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1 OVERVIEW
1.1 Background

The degree to which streamflow, or discharge, affects the structure of stream and river ecosystems
cannot be overstated. Stream ecologists consider discharge a master varialaleyiag xates of
discharge directly affect the physical, chemical, and thermal attributes of the stream ecosystems. High
flow events have the ability to entirely reshape the physical habitat of streams by repositioning large
woody debris, sediment, and baldrs within the active channel, or the active channel itself. Flow rates
often directly affect water temperatures, particularly during flood andtmw events (Poole and

Berman 2001). Surface water discharge rates directly affect flow through the hypartiee (space
between sediments in the benthic zones of streams) as well, where microbial activity is concentrated.
Consequently, discharge can directly affect nutrient cycling in streams (Grimm and Fisher 1984).
Because of these and other interactiongWween discharge and the physicochemical attributes of
streams, flow regime characteristics have been found to be significantly correlated with life history
attributes of streamdwelling organisms such as fishes (Mims and Olden 2012).

Flow regimes in strea and rivers worldwide are rapidly changing due to environmental stressors,
consequentially affecting the ecological services these systems support. Climate change impacts the
timing, magnitude, and severity of flood and drought events with profound camseces for lotic
ecosystems. For example, peak flows in western North American rivers are consistently occurring earlier
in the spring (Clow 2010) and these changes may significantly alter the habitat suitability for species
such as cutthroat trout (Zeigi@t al. 2012). Land use change from natural cover to hudwmminated
landscapes can also affect discharge. Impervious surfaces (such as roads and rooftops) in urban
landscapes transfer water directly to stream channels, resulting in elevated flood freiegesind

magnitudes (Schoonover et al. 2006). Agricultural lands may also impact flow regimes either by reducing
flows directly through withdrawals or elevating flow when soils become compacted (Dodds et al. 2004).
All flow regime changes associated wihd use substantially impact the biological communities that
reside in the receiving waters (Cuffney et al. 2010, Dodds et al. 2004).

Because discharge is fundamentally important to stream ecosystems, NEON will calculate discharge in all
rivers and strearsites within the Observatory. The discharge data product will be a crucial input to a
number of additional higtevel NEON data products, such as stream metabolism and nutrient fluxes.
Consequently, discharge represents a critical component in the NE@Ni@&\@bservation System.

1.2 Scope

This document provides a changentrolled version of Observatory protocols and procedures.
Documentation of content changes (i.e. changes in particular tasks or safety practices) will occur via this
changecontrolled document, not through field manualsrdraining materials.

Pagel
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1.2.1 NEON Science Requirements and Data Products

CKAA LINRBG202f FdA FAffa hoaSNBIFG2NE & O0irGigh@ed NI dzi N
Requirements System (DOORS). Copies of approved siengements have been exported from

S5hhw{ YR INB I @At o6fS Ay b9hbQa R20dzy¥Syid NBLRAA

Execution of this protocol procures samples and/or generates raw data satisfying NEON Observatory
scientific requirements. These data and samplesused to create NEON data products, and are
documented in the NEON Scientific Data Products Catalog (RD[03]).

1.3 Acknowledgments

b9hb FO01y26ftSRISa (KS OdINNByidi RSTAYAULGADS g2NJa 2y
{GFdA2yaes | eyTechriyGe’ 4nd MethGos Book{3daMadter A8, by D. Phil Turnipseed

and Vernon B. Sauer (2010) and Mueller, D.S., Wagner, C.R., Rehmel, M.S., Oberg, K.A., and Rainville,

Francois, 2013, Measuring discharge with acoustic Doppler current profilers fromiagnhoat (ver.
2.0, December 2013): U.S. Geological Survey Techniques and Methods, book 3, chap. A22, 95 p.
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2 RELATEDOCUMENTS ANACRONYMS
2.1 Applicable Documents

Applicable documentsontain highedevel information that is implemented in the current document.
Examples include designs, plans, or standards.

ADJ[01] NEON.DOC.004300 EHS Safety Policy and Program Manual
ADI[02] NEON.DOC.004316 Operations Field Safety and Security Plan
ADI[03] NEON.DOC.000724 Domain Chemical Hygiene Plan and Biosaf
Manual

AD[04] NEON.DOC.050005 Field Operations Job Instruction Training P
AD[05] NEON.DOC.004104 NEON Science Performance QA/QC Plan
ADJ[01] NEON.DOC.004300 EHS Safety Policy and Pragrsianual

2.2 Reference Documents

Reference documents contain information that suppatscomplementghe current document
Examples includeelated protocols, datasheets, or geneiaformation references.

RD[01] | NEON.DOC.00000{ NEON Acronym List

RD[02] | NEON.DOC.00024{ NEON Glossary of Terms

RDJ[03] [ NEON.DOC.00500] NEON Scientific Data Products Catalog

RD[04] | NEON.DOC.00127| NEON Protocol and Procedure: Manual Data Transcription
RD[05] | NEON.DOC.00164| General AQU Field Metadata Sheet

RD[01] | NEON.DOC.00000{ NEON Acronym List

2.3 Acronyms
Acronym Definition
ADCP Acoustic Doppler @rent Profiler
GPS Global Positioning System
LEW Left edge of water (looking downstream)
MBT Moving Bed Test
P&P Procedure and Protocol
REW Right edge ofvater (looking downstream)
USGS United Statesseological Survey
SDRC Stage Discharge Rating Curve
2.4 Definitions

Acoustic Doppler Current Profiler (ADCRB)hydroacoustic current meter used to measure water
velocity over a depth range using the Doppleeeffof sound waves scattered back from particles within
the water column.
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Area (A):The crosssectional area of a stream or a subsection of a stream. For a rectangular subsection,
it is the width times the depth. For an irregular cresesction, it is thesummation of a series of
subsection areas, or the width times the average depth.

Control: A specific section of a stream channel, located downstream from the staff gauge that controls
the relation between gauge height and discharge at the staff gauge.

Depth (D):The depth of the water column at a particular point, measured from the water surface to the
stream bottom.

Discharge (Q)streamflow) The volume of water flowing through a cregstion during a given period

of time, measured in units of volumeer unit time, such as cubic feet per second, cubic meters per
second, liters per second, gallons per minute, or deet per year. Discharge is computed as velocity x
area.

Left edge of water LEWY: KS SR3IS 2F (KS adNBIY GKIG Aa 2y GKS
downstream.

Rightedge of water REW§: KS SR3IAS 2F (GKS adNBlIY GKIG Aa 2y GKS
downstream.

Stage(i.e. stream height, water level) Height of a stream or riedative to a fixed point. Stage can be
measured at a single point in time by reading the water level on a calibrated staff gauge mounted in the
stream channel, or by using a weighted measuring tape to measure down from a fixed point to the
water surfaceStage can also be measured continuously with a pressure, optic or acoustic sensor, or a
staff gauge.

Stage Discharge Rating Curve (SDR@Egmpirical relationship (formula) between a stream stage and
the associated discharge at given stage, which allaienaated measurements of stage to be
converted to discharge.

Station:A location along the stream discharge measurement transect where velocity and depth are
measured and area and streamflow are calculated. Station, or vertical, spacing is dependeat on t
wetted width of the channel and velocity distribution throughout the transect.

Thalweg:The line that connects the deepest part of the active channel.

TransectThe stream crossection under the measuring tape stretched across the measuring sectio
along which velocity measurements are made to compute discharge.

Velocity (V):The speed of water flowing past a point along the transect, measured in units of rate, such
as liters/meters per second.
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Wetted Width: Width of a stream channel that contes water. As water levels fluctuate in streams, the
wetted width may as well, depending on the cresectional shape of the channel.
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3 METHOD

A continuous record of stream discharge is derived using discharge measurement and observed gauge
height data collected by field technicians and pressure data (convertsthtyg collected byn-situ

pressure transducers at each NEON aquatic site thabgoa wadable stream or riverOne component

in building a stagedischarge rating cuniavolves the measurement of discharge across a wide range of
stage levels bNEON fieldecologistsThese sampling events are known as discharge suri@ysharge

is a calculated metric obtained from a series of velocity and area measurements collected along a fixed
crosssectionin the strearor river (Figurel). Velocity and area measurements are then integrated into

a single value of stream discharge that is associated with the gauge height (or stage) during the
measurement.

Once the rating curve is established, and barring significant changes in channel logyplaosingle
measurement of water column depth in the stream channelis sufficient to estimate streamflow. Hence,
a pressure transduceslocated at a fixed location near the discharge cresstion and staff gauge is

able toyield a continuous estimate of stream discharge by measustinfacewaterpressure.

Each NEON aquatic site contains astieam staff gauge that is located in a fixed positioned near a
pressure transducer which automatically measures and logs absmlessure valuem-situ at one-

minute intervals throughout the yedor while water is present within thBydrologic unit) Absolute
pressure data is converted to raw depth using unique calibration coefficients. During each discharge
surveyfield ecologstsrecord gauge height. The raw depth values derived from the pressure transducer
are regressed against gauge height measurements collected throughout the water year to derive an
eqguation that transforms raw depth to stage. A continuous record of strdscharge is derived by
applying stagealischarge rating equations to continuous stage data.

The purpose of this protocol is to provide detailed instructions on how to successfully implement a
discharge surven wadable streams and riversT his involes predeployment and postneasurement
review, stepby-step field methods, data entry procedures, troubleshooting, instrument quality
assurance plans, and safety guidelines specific to NEON sites and personnel.

Two methods ar@resented for discharge sugysin wadable stream site¢1) using a handheld
flowmeter to measure discharge in the stream anpiU&ng an acoustic Doppler current profiler (ADCP)
to measure discharge from the streambank. The flowmeter method utilixetogity meterthat is
despned to measure the speed of water around the sensor tip, yielding an instantaneous localized
velocity measurementTo obtain an estimate of total stream discharge within the cresstion, the
stream is divided laterally into stgections. Within each $#esection, an instantaneous velocity
magnhnitude is obtained and transformed to a volumetric discharge magnitude by applying the velocity
across the full sulsection area.Total stream discharge is then calculated by summing up the discrete
volumetric dischrges for each subection. The ADCP method utilizes an instrument (ADCP) that uses
sounds to measure water velocity based on the DoppltascE The ADCP is mounted to a trimaran float
which is pulled across the discharge crsgstion while velocity atharea are continuously measured
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=

and total dscharge is calculated he conditions of use relating to each wadable discharge survey

YSGK2R N3 RSaAONAROGSR Ay RSl Af asthedol8 Ndansytonduét S R 2 Odzy
discharge surveyarivers. TwAADCRIeployment methods are presented to meet sampling gals

sites (1) deploying ADCP instrumentation from a piloted boat and (2) deploying ADCP instrumentation

from a remotecontrolled boat.

Wadeable Stream

Biology and Morphology Reach (1 km) . Legend

Sedi Reach (500 m)
Reaeration Reach (<500 m)

O Sensor Station

Water Chemistry Sampling
GE Groundwater Well
m Meteorological Station
. Riparian Assessment

;‘. Reaeration Drip

/\ Rearation Sampling

—— Discharge Sampling

Non-Wadeable River

Biology and Morphology Reach (1 km)

Reach (500 m)

|
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|
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I‘;_ |== e _ O (e
U L
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‘
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Figurel. Sampling locations at NEON wadable stream andwaatable river aquatic sites.

Standard Operating Procedures (SOPs3giction7 of this document, provide detailed stdyp-step

directions, contingency plans, sampling tips, and best practices for implementing this sampling

procedure. To properly collect and process samples, field technicians must follow the protocol and
associatedSOP5.4S b9hbQ&a LINRPofSY NBLRNIAYy3I aeaidisSy G2 NBa
implementing this protocol.

