warnings are issued, the warnings will be displayed at the bottom of the
graphics. The user have the option to repeat the test if warnings are issued.

i). We recommend repeating the test at least once, after you verify that the probe
and sampling volume are well away from any underwater obstacles,

i). If multiple warnings are received, run manual Beam Check to evaluate
FlowTracker2 performance in more detalil.

b) The display options for individual or all beam check data are listed in Table 9:2.
The shortcut key on the keypad determines which beam SNR will be displayed,

Table 9:2 - Automated Beam Check Display

Beam Line Color Keypad Key
Beaml Red 1
Beam2 Blue 2
Beam3 Green 3

All Beams All 4

c) To select a Quality Control Criteria,
1). Use up or down scroll arrows keys to view quality control criteria.

9.3. Data Collection

Data Collection function for General mode is the process involved in collecting velocity
data. The data collection process is a systematic workflow designed to follow the actual
measurement process in the field. The process consist of the following main
components that also describes each individual aspect of the field measurement,

e Data Collection Window,
e Station Measurement,

e Data Collection Menu.

9.3.1 Data Collection Window

The Data Collection Window can be defined as the “control center” of the data
collection process during velocity measurements. All the software functions required to
perform velocity measurements is available from the data collection screen. The key
features and some of the variables are explained in Figure 9:6.
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04; Data Collection 100% @
Station selected

S R Sin locX LocY Depth MDep Velx

Gl s [ oe Loz

.33 2.687 1.15 0.2103 Additional data

Completed 1434 | 2.787 1.25 0.6 0.2126 _
Station 1534 | 2.887 | 1.25 0.6 0.22 X Velocity

. 1634 | 2987 | 125 0.6 0.2127 Component
Station
Location(X)
Station :
Location(Y) 5 Add Station

Figure 9:6 - Data Collection Window

The operations and functions available of the Data Collection Window will be discussed
throughout this section with the main functions described in Figure 8:7.

Data Collection Window screen of the consists of )4:56 Data Collection
the following,

a) Station Management area defined in ,
b) Add Station,
c) Data Collection Menu (Menu). No data

d) To add a station,
i). Press the Left Soft Key.

e) To select the data collection menu, : =
i). Press the Right Soft Key,
ii). The software will display a popup menu screen. ~ Figure 9:7 - Functions Data
Collection Window

9.3.1.1 Add Station

Add Station function creates a station for each measurement location identified for
velocity measurements. The process separates point velocity measurements with the
same position and or different measurement locations.

Add Station screen consist of the following : Add Station 100% fi
parameters that are required to create a station,

a) Location X,
b) Location Y, Location ¥ (m)
c) Water Depth,
d) Measurement Depth, Water Depth (m)
e) Comment.

The standard functions available for each station
type are, Cancel Measure

f) Record GPS Location (function availability, see Figure 9:8 - Add Station

Measurement Depth (m)
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GPS Station Tagging).

g) To add a station or start velocity measurement,
1). Press the Right Soft Key.

h) To CANCEL add station,
i). Press the Left Soft Key.

Unique station number is assigned to each point velocity measurement. This allows the
user to perform multiple measurements at the same location without assigning a unique
number or name to differentiate between the measurements.

Properties associated with the parameters for station are defined in Table 9:3,

Table 9:3 - Station - Properties

Parameter Min Max Default Decimals Units Required
Location X -1000 1000 empty 3 m or ft Yes
Location Y -1000 1000 empty 3 m or ft Yes
Water Depth 0 100 empty 3 m or ft Yes
Measurement Depth 0 100 empty 3 m or ft Yes
Comment 0 250 empty No

9.3.1.2 Delete Station
Deleting a station is performed from the Data Collection Window by selecting the
station within the viewable window.

The station delete process is not reversible and the user must ensure that the correct
station is selected. Selected station will be highlighted with a yellow background.

Delete Station is performed from the Data 05:16 Data Collection 100% (i
Collection Window. Up to ten completed stations — O —
will be displayed at any time, B ———.

a) To select a station, 1334 | 2778 | 112 06 | 0.2194

2 Y
1). Use the up or down arrow key to scroll through
the completed stations,

b) To DELETE a station,
i). Press the backspace key.
ii). The software will navigate to the Confirmation Rl
screen. Figure 9:9 - Select Station

4 | 1534 | 2978 1125 0.6 0.2123
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Confirmation screen requests confirmation of Confirmation 100% [i)
deleting the selected station.

Delete selected record?

a) To confirm station delete,
i). Press the Right Soft Key,

b) To CANCEL station delete,
1). Press the Left Soft Key,

c) The software will navigate to the Data Collection
Window.

Cancel s OK

Figure 9:10 - Confirm Delete

9.3.2 Station Measurement

Station Measurement is performed at each Station based on measurement
requirements. The measurement locations can either be structured such in laboratory
environment where the position of the instrument is determined accurately or random
where velocities on channel banks are investigated. The station measurements consist
of collecting a number of different parameters and variables required by the General
mode.