The value of NEON data hinges on consistent implementation of this protocol across all NEON domains,

for the life of the project. lis therefore essential that field personnel carry out this protocol as outlined

in this document. In the event that local conditions create uncertainty about carrying out these steps, it

is critical that technicians document the problem and enteritin NED&E LINBP o6 f SY G NI Ol Ay 3
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Quality assurancesperformed on data collected via these procedures according tONEB®ONScience

Data QualityPlan ADE]).
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4 SAMPLING SCHEDULE

4.1 Sampling Frequency and Timing

While the rating curve is under initial development, itis particularly important to perform discharge

surveys frequently in order to form the basis of the statyigcharge relationship. At wadable stream

arisSa bohbQa i NHEBri(24Mschaipe su®eys/aRnzdhiioveid asnilg iarge of stage

levels until Science haslidated thestagedischarge rating curver a given site Once the rating curve

Ad QFtARFGSRZI b9hbQa GFNBSG Aa G2 dza StimRsiparOKI NBS 3
year across a range of stages. Atriver sites, twelve (12) discharge surveys are to be completed annually

prior to and following rating curve establishmeiiplel). If necessary, the discharge sampling

schedule may deviate in order to conduct measurements at certain flow levels. In thesé-wdges

Science staff should work with Science through the appropriate channels that address scheduling

changes.

Once the ating curve has undergongitial developmentand validationthe stagedischarge

relationship must be verified over time, as ratingnayshift due tobed scour, aggradation, or other
changes in channel geometrifollowing each discharge survey, staff must compare the measured
discharge value to the predicted value derived from the rating equation. Consecutive discharge
sampling bous that yield discharge values greater than + 10% of the predicted value may be an
indication that the stagalischarge relationship at a given site has changed, or shifted. If Science has
determined that a rating shift is present, discharge sampling fraguat the sitemay need to be
increased for purposes of validation, alifthecessary, the creation akew rating equatios. Channel
morphology in streams with unconsolidated bed materaisexpected to fluctuate (to varying degrees)
on an annual andterm-event basis. As aresult, rating curves for these channel types will require more
frequent measurements than those for bedrock channels, which are more st&almpling frequency
details for each site will be provided in Domain Specific SamptlsigibdocumentationAppendix B.

Tablel. Required sampling frequency for discharge surveys at NEON aquatic sites containing wadeable streams

and rivers.
Aquatic Site Types Sampling Dates Sampling Bouts per Yea
Wadable Streams: preating curve establishmenl Yearround (as feasible 24
Wadable Streams: posating curve establishmer Yearround (as feasible 12
Riverspre- and postrating curve establishment| Yearround (as feasible 12
4.2 Criteria for Determining Onset and Cessation of Sampling

Certain criteria for determining the onset and cessation of samdinigpendent on the discharge
survey method These details are presented below.
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42.1 Sampling Cessatiorg Discharge Measurements at Wadable Stream Sites Using the
Flowmeter Method

At wadable stream sites, discharge sampling shioeldonductedaccording to the sitespecific interval

(24 times per year preating curve validation, 12 times per year p@ating curve validation)ising the

Flowmeter Methodunder the following conditios:

1. Wateris presentin the stream channel.

a. If wateris not presentin the stream chantie¢n a discharge measurement cannot be
conductedusing any available metho®ubmit an incident ticketto Science documenting
that the reach has gone dry.

2. ltis safe to enter the stream channel.

a. Reference AD[02] and any other Domajecific safety plans that detail thresholds for
workingin the stream.

3. The staff gauge is present and-disrupted.

a. Ifthe staff gauge is not present, or has been disruptiethaged, do not collect a discharge
measurement using any available method.

b. Submit a incident ticketto Science documenting this occurrence.

c. Note thatif a discharge survey is associated with a reaeration sampling event, discharge
should still be masured regardless of staff gauge presence.

4. Surface water to bedepth isbetween 0.04 and0.17 min >90% of the channel wetted width.

a. The ADCP s the preferred method to measure discharge at wadable stream sites due to the
high level of datguality the instrument provides. Howevehdhandheldflowmeter can
measure velocity at lower depths than the AD@Rking the IBwmeter methoda suitable
option to measure discharge during thdtra-low flow regime

b. The minimum depttior the ADCP will be determined on a sligsite basis as
SYGANRYYSyYylltf O2yRAGAZY A | FTS OsitesivitiSoughy a i NIzY S
streambeds (i.e. large boulders or coblie@ minimum ADCPegth will likely be greater
thanat sites with smooth beds (i.e. sand or small grav€pnsult with Science if there is a
gquestionas towhen to utilize the Flowmeter veADCFPnethod

c. There is no requirement for a minimum wetted chanwndth.

d. Discharge measurement qublis dependent on the continuous giile of water that
maintains a minimum deptand laminathroughout the majority of the discharge transect
(this should not include thehallowedge sections)

e. If needed, move smaller substrate and/or cobbles withindischarge transect to (1)
maintain hydrologic connection within the channel, (2) maintain the minimum depth
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requirements of the flowmeter, and (3) decrease the roughness of the streambedto
improve data quality (reduce uncertainty in depth measurements).

If larger debris is located in the discharge transect and cannot be moved, an alternative
discharge measurement location should be considered. Submit an incident ticket to Science
to document this occurrence and discuss a path forward.

If water depth $below this threshold and the discharge transect is dry, very nearly dry, or
hydrologically disconnected, submib ancident ticketto Science to document this
occurrence.

At higher stage levels ¢ I (i S NJ ROSITiA K/ 90%f the channel wetted width), the
ADCP method is to be useé&nvironmental conditions specific to the site will likely dictate
when the transition from the flowmeter to the ADCP method can occur §&ep 4aabove.
Consult with Science if there ijaestionas towhen to utilize theFlowmeter vsADCP
method

5. Minimal ice cover is present.

a.

4.2.2

LT GKS 61 GSNI AadNFIFOS Aa dafAdKGEe AOSRE 20SNJ

ice to clear/open um 1m width along the entire discharge transect, collect a discharge
measurement.

Record icepresenceand temporary hydrologic conditions in the appd indicate that
surface ice was broken in order to collect the measurement.

If the surfaceicé KA O]l ySaad Aa BHtreanidBchi&xge myaguieméne £ £ SO

Sampling Cessatioqg Discharge Measurements at Wadable Stream Sites Using the ADCP
Method

At wadable stream sites, discharge sampling should be conducted according to thpesiéic iterval
(24 times per year preating curve validation, 12 times per year peating curve validation) using the
ADCP method under the following conditions:

1. Wateris presentin the stream channel.

a.

b.

If water is not present in the stream channegétha disclarge measurement cannot be
conducted using any available method.

Submitan incidentticketto Science documenting that the reach has gone dry.

2. The staff gauge is present and-disrupted.

a.

b.

If the staff gauge is not present, or has been disrupted/damaged, do not collect a discharge
measurement using any available method.

Submitan incidentticketto Science documenting this occurrence.

Pagell

a



n e c) n Title: AOS Protocol androcedureDSQ; Stream Discharge Date: 03/16/2022
4 ) ®
'(-(‘ Operated by Battelle | NEON Doc.:#NEON.DOC.00108| Author N. Harrison Revision: H

c. Ifthe staff gauge is topped during high flows andischarge measurement can be safely
collected, attempt to mark or in some way reference the elevation of the edge of water
(only do soif this can be accomplished in a safe manner). A future survey of this location
(relative to the staff gauge) can prdei an estimate of gauge height during the
measurement.

d. Note thatif a discharge surveyis associated with a reaeration sampling event, discharge
should stillbe measured regardless of staff gauge presence.

3. Surface waterto bed depth 3~0.Y Ay x qmE> 2F GKS OKIyySt 4SGi!

a. The ADCP s the preferred method to measure discharge at wadable stream sites due to the
high level of data quality the instrument provides. However, the handheld flowmeter can
measure velocity at lower depths thahe ADCPmaking the Bwmeter method a suitable
option to measure discharge during the uhi@v flow regime.

b. The minimum depth for the ADCP will be determined on aljtsite basis as
SY@ANRYYSyiGlt O2yRAGAZ2Y A | T ¥Hitp Qisited vitSrough/ a i NHzY S
streambeds (i.e. large boulders or cobble) the minimum ADCP depth will likely be greater
than at sites with smooth beds (i.e. sand or small gravel). Consult with Science if thereis a
questionas towhen to utilize the Flowmeters. ADCnethod

c. There is no requirement for a minimum wetted channel width.

d. Discharge measurement quality is dependent on the continamgs laminaprofile of
water that maintains a minimum deptthroughout the majority of the discharge transect
(this should not include the shallow edge sections).

e. If needed(and it is safe to enter the channgipove smaller substrate and/or cobbles within
the discharge transect td) maintain hydrologic connectiowithin the channel, (2)
maintain theminimum depthrequirements specific to the ADCP at a given location, (3)
decrease the roughness of the streambed to improve data qu@litgrove bottom
tracking) and(4) minimize the unmeasured area at the bottom of the velocity profile

f. Iflarger debis is locatedin the discharge transect and cannot be moved, an alternative
discharge measurement location should be considered. Submit an incident ticket to Science
to document this occurrence and discuss a path forward.

g. Atlower stage levels (water 6l K A &mAX{ SYxn puwz 2 F G KS OKIFyy St g
Flowmeter method is to be used. Environmental conditions specific to the site will likely
dictate when the transition from the flowmeter to the ADCP method can occur$see 3a
above). Consulith Science if there is a question as to when to utilize the Flowmeter vs.
ADCP method.

4. Minimal ice cover is present.
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a. LT GKS 41 GSNJ adaNFI OS Aa aafAaKGfte AOSRE 20SNJ
ice to clear/open up a 1m widtalong the entire discharge transect, collect a discharge
measurement.

b. Recordice presence and temporary hydrologic conditions in the app and indicate that
surface ice was broken in order to collect the measurement.

c. LT GKS &adNFIF OS A0S (KAO]YSaEdnedsdremgnt M€ = R2 Yy 210
5. The ADCP passéiagnostics tests prior to the measurement.

a. Ifthe instrument does not pass diagnostic tests prior to measurement, do not collect a
measurement and submit a trouble ticket to Science.

6. SeeAppendixE.2for site-specific details on maximum depth thresholds which are dependent
on ADCP model type anddividual instrumentation configurations.

4.2.3 Sampling CessatiogDischarge Measurements at River Sites Using the Pil@ed Remoted
ControlledBoat Method

Atriver sites, discharge sampling should be conducted according to theséeific interval (12 times
per year) using the AD®#oted Boabr Remote Controlled Boamethodsunder the following
conditions:

1. Wateris presentin theiver channel.

a. Ifwateris not presentin the stream channeétha discharge measurement cannot be
conducted using any available method. Subamtincidentticket to Science documenting
that the reach has gone dry.

2. The staff gauge is present and-disrupted.

a. Ifthe staff gauge is not present, or has been disrdfidamaged, do not collect a discharge
measurement using any available method.

b. Submit aincident ticketto Science documenting this occurrence.

c. Ifthe staff gauge is topped during high flows and a discharge measurement can be safely
collected, attenpt to mark orin some wayeference theelevation of theedge of water
(only do soif this can be accomplished in a safe manner). A future survey of this location
(relative to the staff gauge) can provide an estimate of gauge height during the
measurement

d. Note thatif a discharge survey is associated with a reaeration sampling event, discharge
should stillbe measured regardless of staff gauge presence.

3. The discharge transect can be safely accessed usifiRaimote Controlled Boat Method:

a. ReferencAD[02] and any other Doma#specific safety plans that detail thresholds for
working on the near shore of the river.
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4. The discharge transect can be safely accessed usiigjltted Boat Method:

a. Reference AMR] and any other Domaispecific safety plans that detail thresholds for
operating a vesselin the river.

5. The ADCP passes diagnostics tests prior to the measurement.

a. If the instrument does not pass diagnostic tests prior to measurement, do not callect
measurement and submit a trouble ticket to Science.

6. Surface water to bed deptis between0.15and 25.0 My x k> 2F (KS OKF yy St
a. There is no requirement for a minimum wetted channel width.

b. Discharge measurement quality is dependenttbe continuous profile of water tha
maintains a minimum depth throughout the majority of the discharge trangda should
not include the shallow edge sections).

c. If water depth isoutsidethis thresholdsubmitan incidentticket to Sciencdghat documents
this occurrence.

4.3 Missedor IncompleteSampling

Samplingaccording to the schedule notalwayspossible and multiple factors may impede work in the
field at one or more plotsr sampling location®r a given bout. For example:

1 Logisticg e.qg., insufficient staff or equipment
1 Environmentc e.g., deep snotice cover excessivélooding, dangerous weather.
1 Managemengctivitiesge.g., controlled burns, pesticide application

Instancessuch as those listed abowveust be documented for scheduling, trackingg-term site
suitability, andnforming end userof NEON data availabilitfome types ofmissed sampling are due to
events that should be recorded in the Site Management;Agfer to the Site Management and Event
Reporting Protocdior more detai(RD[06].

Missed or Incomplete Sampling Terms
Terms that inform Missed or Incomplete Samplingude:

1 Protocol Sampling Date®Boutspecific sampling dates.
1 Scheduled Sampling DateBoutspecific sampling dates scheduled by Field Science and
approved by Science. These dates coincide with or are a subset of the Protocol Sampling Dates.
1 Missed Samphg: Incidence oscheduled samplinthat did not occur. Missed Sampling is
recorded at the same resolution as data that are ordinarily recorded.
1 Sampling ImpracticalThe field name associated with a controlled list of values that is included
in the dataproduct to explain a Missed Sampling eveme., why sampling did not occur.
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1 RescheduledMissed Sampling is rescheduled for another time withinghaocol sampling
dates resulting in no change to the total number of sampling events per year.

The docmentation that must accompany missed sampling depends on the timing, subsequent action,
and the audience appropriate for numerous scenarkigifre3).

Can sampling be

- Submit ServiceNow Incident <——No A atieds

Unsure—> - Submit Schedule Change Request

Yes

Rescheduled
within Schedule Sampling
dates?

Was sampling

Yes rescheduled?

Sample <—Yes

No

No

v

Rescheduled
within Protocol Sampling
dates?

Sample €«—Yes - Submit ServiceNow Incident

No
Y

- Submit Schedule Change Request

Schedule Change

Request Approved? Yes—>» Sample

Figure2. Missed sampling workflowfor the NEON discharge protocol.

To Report Missed or Incomplete Sampling:
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1. Missedor IncompleteSampling must beommunicated to Science by a Service Now Incident
ticket.

a. For Missed Sampling that is Rescheduled, there are some casesdbae approval by
Science and OperationBigure3).

b. The lead Field Ecologist should consult Eredayed or Cancelled Activities taibtebest
determine when reporting is required.

4.4 Estimated Time

Estimated time to complete the protocol is dependent on the type discharge survey method. Estimates
for each method are presented below.

4.4.1 Estimated Time; Discharge Measurements at Wadable Stream Sites Using the Flowmeter
Method

The timerequired to impement the protocol using the Flowmetenethod at wadable stream sitesill

vary depending on ®arietyof factors, such as skill level, system diversity, environmental conditions,

and distance between sample plots. The timeframe provided below is an gstbaaed on completion

of atask by aingleskilledField Scientisfi.e., not the time it takes at the beginning of the field season).
Use this estimate as framework for assessing progress. If a task is taking signifingetiyhan the
estimated time an incidentticket should be submittetb SciencePlease note that if sampling at

particular locations requires significantly more time than expected, Science may propose to move these
sampling locations.

Table2. Estimated stafénd labor hours required forimplementationihie Sream Discharge protocol using the
Flowmeter Methodat wadable stream sites

SOP Estimated Suggested | Totalperson hours
time staff
SOP A: Preparing f8ampling: Wadablg
Stream Sites Using tlidowmeter 10 minutes 1 0.2h
Method

SOP BField Sampling: Wadable Strea
Sites Using the Flowmeter Method
SORC: PostField Sampling Tasks:

Wadable Stream Sites Using the
Flowmeter Method
SOP D: Data Entry and Verification
Wadable Stream Sites Using the 10 minutes 1 0.2h
Flowmeter Method

30 minutes 1 0.5h

10 minutes(if

1 0.2h
necessary)
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4.4.2

Estimated Time; Dischargevieasurements at Wadable Stream Sites Using the ADCP Method

The time required to implement the protocol using the ADCP method at wadable stream sites will vary
depending on avarietyof factors, such as skill level, system diversity, environmental conditions, and
distance between sample plots. The timeframe provided below is an estimate based on completion of a
task by a skille@-3 person team (i.e., not the time it takes at the beging of the field season)ote

that many of the premeasurement tasks listed can be completed in parallel with one anothize this
estimate as framework for assessing progress. If a task is taking significantly longer than the estimated
time, an inailent ticket should be submitted to Science. Please note that if sampling at particular
locations requires significantly more time than expected, Science may propose to move these sampling
locations.

Table3. Estimated staff and lalvdhours required for implementation of the Stream Discharge protocol using the
ADCP Method at wadable stream sites.

SOP Estimated Suggested | Totalperson hours
time staff
SOP E: Preparing for Sampling: Wada :
Stream Sitgs Uging the A%CI% Metho 10-30 minutes 1 0.2¢0.5h
SOP Hield Sampling: Wadable Strea .
Sites Using the ADCP Method 30-60minutes 23 0.5¢1.5h
SORG: PostField Sampling Tasks: 10 minutes(if
Wadable Stream Sites Using the AD( necessary) 1 0.2h
Method
SOMH: Data Entry and Verification:
Wadable Stream Sites Using the ADCQ 10 minutes 1 0.2h
Method

4.4.3 Estimated Time; Discharge Measurements at River Sites Usingemote ControlledBoat

Method
The time required to implement the protocol using tfemote controlled boat methodht river sites will
vary depending on garietyof factors, such as skill level, system diversity, environmental conditions,
and distance between sample plots. The timeframe provided below is an estimate based on completion
of atask by a skilletivo-personteam (i.e., not the time it takes at the beging of the field season).
Use this estimate as framework for assessing progress. If a task is taking significantly longer than the
estimated time, an incident ticket should be submitted to Science. Please note that if sampling at

particular locations regjres significantly more time than expected, Science may propose to move these
sampling locations.
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Table4. Estimated staff and labor hours required for implementation of the Stream Discharge protocol using the
ADCP Method at rivesites.

SOP Estimated time Suggested | Total person hours
staff

SOP |: Preparing for Sampling: Riy

Stream Sites Using the Remote | 10-30 minutes 1 0.2¢0.5h
Controlled Boat Method

SOP J: Field Sampling: River Stre

Sites Using the Remote Controlleq 30-60 minutes 2 0.5¢1.5h

Boat Method

SOP K: Postield Sampling Tasks:

River Stream Sites Using the Remg
Controlled Boat Method

SOP L: Data Entry and Verificatiof

River Stream Sites Using the Remg 10 minutes 1 0.2h

Controlled Boat Method

10 minutes (if

1 0.2h
necessary)

4.4.4 Estimated Time; Discharge Measurements at River Sites UsingRileted BoatMethod

The time required to implement the protocol using théoted boat nmethod atriver sites will vary

depending on aarietyof factors, such as skill level, system diversity, environmental conditions, and
distance between sample plots. The timeframe provided below is an estimate based on completion of a
task by askilled tweperson team (i.e., not the time it takes at the beginning of the field seaddsg

this estimate as framework for assessing progress. If a task is taking significantly longer than the
estimated time, an incident ticket should be submitted3cience. Please note that if sampling at

particular locations requires significantly more time than expected, Science may propose to move these
sampling locations.

Table5. Estimated staff and labor hours required for implementatad the Stream Discharge protocol using the
Piloted Boat Method atriver sites.

SOP Estimated time Suggested | Total person hours
staff
SOP M Preparing for Sampling:
River Stream Sites Using tRéoted 10-30 minutes 1 0.2¢0.5h
Boat Method

SOP NField Sampling: River Streg

Sites Using thBiloted Boat Method
SORO: PostField Sampling Tasks
River Stream Sites Using tRédoted

30-60 minutes 2 0.5¢1.0h

10 minutes (if 1 0.2h

Boat Method necessary)

SOPP. Data Entry and Verification

River Stream Sites Using tRéoted 10 minutes 1 0.2h
Boat Method
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5 SAFETY

This document identifies procedwuspecific safety hazards and associated safety requirements. It does
not describe general safety practices or ssfgecific safety practices.

Personnel working at a NEON site must be compliant with safe field work practices as outlined in the

Operations Field Safety and Security Plan (AD[02]) and EHS Safety Policy and Program Manual (AD[01]).

Additional safetyssues associated with this field procedure are outlined below. The Field Operations

Manager and the Lead Field Technician have primary authority to stop work activities based on unsafe

field conditions; however, all employees have the responsibilityragitt to stop their work in unsafe

conditions.
1 Activities in streams should only be performed when flow conditions are safe.
1 Never enter the channel when it is unsafe to do so.
1 Beaware of the potential for downstream debris transport as stage increases.
1 Logs, debris, cobble, and boulders can be very slippery and unsafe to walk on.
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6 PERSONNEL
6.1 Training Requirements

All technicians must coptete required safety training as defined in the NEON Training Plan (AD[04]).
Additionally, technicians must complete protoegecific training for safety and implementation of this
protocol as required in Field Operations Job Instruction Training PI2jO%A.

Personnel should be:

1 Trained in Water Safety Awareness
1 Trained in making wading discharge measurements
1 Adept at wading in streams.
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7 STANDARD OPERATING PROCEDURES
SOP Overview
Workflow: All SOPs
Field SOP |- SOP A-D
Ultra low flow regime
(depth =0.04 -~0.17m* in >90% of the
/,/’ \‘\\\\\ channel)
,,"/ Wadable =minimum depth for ADCP method will vary by site
< Stream >
h Sites i
\ SOP E-H
~ Low — High flow regime
(depth >~0.17m* in >90% of the channel)
*minimum depth for ADCP method will vary by site
SOP I-L
A Low — High flow regime
[ARC-Boat is available and depth = 0.15 -
’ S 25m in >~90% of the channel)
% River .
~ Sites
9
~ r SOP M-P
~ Low — High flow regime
(ARC-Boat is NOT available and depth =
0.15 - 25m in >~90% of the channel)

Figure3. A high levelvorkflow diagram that visually shows how the separate SOPs are sequentially connected.

S0P A: Prepare

Wadable ‘Water present Yes— Staff gauge Yes— for Sampling,
Stream Sites inchannel? present? Flowmeter
Method
No No No Yes

Do not collect S0P E: Prepare

Measurement, for Sampling,
submittrouble ADCP Method
ticket

Figure4. Ahigh level workflovdiagranthat visually shows theorkflowfor wadable stream sites.
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Reduce smtion
spacing, increase
total verticals

Vertical depth Cne Point Method

<0.45m? @ E0% dapth
50P A: Prepare) S0P 8: Field
for Sampling, Checkflowmater » Sampling, Determine station |y Measure . Review
Flovmeter > settings * | Cotibrerefiowmeter Flowmeter ’ spacing discharge measurement
Method Method

No

Vertical depth Twa Point Method l
»=0.45m? —® | @20%andas
depth
Yes
S0P C:

Sampling Document

incomplete? » Incomplete
Sampling
No

50 D:Review

and Upload

Measurement ‘

File

Figure5. A detailed workflow diagram that visually shows the workflow for wadable stream sites usingthe
Flowmeter Method.

SOP A: Prepare
for Sampling,
Flowmeter
GFS
Methad

No
SOPE: Prapars Prep quipment, e Yes SOPF: Field R Confizure Conduct pre-
forSampling, 3 | asrablish Bluetcoth| — —» Sampling,  }— P 3 — | wisnerne | —* | measuemen
ADCP Method ADCP Method High Line St

Reference

No
Referance
Navigation:
E
S0P G:
Document
Incomplete
Sampling

1 |

Messured
S0P H: Dat Review transacts &
:Data
ntin
No measureme ity
Entryand WinRiver lland svslustaDekzQ
Verification ey values

Collect additionsl

transectpairs &

evaluste Datta Q.
values

Figure6. A detailed workflow diagram that visually shows the workflow for wadable stream sites usingthe ADCP
Method.
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SOP |: Prepare
for Sampling,
RC Boat
Method

Water present
in channel?