9.3.2.1 Point Velocity Measurement

Point Velocity Measurement in General mode is not bound to any measurement
techniques and or guidelines as required in Discharge mode. The location of the station,
number of point velocity measurements and depth of point velocity measurements is
dependent on the user requirements.

If the velocity measurements are used to perform hydraulic analyzes of the flow
conditions in a channel, either a laboratory or natural channel, it is recommended that
ISO 748 — 2007 guidelines are used.

Add station 100% (i)

Station parameters defined for Velocity Measurement,
e.g., parameters of station defined for velocity

measurement are the following, Location Y (m)
a) Location X: 1.534m, Water Depth (m)
b) Locat|0n Y: 2978m’ Measurement Depth (m)
c) Water Depth: 1,125m,
d) Measurement Depth: 0.6m, Cancel Measure
e) Velocity Method: Two Point, Figure 9:11 - Velocity
Measurement

f) Comment.

g) To add station and continue to velocity measurement,
i). Press the Right Soft Key.

h) To CANCEL a new station,
i). Press the Left Soft Key.
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0.6 mof 1.25 m 83% [

Setting Measurement Depth screen allow the
setting and placement of the wading rod before
velocity measurement is started,

a) Wading rod setting,

b) Beam Check,

c) Boundary QC,

‘ R e E L Ut

d) Tilt,

e) Velocity angle. Cancel Start

f) To start a velocity measurement, Figure 9:12 - Setting
i). Press the Right Soft Key. Measurement Depth

g) To REVERT to measurement screen,
1). Press the Left Soft Key.

The key features of the Setting Measurement Depth are explained in Figure 9:13.

Tilt Bubble
Top Setting 06mofl25m

wading rod

Automated
Beam Check

Wading rod
setting Velocity Angle
R M P

Cancel

Figure 9:13 - Features of Setting Measurement
Depth

06mofl1125m
Velocity Measurement screen displays graphical
display of raw data of the following variables during a
velocity measurement,

Velocities - All (m/s)

a) Velocity,

b) SNR,

c) Temperature,

d) Battery, . s 21

e) T||t, g Stop Sampling
Tilt and Velocity Angle indicators are situated on the Figure 9:14 - Velocity
right hand side of the screen. Measurement

f) Tilt,

g) Velocity Angle,
h) Averaging Time left.

FlowTracker2 User’'s Manual (February 2016) 142



SonTek — a Xylem brand

i) To select a variable graphical display,
i). Use up or down scroll arrows keys to view a
variable.
J) To stop sampling,
i). Press the Right Soft Key.

k) To CANCEL velocity measurement,
i). Press the Left Soft Key.

The conventions and graphic display features used for displaying Velocity and SNR raw
data are defined under Raw Data Display.

9.3.2.2 Review Point Measurement

Review Point Measurement is a report supplied at the end of each point velocity
measurement. The report consists of two components, tabular summary of numerical
calculations performed on the raw data collected and graphical display of raw data.

Review Point Measurement screen consists of the 13:56 Review Point Measurement  100% (i
following tabular summary and graphical displays, : .
Warning 1 Large SNR Variation
Tabular Display Samples 40
. . Spikes (0%)
a) Review Point Measurement, Table 9:4 Vel
Vel.Y
Graphical Display of raw data are based on the vel.z
following variables, aV.X 0.0021 m/s
["A 0.0139 m/s
b) Velocity, =
C) SNR ~ Accept
d) Temperature, Figure 9:15 - Review Point
e) Tilt, Measurement
f) Velocity Angle,
g) Battery.

h) To select a variable,
i). Use the up or down arrow key to view a
variable,

i) To accept the velocity measurement,
i). Press the Right Soft Key.

J) To REDO velocity measurement,
i). Press the Left Soft Key.

The conventions and graphic display features used for displaying Velocity and SNR raw
data are defined under Raw Data Display.

Properties associated with the variable output from the numerical calculations
performed on raw data collected is defined in Table 9:4,

Table 9:4 - Review Point Measurement
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Variable Description Units Decimal
Warning W_arnjng supplied based on quality control n/a n/a
criteria
Samples Total number of sample received number n/a
Spikes Number of spikes removed from mean velocity number n/a
Mean X velocity component of all samples.
Vel. X Velocity is despiked and mounting correction m/s or ft/s 4
applied (if applicable).
Mean Y velocity component of all samples.
Vel. Y Velocity is despiked and mounting correction m/s or ft/s 4
applied (if applicable).
Mean Z velocity component of all samples.
Vel. Z Velocity is despiked and mounting correction m/s or ft/s 4
applied (if applicable).
oV. X Standard error of X velocity component. m/s or ft/s 4
oV.Y Standard error of Y velocity component. m/s or ft/s 4
oV.Z Standard error of Z velocity component. m/s or ft/s 4
SNR. 1 Signal to noise ratio of Beam 1 dB 3
SNR. 2 Signal to noise ratio of Beam 2 dB 3
SNR. 3 Signal to noise ratio of Beam 3 dB 3
Angle Flow angle relative to X direction Degree 2
Tilt Mean wading rod angle during point velocity Degree 2
measurement
Temp Mean temperature during measurement °Cor °F 2
Bnd Boundary QC value n/a n/a

9.3.2.3 Review Station Measurement

Review Station measurement is a tabular report that is available from the data collection
window at the completion of point velocity measurement of a station.