Yes— Staff gauge Yes— ARC-Boat Yes—
present? available?

SOP M: Prepare
for Sampling,
Piloted Boat
Method

Do not collect
ME3SUrEMent

Figure?. A high levelvorkflow diagram that visually shows the workflow for river sites.

S0P M:
Prepare for Reference
Sampling, Navigation
Piloted Boat GPS
Method
Yes
S0P I: Prepare’ Yes y
Prep equipment, S0P J: Field Conduct pre-
for samplin " -
RC B:.t & Y | establish Blustcoth — Sampling, RC Configure > ot M:wmr:?d
- Bt communications Boat Method WinRiver |Ifile anat resent?
No
Referance
g
S0P K:
Document
Incomplete
Sampling
Yes
Review Mezsure4
S0P L: Data Sampling +—— Yes transects &
- No «— measurement in
Entryand incomplete? WinRiver lland E"E‘“E"EDE“Q
Verification ORev values

Collect sdditional

transect pairs&

evalusts Dettal
values

Figure8. A detailed workflow diagram that visually shows the workflow for river sites using the Remote Controlled
Boat Method.
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S0P M:
Prepare for
Sampling,
Piloted Boat
Method

Prep equipment,
setup ADCP sarial
communications

Dischargecannot be
measured, submit
trouble ticket

!

No

ADCP
serial comms
established?

S0P P: Data
Entryand
Verification

Reference
Navigation: BT

use Loop Test
correction

!

Yes

S0P N: Field
Sampling, Configure

Piloted Boat WinRiver lIfile
Method

—

Conduct pre-
measurement
gAac

> Moving bed
Present?
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Document
Incompleta
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Review
measurement in
‘WinRiver |land

Q-Rev

No

Reference

Navigation: 8T

noLoop Test
carrection

«—— Yes
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values

Collect additional
transectpairs &
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Figure9. A detailed workflow diagram that visually shows the workflow for river sites using titedPBoat

Method.
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SOP A Preparing for SamplingVadableStream Sites bing the Flowmeter Method

A.l Preparing for Data Capture
Prior to leaving the office ensure that the following is met:

1 The flowmeter is fully charged.

1 All necessary equipment is gathered and pneggh(Table11. Equipment lisfor measuring
discharge at wadable stream sites using the Flowmeter Method.

1 If the site has an approved staglescharge rating curve, the current rating equation is available
for measurement comparison/validation.

A.2 Navigate to the Discharge Transect

If a discharge &nsect, or crossection, has already been established, the bounds should be
permanently marked using stakes or plot markers (one on each side of the stream). Navigate to this
location and proceed t&ectionA.3.

If a discharge transect has not been established at the site proceed with the following steps:

1. Determine an appropriate location to establish a discharge transect.

a. At wadable stream sitehietransect location must be located in the riffle habitat unit in
close proximity (just downstream) of the pool where the staff gauge and sensor set are
installed. Consult with Science if the sensor set location is unknown or has not yet been
established.

b. Anideal discharge transect will:

1) Belocated in areasonably straight channel with velocity lines that are more or less
parallel to each other.

2) Contain velocities that are, for the most part, > 0.15 m/s, and depths that are, for the
most part,> 0.15m.

3) Contain a stable streambed free of obstructions that would createeeqjdilack water,
and turbulence.

4) Contain measurement sections that are rougphraboic, trapezoidal, or rectangular.
5) Contain a stable downstream control feature.
c. Tale picturesof the transect location that best meets this criteria as well as the downstream

control feature and sendto Science for consultation.

A.3 Assess the Dischardeansect

Prior to collecting the discharge measurement identify any instrumentation or environmental issues that
would negatively affect data qualitypocument any temporary hydrologic conditions in {#€©S) Field

SO
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Metadata and Gauge Height [PROD] appultrum.If conditions are unfavorable to discharge
measurement collection, submit a trouble ticket and consult with Science.

Unfavorable conditions include, but are not limited to:

1. The staffgauge is either not present or has been displaced in some way

a. A discharge measurement should not be collected if a staff gauge is not present at the site
or the gauge has been displaced in any way. Submit a trouble ticket to Science that includes
photos of the gauge.

2. A pressure transduces either not present or has been displaced in some way.

a. A discharge measurementay be collectedn the event that the pressure transducer is
missing or has been displaced. However the absence of this instrument prevents
continuous discharge from beirggtimated. Submit a trouble ticket to Science immediately
if the Pressure transducés missing or has become displaced.

3. Too much water is present in the channel to safely conduct the wading survey.
a. Referto NEON Operations Field Safety and Sedlety(AD[02]) for details.
b. Consider using the ADCP method (Seetion4.2).
4. There is an insufficient amount of water in the channel to conduaioigl measurements.
a. SeeSectiord.2.1
5. Referto NEON Operations Field Safety and Security Plan (AD[02]) and NEON Operations Field
Safety and Sectyi Plan (AD[02] for further details.

A4 Setup Flowmeter and Configure Flowmeter Settings

Itis critical that the flowmeter settings are configured correctly in the handheld units. Incorrect settings
will negatively affect data quality and, in some instances, prestatda entry. Follow the steps below to
setup the flowmeter and ensure thabflvmeter settings are correct prior to measuring discharge.

The most common flowmeter currently at use at NEON aquatic sites with wadeable streams is the HACH
FH950. The following steps detail calibration procedures for this model. If another flownsateed
for discharge, consult with Science regarding configuration.

1. Attachthe flowmeter to the wading rod.

a. Ensure the hexagonafadingrod is attached properly to the rod base. The base and rod
screw together, tighten ifhe parts appealoose.

2. Attachthe velocity flowmeter to the mounting shatft of the wading rod, using the thumbscrew
(Figurel0).

SO
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a. Do not touch the tip of the sensor bulb, residue from oil on your fingers and hands can
negatively affect the calibration procedures.

Thumbscrew

’4

FigurelO. Velocity meter and the thumbscrew that attaches it to the wading rod.

3. ¢dNYy GKS Fi26YSGUSNI 2y o6& LINBaaAay3d yR K2f RAy3
handheld instrument. Note that the meter may first run a diagnositieck to ensure it is
connected to the sensor. Once complete, the Start Menu will appear on the séiigengll).

Ok / Enter
On/Off

Arrow

Go Back
1 page Keys
: Main
— Menu
Delete /

Backspace

Figurell. HACH FH950 flowmeter with displayed Start menu.
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4. Set Measurement Units.

a. CNBY UKS {U0FNI aSydzz aStSOl a{Sldza¥ | yR LINBa

b. {St SO0 @a2NB¢ i GKS o02GiG2Y 2F (GKS AONBSyo®
c. {StSO00G a!yArAdaé YR LINBaa hvo
d {St SO0 aaSiNAROE¢ |yR LINBaa hyo

e. | YRSNJ GKS & {aSINBDBly =F daySIiS\Q@ly ¢+ St 20A 08¢ | YR LINI

f. {StSO0G avYkaé |yR LINB&a hvyo

g. ¢KS at I NF YSGSNBR adzOO0SaafdAte al gSRé aONBSy 4
h. { St SO0 aFt28é IyR LINBaa hyo

. {StSO0 aftAGSNAKkaE YR LINBaa hvYo

. ¢KS datl NX YSGSNRER &dz0@psad PadsDR. 4 SR aONBSyYy ¢
k {St SO0 aRSLIIKE YR LINBaa hyvyo

. {StSO0 aYé¢ YR LINBaa hvyo

m ¢KS atl N YSGSNAR adz00SaatdAdte al dSRé aONBSy ¢
n. {St SO0 alFNBIé¢ FyR LINBadAa hyYyo

o0 {StTSBIIFR LINBaa hvyo

p. ¢KS datl NI YSGSNER &4dz00Saataddke &l 9SRé aONBSy ¢

g. Once all units have been set correct, press OK.

5. Set Filter Parameters.
a. CNRPY (GKS {0GFNI aSydz aStSOiG a{SiGdzZ¥ IyR LINBa
b. { St SO0 aCAfGSNItINIYSGSNERE YR LINBaa hyo
c. {StSOG adalAy FAEGSNE |yR LINBaa hvyo
d { St SO0 GCAESR tSNA2R ! @SN IAyITé YR LINB&a hy
e. InavlN} 3Ay 3 (GAYS 62E>X SYyiGSNILF @l fdzS 2F anné 04&:°

1) This is the amount of time the flowmeter will spend averaging the velocity

measurements.
f. ¢KS Gt N} YSGSNE adO0O0Saafdfte al ¥SRé AONBSy ¢
9. / KSO1 GFA TG0 SINENBA the dSta/dcquisitdiord A £ G SNJ NI y1 Aa asi

1) These are default values and should not be changed.
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6. Set Flow Calculation Method.
a. CNBY G(GKS {dGFNI aSydzz &aStSO0G a{Siddza¥ I yR LINBa
b. {St SO0 @a2NB¢ i GKS o02GiG2Y 2F (GKS AONBSyo®
c. {St SO0 aafzyE /IIYIROdZANISHE & hY ®
d {StSOCaS®aARye yR LINBaa hyo
e. ¢KS at I N YSGSNBR adzOO0Saafddte al gSRe¢ aAONBSy 4
7. Set Station Entry Method.
a. CNRY (GKS {0GFNI aSydzz aStSO0G a{SidzaX IyR LINBaA
b. {St SO0 aa2NB¢ i GKS o02Gid2Y 2F (KS AONBSyo
c. Selecta { GF GA2Y 9YyGNBE YR LINB&A& hYo
d { St SOCAEBRY | YR LINB&& hYO
e. ¢KS at I N YSGSNBR adzO0SaafdAte al gSRé aONBSy 4
8. Set Measurement Resolution.
a. CNRY (GKS {0GFNI aSydz aStSOG a{SiGdzZ¥ IyR LINBa
b. { St SO0 aaz2NB¢ G GKS o02d0i2Y 2F (GKS aoON
c. Seled daSladNBYSyid wSazfdziAzyé¢ yR LINB&aa hyo

d {StSOG anodonnmé Iy INE &

—

R & hyo

e. ¢KS atl NI YSGSNER &adz00SaafdAdte &l gSR¢ aONBSy ¢
9. Set AuteZero Mode.

a. CNRPY (GKS {0GFNI aSydz aStSOiG a{SiGdzZ¥ IyR LINBa

b. { St SO0 a! dzi2z %SNR 5SLIIKE YR LINBaAad hyYo

c. {StSGIH ¥Ry LINB &

d ¢KS datlF NFYSGSNBR &adzO00SaafdAdte alF gSRé aONBSy 4
10. Set EMI.

a hyo

a. CNRPY (GKS {dFNI aSydz aStSOiG a{SGdzZ¥ IyR LINBa
b. { St SO0 a9alLé¢ IyR LINBaa hvyo
c. {StSO0G acnll ®é yR LINBaa
d ¢KS at | NF YSGSNARA adz00SaaFaddKe al @
11. Set Wet/Dry Threshold.

(V)]
puly
m
ax
O
p
&
(V)
<
Q
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a. This is the trigger point for the meter to know when the sensor is out of the water.

g.

This is important because if the meter does not know that the sensor is under the surface of
the water, the meter sets the velocity valte zero.

CNRY (GKS {GFNI aSydz aStSO0 a{SidzX | yR LINBA
{St SO0 a2SGk5NE ¢KNBaK2fRé |yR LINB&aa hvyo
{StSO0 a5STFldA (¢ o0@FtdzS I' Wwno +FyR LINBS&aa hvyo
If the specific conductivity of the water is very I¢ve. < 15 us/cmalthough specific

conditions may vary by sit&é)e flowmeter may not function properly and this value will
need to be adjusted.

1) Anindication of this problem is when the flowmeter measures 0.00 velocity rates in
flowing water.

2) To troubleshoot:
a) hoGUllAyYy | AGaRNEB O2yRdzOGAGAGEe NBIRAY3IE HAGK
b) hotGl Ay I agSiG O2yRdzOGAGAGE& NBdbiRkey 3¢ oA 0K

stream water.

c) Set the Wet/Dry threshold value toidpoint, or averag@ ¥ (G KS G RNEE | YR 6
conductivity reading values.

d) Conductivity fluctuates with stream stage. If you change this value be sure to
update it again during the next disclipr measurement based on current
conditions.

3) If problems persist
a) Documentout of the ordinary conductivity conditioria the Fulcrum metadata app
b) Submit atrouble ticket to Science.

¢KS atl N YSGSNAE &adz00SaafdZte al gSRé

ax
O
Z
&
(0p))

<
[}

12. Sa Clock.
a. CNRY (GKS {0GFNI aSydz aStSOG a{SiGdzZ¥ FyR LINBa

b

a o

®

{StSO0G a/t201¢ YR LINB&aa hyo
Follow the instructions to set local time and current date and press OK.
¢CKS atl N YSGSNE adz00SaafdAZfte al dSRé aONBSy ¢

Update Clock settings teflect periods of daylight savings time.
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Calibrating the Flowmeter

FTE26YSOSKE { XdeNdl (SREGLBNENI 2 YSFadNRAYy3I RAEOKI
currently at use at NEON aquatic sites is the HAG86BH The following steps detadldration

calibration instructions.

To calibrate the HACH F30 flowmeter:

1.

N oo 0 &

o

Fill a 5gallon bucket with water from the stream you will be measurirggbarge. Using the

20t gl 0SNI gAff SyadNBE GKIFIG G§KS A2yA0 aGNBy3Ii

being measured.

Place the velocity meter in the water. Keep the sensor bulb positioned in the center of the
bucket (or as close to it as possible). The sensor bulb must be kept a minimdmcbés from
the sides and bottom of the bucket as well as the surface of theemwa

Allow water settle for 12 minutes to stabilize. Water in the bucket must remain still throughout
the calibration process.

¢dNYy 2y GKS KIYyRKSfR Ff26YSGUSNI YR aStSoi
{StSOG a+St20AiG8& /FEAONI GA2YED
{SEtSO0 a%SNR /I ftAONI GA2YyE D

Allow the flowneter to cycle through a calibration reading and, once complete, verify that the
unit reads a velocity of 0.00 m/s. Note th@t00 m/s is acceptable.

If the calibration velocity is 0.00 m/s, return to the main menu on the handheld flowmeter.

If the find calibration velocity does not equal 0.00-6r00 m/s at the end of the calibration
cycle (100%), repegtevious calibration steps.

a. Reasons for calibration errors may include:
1) The sensor bulb tip was touched or is dirty and needs to be wiped difandlry cloth.
2) Flowmeter batteries are low.
3) The water in the fallon bucket was shifted during the calibration procedures.

4) The sensor bulb tip was too close to the bucket edges or the water surface during
calibration procedures.

b. If, after five attempts, lhe flowmeter cannot be zeroalibrated, the flowmeter should not
be used and discharge should not be measured.

1) Submit atrouble ticket and consult with Science.

2) If possiblause another flowmeter to measure discharge that can be xaldrated
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SOPB Field SamplingWadable Streansitesusing the Flowmeter Method

B.1 Setting up the Discharge Transect and Delineating Station Spacing for Depth and Velocity
Measurements

Discharge surveyst NEON wadeable stream sites are to be measured from the right to left bank,
looking downstream. Velocity measurement stations are to begin at the right edge of water (REW) and
extend to the left edge of water (LEW).

To ensure high data quality is collected, velocity measurement stations must be spaced correctly across
the stream discharge transect. To determine proper station spacing across a transect, field ecologists
must first assess the relevant hydrologic coiwfis present at the time of the discharge measurement;
specifically, streamflow magnitude, water surface elevation, and wetted width. The overall goalis to
establish as many velocity measurement stations as possible to obtain a complete adsteibiited
velocity profile throughout the crossection. However, stations must not be set so close so that
subsequent stations measure the same velocity profile. The location of velocity measurement stations
do not need to be equally spaced across the trahs®&ather, the locations should be more closely
spaced where water velocity and depth are changing most rapidly (this is often at the center of the
channel and/or near the banks) to ensure that no more than 10% of the total discharge occurs within a
singk velocity measurement station.

Use the following steps to consider how to best space stations across the discharge transectgiven the
dynamic nature of stream conditions within the monitoring location.

1. Attachthe measuring tape to the permanent staketbe right bank and extend it across the
stream so that is perpendicular to the flow. Attachthe opposite end to the permanent stake on
the left bank.

2. Assess whether streamflow appears to be relatively uniform across the channel. Note the
location of any norlaminar (water is flowing in neparallel vertical layers) streamflow
conditions.

3. Measure the wetted width within the transect (the distance between the REW and the LEW)
and determine station spacin@#éble6).

a. If the wetted width is >2.00m
1) Divide the transect into roughly 285 sampling stations.

2) Space stations evenly and at wider intervals where flow conditions are homogenous and
more closely together where flow conditions are ntaminar Figurel2).

3) Maintain a minimum 0.05m station spacing to avoid duplicate measurements between
stations.

A s 4 A x

b. L GKS ¢SGR 6ARIGK A& X Hdnn
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4. Discharge measured at a single station should not exceed 10% of the total measured discharge
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1) Divide the transect into as many stations as possible without duplicating measurements

between stations
a) Maintaina minimum 0.05m station spacing

b) Obtaining 225 stationgmay notbe possible in very narrow iamsso less
sampling stations are permitted.

c) Thegoalis to obtain a wetlistributed velocity profile while avoiding duplicate
measurements between stations.

across the transect.

a.

If nonruniform flow conditons are present (more concentrated areasigih flow within the
transect):

1) Increase the number of sampling stations so that a higher number of stations are
concentrated along the part of the transect with greatest flig(rel3).

a) This will aid in distributing discharge measurements across a greater number of
stations.

5. Proceed with discharge meaement collection once stationidths have been pragrly set.

Table6. Station spacing of the discharge transect relative to wetted width using the Flowmeter Method at
wadable stream sites.

Wetted
Width (m)

Station Spacing

%?2.00

Divide the transect into as mamyations as possible without measuring duplicate velocit
profiles between stations. Maintain a minimum 0.05m station spacing. Obtainiag 20
stations may not be possible in very narrow streams. A single station is not to accoun
>10% of the overatotal measured discharge

>2.00

Divide the transect into roughly 286 sampling stations. Space stations evenly and at W
intervals where flow conditions are homogenous and more closely together where floy
conditions are nodaminar. Maintain a mimum 0.05m station spacing to avoid duplicat
velocity measurements between stations. A single stationis not to account for >10%
overall total measured discharge.
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Figurel2. Example ofvell-distributed stations across a discharge transect at a wadable stream site using the
Flowmeter Method. Note that laminar flow is assumadhis exampleSGS12 represent stations and dashed

rectanglesrepresent susections.

Sampling
Points

Left Edge of Water

Figurel3. Example of uneven station spacing across a discharge transect at a wadable stream site using the

Flowmeter Method. Note that notteminar flow is assumed in this example.

B.2 Proper Techniques and File Setup

When collecting a diseénge survey in a wadable stream using the Flowmeter Method the wading rod is
0KS 2LISNI 02N 6 i

G2 0S KStR RANBOUfE AYy FTNRYyG 27

sensor bulb on the flowmeter must be pointed directly upstream into the #nd perpendicular to

meter tape.
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Do not stand upstream or downstream of the velocity meter but rather to the side (i.e. towards the right
bank). Standing directly in front of or behind the flowmeter would create conditions that would cause
errors in the velocity readings.

To set up adischarge file on the handheld flowmeter:

1. Turn the unit on by holding on the ON/OFF button.
2.LY GKS YIAYy YSydz aStSOG at NPFAESNE FyR LINKaa
3. ' YRSNJ a9y dSNI hLISNI (2 NJ ihitialstiatiscoll&cyingHe MeaduieBienti S OK y A (
and press OK.
4, { St SO0 a{iNBIFIYEé YR LINBXaa hyo
5. { St SO0 a9yiSNIylFYS F2NJ {GNBIY¢ IyR LINKaa hyo
6. Entertne4f SGGSNI aAGS O2RS F2NJ GKS adNBFY yIFYS 0A®S
a. Note: Special characters, numbers, or any other deviations from4b#dr site code will
prevent the discharge file from being uploaded.
7. {StSOG a9ydGSNI{GF3S wSFSNBEYyOS¢ IyR LINKaa hvyo
a. Note: Discharge should not be measured if a staff gauge is either not installed, or is

displaced at the siteThe only exception is if disclgger is being conducted during a
reaeration sampling bout.

b. Submit atrouble ticket to Science.
8. Enter the water level on the staff gauge.

a. Note: During periods of moderate to high flow, waves may be creating fluctuating water
levels at the staff gauge.

b. Inthese instances observe where the water level hits the gauge at the highest and lowest
crest and record the value between those as thegs reference value.

c. Submit atrouble ticket to Sciendfehe accuracy of a staff gauge measurement is in

guestion

B.3 Collecting Velocity and Depth Measurements

Once station spacing has been determined, navigate to the first station (01) along thetayatext the
right edge of water (REW) to begin the discharge measurement. Assess whether the right bank is
undercut or not and follow the appropriate steps to begin the discharge measurement.

Setting the first station if the right bank is undercut:

1. EM1 SNJ 9ORISKkhoaGNUHz2OGA2Y ' awAIKGES a GKA& Aa |
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{StSO0G a5Aa0d ¢2 +SNIAOKTtE¢ @I fdSo
a. Estimate where the edge of water is located along the meter tape and enter this value.

{2YSGAYSa A0Qa KSf LJFdzA  (rodl undei thelbiink & BetlzMIthT 2 2 G 2 N
this estimate.

OYUSNIF {GFGA2y 5SLIK 2F nodnnyY yR aStSO0 a{Si
Note that with a depth of 0.00m entered the flowmeter will not allow you to measure velocity.
{ONRif R2gy (2 G§KS aONSBBlotitylatyhe nextStatiBnOG ab SEG ¢ :
Place the next station (02) just outside of where the bank meets the edge of water. Choose a

station location that is close to the bank but allow some space so that the bulb of the flowmeter

is not touching the side of theank. Keep in mind that the velocity measured at this location
will be extrapolated to the right edge of water.

Continue toStep 3below to measure velocity at stgiations across the transect towards the
left bank.

Setting the first station if theight bank is not undercut:

1.
2.

O9YyGSNI 9RISKkhoalGNHOGAZ2Y T awAIKGET & GKA&A A
If prompted, ¢/ 4 SNJ 9 RIS CI OlU2NI T dandtpéd ¢KAA Aa
aguatic sites.

{SEtSO0 a5Aal0d ¢ 2 evabddheredhe Statiorddcdtiatzfiks alon§ Widintetdd (i K
tape.

S

A oax

Determine the station depth.

a. Position the base of the flowmeter rod flat on the bottom of the streambed and note where
the stream surface meets the graduated marks etched into the flowmeder r

b. Graduated marks are etched into the flowmeter hexagonal rod to allow for water depth
measurement.

1) The marks are delineated into 2 cm (one band mark), 10 cm (two band mtmks
bottom double band), and 50 cm (three band marks).

c. Water depth measurements should be rounded to the nearest 1 cm.

d. If needed, practice this step prior to collecting the discharge measurement in order to
familiarize yourself with the increments.

e. LT GKS olyl Fy3tsS Aa y dddepirdskypicaldy zdérajas thikiS & G SN
the point where the water meets the surface.

1) A depth of 0.00m should then entered and velocity cannot be measured.

a) Ifthisis the case press OK and proceed to the next station.
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5 { St SO0 a{Si 5 eplivélue atihe steighli SNJ G KS R

6. { St SO0 aaSladNBE +Sft20A08¢ O0AFT RSLIK BndnnyYo

N

a.

C.

Determine Velocity Point Method: ofgoint (60%), or twepoint (20% and 80%]Y &ble7).

If station depth is <0.45m, collect a opeint velocity measurement @0%of the depth
below the surface.