Review Station screen consists of tabular summary 14:11 Raview Station 100% il
of measurements performed at the station,
LocX 1.534 m
a) Review Station, Table 9:5. LocY 2.9
. . Depth 1125 m
b) To access review station report, Meas.Depth 0.6m
i). Select the station in the data collection window, [P . -
2 Warning 1 Beam SNRs Not Similar
if). Press the enter key. Warning 2 Large SNR Variation
Warning 1 Beam SNRs Not Similar
c) To EXIT review station report, s

4 Data Collection

1). Press the Left Soft Key.
Figure 9:16 - Review Station

Properties associated with the variables and numerical calculations performed on the
raw data collected at the station is defined in Table 9:5,

Table 9:5 - Review Station

Variable Description Units Decimal

Loc X Location X coordinate m or ft 3
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Variable Description Units Decimal
LocY Location Y coordinate m or ft 3
Depth Measured water depth m or ft 3

Meas. Depth | Velocity measurement depth m or ft 3

Comment Comment supplied before the measurement n/a n/a

Warning V\/_arn_ing supplied based on quality control n/a n/a

criteria

Samples Total number of sample received number n/a
Spikes Number of spikes removed from mean velocity number n/a

Mean X velocity component of all samples.
Vel. X Velocity is despiked and mounting correction m/s or ft/s 4
applied (if applicable).
Mean Y velocity component of all samples.
Vel. Y Velocity is despiked and mounting correction m/s or ft/s 4
applied (if applicable).
Mean Z velocity component of all samples.
Vel. Z Velocity is despiked and mounting correction m/s or ft/s 4
applied (if applicable).
oV. X Standard error of X velocity component. m/s or ft/s 4
oV.Y Standard error of Y velocity component. m/s or ft/s 4
oV.Z Standard error of Z velocity component. m/s or ft/s 4
SNR. 1 Signal to noise ratio of Beam 1 dB 3
SNR. 2 Signal to noise ratio of Beam 2 dB 3
SNR. 3 Signal to noise ratio of Beam 3 dB 3
Angle Flow angle relative to X direction Degree 2
Tilt Mean wading rod angle during velocity Degree 2
measurement
Temp Mean temperature during measurement °C or °F 2
Bnd Boundary QC value n/a n/a
GPS Indicating if GPS was used during station n/a n/a

measurement

9.3.3 Data Collection Menu

Data Collection Menu allows the user to adjust measurement settings, view

measurement summary, perform automated beam check and complete measurement.
The data collection menu can be accessed between station measurements and this
ensures that the instrument is configured for current flow conditions present.
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Data Collection Menu screen consists of the 15:02 Data Collection
following functions that are available in Discharge

Stn L ”
Mode,
2 1]

M Summary

a) Settings,
b) Measurement Summary, # Automated BeamCheck
C) Automated Beam Check, 2 Complete Measurement
d) Complete Measurement, e

. 1.} W Discard Measurement
e) Discard Measurement, &
f) Go to Home Screen. B Add Station = Menu

g) To select a function, Figure 9:17 - Data Collection
Menu

i). Use the up or down arrow key to scroll through
the functions,

h) To open or CLOSE the data collection menu,
i). Press the Right Soft Key.

9.3.3.1 Settings

The Settings menu option gives the user access to the initial measurement settings that
were configured during the configuration of the general template.

Settings screen consists of the following functions for
configuring measurement settings,

15:04 Settings

. . 1 \Z] File Properties
2) File Properties, 1 @At

b) Data Collection Settings, Data Collection Settings
c) Quality Control Settings.

% Quality Control Settings

d) To select a function,
i). Use the up or down arrow key to scroll through
the functions,

4 Data Collection

e) To CLOSE the settings menu, Figure 9:18 - Settings Menu
i). Press the Left Soft Key.

The measurement settings functions supplied in the Settings option in data collection
menu are defined under Template Functions.

9.3.3.2 Velocity Summary

Velocity Summary from the data collection menu displays the mean velocity and other
variables measured from all completed stations. The velocity summary requires at least
one station with velocity measurements to populate the main variables in the table.
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Velocity Summary screen consists of tabular 18:00
summary of velocity and other variables measured up
to specific point,

Summary

Vel.X Mean
Vel.X Min

0.2119 m/s

a) Velocity Summary, Table 8:10.

b