This velocity measured at this point of the water column is assumed to equaigaa
velocity within the sampling station.

SeeSectionA.5.2for instructions on setting the flowmeter rod to the appropriate depth.

8. If station depth is >0.45m, collect a typoint velocity measurement &0% and 80%f the
depth below the surface.

a.

The average of these two measurements in assumed to equal the mean velocity within the
sampling station.

SeeSectionA.5.2for instructions on setting the flowmeter rod to the appropriate depth.

Onepoint (60% depth) and twpoint (20% and 80% depth) mearements are relative to
the stream surface equaling Om.

1) For example, if station depth = 0.50m, the first of the tpant velocity measurements
(20%depth) would be collected 0.10m below the water surface, or 0.40m above the
streambed.

2) The second dhe two-point velocity measuremenBQ%depth) would be collected
0.40m below the water surface, or 0.10m above the streambed.

9. {StSOG ahyS t2Ayildé¢ 2N a¢g2 t2AyGé +=St20A08

10. Set the wading rod to appropriate depth.

a.

The wading rod mst be adjusted in order to set the velocity meter at the correct depth in
the streamflow Figurel4).

The round sliding rod (located behind the hexagonal rod) is used to set the measurement
depth and is scaled with 0.10m graduations from top (0.00m) to bottom.

A smaller scale on the handle of the hexagonal fixed rod is used ttufieethe depth, and
is scaledvith 1 cm graduations (0 to Ond).

11. Listed below are three examples on how to collect velocity measurements at desired depths on
the wading rod SeeSectionB.1to determine the amount and locations of velocity
measurements required for various water depths in the field.

a.

OnePoint Velocity Method: 60% Depth, Station Depth = 0.36m

1) The onepoint velocity method requires no calculations by the user.
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2) Line up the 3 on the sliding rod (represents 0.30m total station depth) with the 6 on the
handle of the fixed hexagonal rod (represents 0.06m total station depth).

a) Coupled, these two g8ngs set the flowmeter at 60% of station depth 0.36m.
b. TwoPoint Velocity Method: 20% Depth, Station Depth = 0.72m

1) Multiply the station depth by two (0.72 *2 = 1.44 m) and round to the nearest
centimeter (1.44).

2) Line up the 14 on the sliding rod (resents 1.40m of the total station depth) with the 4
on the handle of the fixed hexagonal rod (represents 0.04m of total station depth).

a) Coupled, these two settings set the flowmeter at 20% of the station depth at 0.72m.
c. TwoPoint Velocity Method: 80%epth, Station Depth = 0.72m

1) Divide the station depth by two (0.72 / 2 = 0.36 m) and round to the nearest centimeter
(0.36).

2) Line up the 3 on the sliding rod (represents .30m of the total station depth) with the 6
on the handle of the fixed hexagonalt (represents 0.06m of the total station depth).

a) Coupled, these two settings set the flowmeter at 80% of station depth 0.72m.

12. Once the flowmeter has been set to the correct depth and the correct velocity method has been

St SO0SRx &S théShaniheld flownelerdzNdgSgin m2asurifig velocity.

13. The screenwill display a graph showing the instantaneous values and the progress of the
reading.

14. If velocities appear to be inaccurate or are fluctuating > +5%, repeat the reading.

15. If repeated velotty values seem inaccurate or are fluctuating >5% during the measurement
collection, consider the following causes:

a. Streamflow is turbulent. Increase the Fixed Period Averaging Time to 60 seconds in the
Filter Parameters settings (S8ectionA.4).

b. There is an obstruction immediately upstream or downstream of the station location. Move
the station location so that is not directly above or below ttestruction and try another
velocity measurement.

c. Flowmeter was not calibrated correctly. Ralibrate flowmeter and start discharge
measurement over.

d. Flowmeter is low on batteries. Replace batteries in flowmeter and repeat measurement.

e. Ifyou cannot dignose the source of the problem, continue discharge measurement and
submit a trouble ticket explaining the issue.
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f.  Once the measurement has been completed (minimum 40 seconds) press OK to save data
and move to the next station location.

16. Move to the next stion location and repea$teps 316. Note that you will not need to enter
an Edge value as these stations should be in open water environments (not along the edge of a
bank or near an obstruction).

17. If the left bank is undercut:

a. The second to last statioshould be located just outside of where the left bank meets the
edge of water.

b. Choose a station location that is close to the bank but allow some space so that the bulb of
the flowmeter is not touching the side of the left bank.

c. Keep in mind that the velocity measured at this location will be extrapolated to the left edge
of water.

d 9YGiSNI9R3ISKkhoalGNUHzOGA2Y ' 4[] STié o
e. {StSO0 a5Aalid ¢2 +£SNIAOITtE¢ @I fdsSo
f. Estimate where the left edge of water is located along the meter tape and enter this value.

1) {2YSGAYSa AGQa KSt LIFd G2 adGAOl e2dz2NJ F22 1
with this estimate.

g. 9YGSNI I {dGFrdGA2y B5SLIUK 2F nonnyY FyR aSt SO0 af

1) Note that with a depth of 0.00m entered the flowmeter will not allow you to measure
velocity.

h. Proceed tdStep 19
18. If the left bank is not undercut:
a. Entero R3ISkhoa G NWzOGA2y ' a[ ST
b. { St SO0 a5AaiG® ¢2 *xSNIAOIFf¢ @I fdSo
c. Entera Station Depth (enter 0.00m if the bank angle is negligible).
d. Measure velocity (if possible).
19.hyOS8 (GKS [92 adGlGAz2y KFa 058y O2YLX SGSR: aSf &
a. Obse®@S &/ KIFyySt {dz¥YYlFI NB¢ IyR @GSNATFE GKI G dzyAi:

b. Verify that the last graph does not contain any red lines (a given vertical contains >10% of
total discharge).

1) If possible return to the station that contains >10% dischargeiasertan addtional
station nearby so that the total discharge per vertical is reduced.
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Table7. Velocity point methods based on station depth usingthe Flowmeter Method at wadable stream sites.
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2) Note that this may not be possible under certain{aw conditions.

{StSOU a4{I oS 5Fu4t

completed.

OYGSNI ablYS 2F CAfS¢o

YR 9EAGE @ ¢KAA A&

Use a unique file name to delineate discharge measurement in the following format
G----aab5¢ BGKSNBY

XXXX=RAIAOG aArds

L5 0

MMDD =month, date of measurement

APS® aD!L[é0

9ELF YLX SY aD! L[ ncpHT €

1) The flowmetersoftwareonly allows 8 chareters to be used for each filename which
makes it not possible to enter the year of the measurement. As such, at the end of each

calendar yeardelete all measurement files on the flowmeter, only after ensuring that
each file on the flowmeter has been erly saved on the AOS dropbox and uploaded

onto the SOM portal.

Stream Depth at
Measurement Location

Velocity Point Method

< 0.45 meters

One point- 60% of Depth

X noénp YSUY Two

point- 20% and 80% of Depth

Sliding Handle

Total Depth: Rod Number
0.72 meters Number |
|
20% Depth \ / |

Total Depthx2=1.44m =14, 4

60% Depth

Total Depth =0.72m=7,2

80% Depth

Total Depth /2=0.36m =3, 6

Total Depth:
0.72 meters

Flow Direction

80%
Depth

il siding
Rod

Figurel4d. Wading rod adjustments at 60% (epeint), and 20% and 80% (twmint) depths. Station depth =

0.72m.
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B.4 Evaluating the Discharge Measuremeintthe Field

Following the discharge survey, theasuremenfile must be evaluate@oth in the field prior to
leaving the site and again in the office prior to uplodd addition toimpacts todata quality, ertain
errors in the discharge file will prevent the file from being uploaded.

The following criteria must be checked prior to leaving the field site (described in detail below):

1 Potential data entry and configuration errors in the measurement file

1 Perentage of total discharge measured at each measurement station

1 Measureddischarge vs. predicted discharge using the siggpharge rating curve equation (if
available)

Check for the following data entry and configuration errors in the measuremefgit#e leaving the
site:

1. Sation (or location) values are increasing from the right (the first station) to the left (the last
station).

2. 5SLIK QFftdSa 6SNE SYiSNBR O2NNBOiUf& 0AdSd OKSC
3. Depthvalue at a given stationléss than 10 times greater than the preceding station.
a. If this error occurs than stations were likely set too far apartin the transect.
1) Additional velocity measuremesshould be collected between stations.

2) Other than at the left/right edges, zero depth values (0.00m) should not be present
within the discharge transect as continuous, laminar flow is desired throughout the
crosssection.

3) Consider clearing the cros®ction of larger cobble in order to conrigbe transect
hydrologically or move slightly upstream or downstream to a cs¥ssion where water
is flowing uniformly (more or less) across the transect.

a) Never measure discharge in a cressction that is under a different hydrologic
control than thestaff gauge and pressure transducer.

b) Submit atrouble ticket to Science if the discharge transect was temporary re
located to facilitate these conditions.

The stream profile name was entered correcthg{dit site code).
The stage reference value wastered correctly.

All units were set correctly.

N o 0o &

The filter parameter was set correctly in flowmeter settings (minimum 40 seconds).

Evaluate the total percentage of discharge collected at each station before leaving the site:
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NEON uses the migkction method to compute stream discharge. Inthis methoddikeharge

transect is divided into rectangular sglections. The subection area extends laterally from half the
distance from the proceeding station to half the distabhcé¢he next station. The width of the sub
section (variable across the transect) is calculated by subtracting the distance to the previous station
from the distance to next station, then dividing by 2. The area of thesgghion is the width of the sub
section times the depth of each station. Discharge per station equals theeuilon area times the
measured velocity. The total discharge is the summation of the disclofedlestations.

Mostflowmeter models (HACH FH950) automatically calculigeharge per station and total discharge
per measurement. Ideally, no more than 5% of the total measured discharge should be measured
within a single station, but this can be difficult to achieve in small streams with narrow or irregular
channels.In the flowmeter Channel Summary screehg colors of each graph bardicate the

following conditions:

1 Green: 5% of total discharge was measured at the station
1 Yellow: 510% of the total discharge was measured at the station
1 Red: >10% of total dischargeas measured at the station

In general, no more than 10% of the total measured discharge should be measured within a single
station. Following the discharge measurement, check the file to verify that this has not oc(ihised
functionality may not be avtable dependingon the make and model of the flowmeter).

If it is observed that >10% of the total discharge was measured in one or more stations:

1. If>10% of the total discharge was measured in one or more ssiti@ireams with a wetted
GARGK X HYY

a. Reduce station spacing by increasing the total number of stations withinthe discharge
transect.

1) Concentrate additional stations in areagh more concentrated flonimaintain a
minimum station spacing of 0.05m)

2) This requirement may be very difficult &zhieve in shallow, narrow, and/or irregularly
shaped stream channels.

2. If, despite these attempts, >10% of the total discharge is still collected in more than one station:
a. Save and upload the discharge measurement.
b. Submit atrouble ticket to Scientlat documents thi®ccurrence

Check the measured discharge value against the stiigpharge rating equation, if available:

Once a stagelischargerating curve has been developed and validated for a site, a rating equation is
derived that predicts dischge given stream stageupplementary information on rating curves is
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available il\ppendix D. Once established, rating equations will be providedi¢ttfScience stafiy
Science. Rating equations are commonly expressed as power relationships:

Q=QGch 0

Where

Q =discharge;

G =the stage, or gauge height;

h I GKS 31 dAS NBI RAy3
GFyR i T NrGAy3a OdNIBS

Following the discharge measurement:

1. Enterthe stream stage (G) into the rating equation that is associated withtthe si
2. Calculate predicted discharge.
3. Evaluate whether the measured discharge is £10% of the discharge predicted by the equation.
a. Ifthe measured discharge isH3% than predictedischarge:
1) Another discharge survey is not required.

b. Ifthe measured discharge is >+10% than predicted discharge (and the stream stage did not
change during the site visit):

1) Conduct another discharge survey immediately.

2) If, after a second attempt, the measureddharge remains >+10% the predicted rating
discharge

a) Check the second discharge measurement file for errors.
b) Upload bothdischargeaneasurements
c) Submit atrouble ticket to Science.

(1) This may indicate a shift in thiating, which, if validated by additional
measurements, would warrant an increase in the frequency of discharge
measurements at the site. Pebteld Sampling Tasks: Wadable Stream Sites
using the Flowmeter Method
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SOP C PostField Sampling Tasks: Wadable StreaiteSusing the ADCP Method

Once field verification of the measurement file is complebe, velocity meter, wading rod, and waders
shall be cleaned following standard operating procedures for cleaning field equipment used in aquatic
systems. Batteries for the velocity meter shall be charged or replaced as applicable.

C.1 Document Incomplete 8mplingWithin a Site

Dischargsamplings scheduled t@ccurat the prescribed sampling locati@tcording to the frequency

and timingdescribedn SectiordandAppendix E deally, sampling will occur alis sampling location

F2NJ OKS tAFSUAYS 2F GKS hoaSNWFG2NE 002NBE aradsSavo
project @radientsites). However, samplingnay be shifted from onécation to anothemwhen sampling

is compromisedin generalasamplingocationis compromised when sampling becomes so limited that

data quality is significantly reduced.

There are two main pathways by which samglcan be compromisedrirst, sampling locations can
become inappropriately suited to answer meaningful biological questj@g.,stream morphology
changes in such a wéyat the discharge measurement quality is reduceskcond, sampling locations
may be located in areas that are logistically impossible to sample on a schedule that is biologically
meaningful.

For the wadable stream discharge sampling program, a given discharge transect must be sampled during
100% of the bouts expected for the sitee@sAppendix Hor the numker of expected boutsind

associated site sampling documentatjmver a oneyear period.Transectshat cannot be sampled on

this schedule should be considered compromised.

If samping at a givertiransect isnot possible during a given boattrouble ticket should be submitted by
Field Sciencstaff.

To document missed discharge baut

1. Create anincident with the following naming convention to document the missed sampling:
W1 h { Sampling Incomplete:MODow 220G / I dZAS 5SAaONALIIA2Y 68 Q
a. 9EF YLX SY WwWe¢h{ { I YIkIoulgmbtatcgs®povdui t&perganenths 2
Of 2aSR NEBI RQ
2. Staff scientists review incident tickets periodicallydiermine whether a sampling location is
compromised.
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SOP D DataEntry and VerificationWadable Streams using the Flowmeter Method

The handheld flowmeter serves as the data collection and storage device for discharge surveys at
wadable streams using the FlowneetMethod. There are no field data sheets for this protocol.

Electronic data should be uploaded via the handheld flowmeter to the appropriate location within seven
days of collection. The maximum timeline for entering data is within 14 days of calle@e RD[04]

for complete instructions regarding manual data transcription.

Export discharge measurement files from the handheld flowmeter to a local computer using the correct
cable type (e.g., a USB to midi&B cord) using the following steps:

1. Locate the USB connection port. Plug the correct ends of the connection cord into the display
unit and the computer.

2. Turn the handheld flowmeter on.

a
b.
C.

d.

l dt+a S5NAGSeE aK2dA R | LIISFEN 2y GKS O2 YLzl SNJ
Locate the utility via My Computer. Two folderosld be present: P and RT.

{StSO0G GUKS até F2ftRSNP

Note: if a dialog box appears asking to format the drive, close the window. DO NOT format

the drive.

3. Select the appropriate file to transfer (e.g., POSE0930.TSV). Copy the file to the computer in the
appropriate folder.

4. Rename the file if needed (i.e. SITEYYYYMMDD.TSV).

5. Recheck the discharge files for poteatierrors as described BectionB.4

a.

If errors are present in the . TSV fileke appropriate changes in a text editing program (i.e.
NotePad ++§ DO NOT use Microsoft Excel as this will disrupt file formatting.

Note that any changes made to station or depth values will not change station discharge or
total discharge values.

1) Once the file is uploaded onto the SOM Portal ascRpt is generated that realculates
station discharge and total discharge based aatisn, depth, and velocity values
contained in the file. The total discharge value produced from this calculation is what is
ultimate loaded onto the NEON Data Portal.

6. Upload one copy of the discharge file onto the AOS Dropbox in the apprositefelder.

7. Upload anothercopy of the discharge file onto the SOM/WebUI Portal.

a.

b.

Resolve any upload errors that occtliable8).

If errors cannot be resolvedibmit a trouble ticket to Science.
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Table8. Troubleshooting errors encountered while uploading wadable stream discharge files collected with the
Flowmeter Method onto the NEON SOM Data Portal.
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SOM Upload Error Resolution
If the error is clearly
identifiable and can be
fixed withconfidence, edit
the value in Notepad ++
and reupload the . TSV filg

If it is unknown what the

value should be changed
to, do not upload the
discharge file.
If the error is cledy
identifiable and can be
fixed with confidence, edit
the value in Notepad ++
and reupload the .TSV filg

If it is unknown what the

value should be changed
to, do not upload the
discharge file.

Edit the profile name in
Notepad ++ tothe correc
4-letter site code (no
dates, etc.) and reipload
the discharge file.

If this error exists in the
dischage measurement
file it cannot be fixed and
the file cannot be
uploaded. Prior to the
next discharge
measurement, settte
filter parameter time to =
40 seconds in HACH
settings.

If the erroris clearly
identifiable and can be

Error Description

Location values (or meter tap
distances) must be increasin
order in the discharge file.
This error is usually a result g
a recording typo.

Locations values are no
increasing.

This is meant to address
recording typos such as
SYGSNRAYy3I dc oy
andcpYeod ¢ K
value is not subject to this rulg
as oftentimes the first vertica
contains a depth value of Om

Depth value is greater
than 10 times that of the
previous depth value
(does not apply to the
depth value in the
second vertical).

The Pofile Name listed on theg
firstline of the discharge file
must be the 4letter site code

(Lea! wLYEO0AC

Invalid profile name. Se
line 1 inthe .TSV file.

This is a setting in the HACH
flowmeter used for fixed point
averaging that controls the
length of time each velocity
measurement was collected

Filter parameter time is
set to a value less than
10 seconds (i.e. 6). Se
line 17 in the .TSV ile.

Obsered stream stage for

Stage reference value i
>8.00 meters. See line
inthe .TSV file.

wadeable stream discharge

measuements is not likely to

exceed 800m. This error is

usually a result of a recording

typo.

fixed with confidence, edil
the value in Notepad ++
and reupload the . TSV filg
If it is unknown what the
value should be changed
to, do not upload the
discharge file.
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APPENDIX A DISCHARGEEASUREMENRAS WADEABLE STREAM SUHSG THE ADCP METHOD

The following sections provides instruction on how to complete discharge surveys at NEON wadable
stream sites using acoustic Doppler current profiler (ADCP) instrumentation.

A.1 Introduction: Dischargéleasurements at Wadable Stream Sites Using the ADCP Method

An acoustic Doppler current profiler (ADCP) uses sound to measure water velocity based on the Doppler
OFFSOGZT | LINAYOALI t 2F LIKE2aAO& RAAO2JShERtesd &8 / KNI
the change in frequency of a source to the relative velocities between the source and the observer. An

ADCP applies the Doppler principle by reflecting an acoustic signal off small particles of sediment and

other material (scatterers) that arpresent in water. The velocity measured by the Doppler principle is

parallel to the direction of the transducer emitting the signal and receiving the backscattered acoustic

energy.

NEON utilizes ADCPs to measure discharge at NEON aquatibeditentain wadable stream and

rivers. NEON stream discharge measurement collection at wadable stream sites involves mounting a
StreamPro ADCP (TRDI) within a trimaran float and utilizing a tethered rope systemto pull the float back
and forth across the channsb that so that the base of the ADCP is beneath the water surface. The
ADCP contairfeur beams pointed at 20 degrees from the vertical that can continuously measure water
depth, water velocity, and instrument speed. Discharge and velocity calculations performed by ADCPs
during streamflow measurements are wdlbcumented in the literature (Meller et al., 2013; TRDI,

2015) but the basic premise is as follows (Den Herder, 2018):

1 The ADCP instrument transmits short pulses of sound at fixed frequencies into the water.

1 The transmitted sound bounces off scattered material suspended in the watdin{est,
microscopic organisms, etc.). The returned signals from these scatterers are shifted in
frequency.

9 The returned signals from each beam are used to create the water currents in east, North, and
Vertical velocity vectors.

1 Returned signals are continusly processed into separate depth cells (or bins) to provide a
profile of the water column

1 Binned velocity and depth are integrated to calculate bin discharge, which are then summed to
calculate total discharge

1 Multiple discharge transect measuremerage completed and mean discharge across transect
measurements is calculated and reported as total discharge.

The ADCP measures the relative motion of the water to the ADCP by correcting the measured water
velocity with the measured velocity of the vesaséd to deploy the instrument (boat, trimaran float,

etc.). The velocity of the vessel can be calculated in two ways: externally via a global positioning system
unit (GPS), or internally utilizing ADCP bottom tracking technology. The ADCP dividetetto®han

into depth cells (or bins) and reports a velocity for each depth cell.
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The ADCP software integrates total bin velocity over the bin depth to obtain bin discharge. The resulting
subsection discharges are then summed over the width of thegs®ction to obtain total measured
discharge for each transect. Certain areas within the channel-s®stson profile cannot be measured

by the ADCP (at the water surface due to draft and flow disturbance around the instrument, near the
channel bed du¢o sidelobe interference, and near each bank due to shallow depths). These areas

must be estimated by the ADCP software. Discharge inthe unmeasured upper and lower portions of the
crosssection are typically estimated using a esigth powercurve estination scheme while discharge

in the unmeasured portions of the crosgction near the bank edges are estimated using a ratio
interpolation method (Simpson, 2001). Total stream discharge is the sum of the total channel discharge
(the sum of all dischargerbvalues calculated during the discharge measurement transect), the near
shore discharge measurement on the left side of the channel and thesteae discharge estimate on

the right side of the channel. The total discharge associated with the measntésribe mean

discharge of all transects conducted during the sampling bout. On aveiagrpected to taken
experienced field crew 305 minutes to complete a stream discharge measurement from start to finish.
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Pages0



ﬁ;S;‘F n e C‘) n Title: AOS Protocol androcedureDSQ; Stream Discharge Date 03/16/2022
.4(-(‘ Operated by Battelle | NEON Doc.:#NEON.DOC.00108| Author. N. Harrison Revision: H
SOPE Preparing for Sampling: Wadable Stream Sitgdsing the ADCP Method

E.l

Preparing for Data Capture

Prior to leaving the office ensure that the followingteria aremet:

= =4 -4 4 -—a -9

E.2

All necessary equipment is gathered and prepareab(e12)

Make sure GPS is fully charged and batteries in ADCP are fully charged

Setup ADCP and GPS on trimaran float

Setup and test Bluetooth communicatiohstween the ADCP and laptop

Setup and test GPS communications

If the site has an approved stagescharge rating curve, the current rating equation is available
for measurement comparison/validation.

Installingthe SreamProADCP an&XBlue IGPSAntennaonto the Trimaran oat

The StreamPro ADCP a@®&(Blue IIGPS antenn@ncludeselectronicshousing withsun shielflare used

in conjunction at most NEON wadable stream sifgsgendix B Both unitsmust be securely connected
to the trimaran float(Figurel5) prior to beginning the discharge survéyn Allen wrench and thikand

tool that is provided with the GR8erequired. This is a on¢ime installationthat must be condcted

upon receivinghe instrumentationFollowing thisnstallation the fullconfiguredunit (trimaran float

with ADCP and GPS instrumentation) can be transported and stored as is, with batteries replaced as
needed.The GPS can be removed later at the DSF to charge.

To assemble th8treamPrcADCP an&X Bluel IGPS antenna to the trimaran float:

1.
2.

Attachthe ADCP arm to the bow of the trimaran float using thumbscrews.
Pull the StreamPro ADCP through the bottom of the hole of the ADCP arm.

a. Line up the arrow on the ADCP to the front of the ADCP arm (femivayds the bow of the
trimaran float).

b. Line up the grooves in the side of the StreamPro ADCP with those in the ADCP arm.

c. tdA f GKNRdAK ff GKS gl & o0dzi R2y QG GAIKGSY
Plug the ADCP cabl@o the electronics housing.

a. Line upthe prongs and twisthe outer ringtosecure the cable

Connect the GPS arm to the GPS antennae using an Allen or adjustable wrench.

a. Hand tightening will cause the antennae to come loose from the arm.

Remove the thumbscrew on the side of the ADCP arfnomt of the ADCP.

Place the GPS arm over tA®CP arm.

a. Make sure that the thinner side of the GPS arm rests on the front left side of the ADCP arm.
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7. Slide the thumbscrew through the hole in the GPS anah tighten to connect it to the ADCP
arm.Ensure tls is tight as this screw and arm secure the sensor in place by tightening the
clamp/openiry.

8. Remove the front plate of the ADCP electronics housing by disconnecting the three
thumbscrews.

9. Remove the battery pack and insert 8 charged AA batteries.
10. Insat battery pack and replace front plate of the ADCP electronics housing.

a. Make sure the thin rubber lining is still in place around the top of the battery pack
enclosure.

b. Remove batteries following Bluetooth configuration and testing so that they do nab.dra

11. Remove the twaorner screwshat connect the GPS battery pack to the GPS electronics
housing.

a. These are the screws that line up to the holes in the GPS sun shield.
b. These screws are no longer used in the assembly.

12. Using thetwo sets ofGPS hardwe provided (screws, spacers, washems)rect the GPS
sunshieldo the base of the GPS electronics housing (at the battery pack).

13. Connect the GPS sun shield to the top of the ADCP electronics housing using the four
thumbscrews.

14. Connect the GPS antenntethe GPS electronics housing using tihie copper cable.

a. The straight end of the cable connects tothe GPS antenna, the angled end connects to the
GPS electronics housing.

15. Installationis now complete.The unit camemaininstalled as is during times transport,
measurement use, and storage.
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: GPS electronics housing

()
ADCP electronics housing

-GPS copper-cable.

StreamPro ADCP

Trimaranfloat

Figurel5. AboveTrimararfloat, StreamPréADCP, an8X Blue 6P &ntennacomponents; Belowllustrated
workflow (top left to bottom right) detailing hote configure he StreamPraADCP unit an8X Blue GPS antenna

to the trimaran float.
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E.3

Installing the RiverPro ADCP aktkmisphere V10%5PS Antenna ontothe Trimaran Float

The RiverPro ADCPdaHemisphere V102 GPS antenna + electronics housing are used at select NEON
wadable stream siteAppendix B. Both units must be securetonnected to the trimaran floatHigure

16) prior to beginning the discharge survéjote that the trimaran float used to house the RiverPro
ADCP is allger model thanthe one usedto house the StreamPro ADCP.

To assemble the RiverPro ADCP and Hemisphere V102 GPS antenna to the trimaran float:

1.
2.

10.
11.
12.
13.
14.
15.

Unfold the outrigger huls from main hull by removing th@n in the bridle.

Connect the RiverPro AD@Rhe GPS mountusing M6 socket head cap screws (5mm Hex) and
flat washers.

Insert the ADCRounting plate intahe moon pool lid.
Connecthe ADCRable fromthe trimaran float.

a. Ensure thatthe Teledyne logo (flower) lines up when it the cable is plugged into the ADCP.
The instrument will not work if the cable is plugged in upside down.

Connecthe GPS cable tthe Hemispher&/102 GPS and attatie GPS antenni the GPS
mount using 4 M8x16mm screws with lock and flat washers.

Attachthe support braces, ADCP mounting plate ahd GPS mount (with GPS antenna
attached)o the main hull by alighing screw holes and tightening thumb screws.

Attachthe GPS cable tthe main hull byunscrewinghe yellow cap and tighteninthe cable
connecter tahe port.

a. These are the same type of cable connectors on theaBR$ina, ensure that the port is
aligned, push in to connect, and rotate to tighten the connection.

Unscrewthe cap tothe electronics compartment.

Insertthe 12V battery intathe foam block tahe secure battery.

Connect the two internal cables (GPS and ADCP/battery) within the compartment.
Connecthe black spade lug connecter tbe battery negative terminal.

Connectthe red spade lug connector to the battery positive terminal.

Close and tightethe electronics compartment lido that it is completely sealed
Unfold the rear boat fins.

During operation and testingutn onthe main power switch located on the main htdl power
the ADCP and GPS units
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&

Figurel®. lllustrated workflow (top left to bottom right) detailing how to configure the Rive AP unit and the
Hemisphere GPS antenna to the trimaran float.
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E.4 Establishing Bluetootitonnections for the AlPand SX Blue IGPSantenna

The StreamPro ADCP and SX Blue Il GPS antenna communicate with WinRiver Il software (installed on
the laptop) wirdessly via a Bluetooth (wireless) connectidwo Parani SD1000U Bluetooth

transmitters, or dongles, are required to send dgtane for the ADCP and one for the GPS antenna. It is

a good idea to havan extra dongle on hand the field as a spare. TRarani Bluetooth dongle

contains a USB interface adapter that is pluggedinto a laptop COM port. Parani Bluetooth dongles are
setup and configured usirigaraniWin softwareThis executable must liownloaded and installed on

the laptop used for ADCP discharge measurement.

If the same laptop is used for ADCP measurements (this is recommended for ease of communication
setup and software availability) the following setup should only need to ocdor farthe initial
measurement. Following the initial setup, the ADCP and GPS antenna should automatically connect to
the laptop software via the dongles. These steps should also be used when troubleshooting connection
problems. Setup, testing, and troglslhooting is best done in the office prior to deployment in case an
internet connection is neededn ADCP discharge measurement cannot be completed if Bluetooth
communications are ngbroperly configured.

To avoid confusion, it is helpful to label or2 @3t S a! 5/t ¢ | yR GKS 20KSNJ aD

t{
neari KS € I LJG2L) LR2NI SIFOK | NB LX dzZA3ISR Ayid2 GKI G RSaA
Physically configure thARDCP anthe GPS Bluetootdongles Figurel7?):

1. Eacht N} yA R2y3fS KIFa | aSié 2F F2dz2NJ 5Lt &6A00OKS:
baud rate and data flow control.

2. These DIP switches need to be in the correct physicdigroation using a small screwdriver,
pocket knife, pen, or similar tool.

3. Move the DIP switches to the correct position in order to set the Baud Rate to 1152@i¢bhon
Parani dongls. The diagram on the left of eactongle shows which how the position§each
switch relate to baud rate configuration.

4. Set the first and second DIP switches to the right.
5. Set the third switchto the left (115200 baud rate)
6. Set the fourth (bottom) switch to the left (HW Flow Control OFF).
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Figurel?. Top: Parar5D1000U USB Bluetooth Adapter with default settingoBo Correct settings for ADCP
and GP8luetooth configuration.

Once physically configured, each dongle needs tmibally setup with the ParaniWin software
Complete the following steps for the ADCP dongle, then repeat foB¥8lue EPS dongléote that
GKAE AYTF2NXIGA2Yy A& | f a2 Ghdayca forByeSrProBiietodtiKsetag? 2 O dzy Sy
thatis included with alhDCP materials)
1. Ensuethatthe ADCP and GPS units are powered and fully connected to the trimaran float.
2. Plug the Paranidongle into a USB port on the laptop.

3. Use Windows Device Manager to determine the laptop COM (communication) port that the
Parani is assigned to.

a. Navigate tothe Windows Device Manager.
1) {GF NI aSydz B {SINOK a5S@A0S al yl 3SNE
b. hLISy GKS Gt2NIia 6/ ha 9 [t¢0é y2RSO

c. Note the COM port number assigned to.
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1) Unplug and reconnect the Parani dongle to note which COM Port number appears and

re-appears. This is hCOM Port the Parani dongle is assigned to

(2) If using Windows XP and later systems, the driver will likely load automatically
when you plug in the Parani dongle.

(2) If the Paraniis not showing up in the Ports (COM & LPT) node, it may show up in
0KS BhBERGAOSEae y2RSO
(@) Ifthisis the case an update Parani firmwares required (nder the

picture of the dongle, find the Downloads tab, click on the firmware link,
and click thedownload button to save the file to a known folder

(b) Once complete, open Windows Device Manager, right alicthe
appropriate COM Port that the Parani is assigned torandgate to the
Driverswindow.

)/ K22&a4S a. NergasS vYe O2Y Bdeps WRE2TI 4IANNE ¥:
it will respond with a message of success or failure.

(d) If successful, close this window and return to Windows Device Manager.
The Parani should now appear under the COM Ports node.

(e) If unsuccessful contact Science for troubleshagti

d. Select the Parani SD100U dongle COM Port and set the baud rate to 115200.
1) wA3IKG Ot AO0] 2y GKS /ha LERNI daAa3daySR (2 (K

2)

3)

Gt 2NI {SdiAy3a¢ o
Configure Port Settings.

a) Bits per second =115200.

b) Databits =8

c) Parity =None

d) Stop bits=1

e) Flow control = None

Click on the Advance Settings button.

a) Check the COM Port number assigned to the Parani in the top of the Advanced
Settings window.

b) Inthe BM Options section, select the Latency Timer drop down and setto 1msec.

c) Clck OK twice to exit Windows Device Manager.

4. Note the LED indicators on the Parani dongle.
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a. ¢KS daz2RS¢ [95 AYRAOI(GSa 46KAOK Y2RS GKS t I NI
b. Ensure the Paraniongle is setto MODEL, the LED will blink green at 1 second intervals.
c. ¢KS a/ 2yyS0Oilé¢ [95 AYRAOFGSEa gKSUKSNI GKS t I NI
the LED will blink green at 1 second intervals.
5. Open ParaniWin software to configure the Bloeth connection.

a. The UART Setting window will automatically pop up that displays the communication
settings between the Parani dongle and the laptop. Ensure that the configured settings are
set correctly. Notes: these settings must COM Port and physicglelgettings or the
connection will not be possible.

1) Serial port: Select the laptop COM port number the Parani dongle is assigned to (as
shown in Windows Device Manager).

2) Baud rate: 115200

3) Parity: None

4) StopBit: 1

5/t A0] dahYéo L Yol Belcompleted 2 Yy FA 3 dzNF G A2y & K2

b. { St SO0 G(KS a5S@A0S {ShiAay3as dlrood

1) {SG ahLISNXridA2y a2RS¢ (2 daaz2RSwmé o

2) Check that Device Settings are the same as what was entered in the UART Setting
Window.

3) Underd{f SOdzNA (& hLIiA2yé¢ OKSO]l (GKS a! dziiKSydaaAoOl i
| 2RS€ @

4/ £t A01 d! LILX &é o

5) ! a4/ 2YLX SGSR / 2y TAIdNI GA2yé YSaal 38 aKz2dA R

a) If the connection was unsuccessful: review physical Parani dongle settings, COM
port settings in Windows Device manager, and settings entered in Paraniwin and
repeat process.

6. { St SO0 G(KS a/2yySOUA2y 62dz2ivé GFoo
a. /| tA01 GKS a{SINOKE¢ odzit2yd ¢KAa gAftt LAY3I |
of the laptop.

b. / K2aS (KS RSAANBR AyaidNdHzySyid G2 O2yySOod G2 |

1) The ADCPghdzZf R 0S aKE2MBE{ ®a awsL {
2) TheDt { & K2 dzZ R DOBlLeGREK @4y | & «
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a) These labels may vary.
3y / t A0l a/ 2yySOiéo
c. ! B6AYR2¢g gAff LRL dzJ 6AGK || a/ 2yySOGSR &4dz00S

d. One of the lights on the ADCP will turn blue, indicating that the Bluetooth connection was
successful.

1) If the connection was unsuccessful:

a) Review physical Parani dongle settings, COM port settings in Windows Device
Manager, and all settings entered iafaniWin.

b) Repeat process.
7. Repeatthe above steps for the GPS dongle.

8. Once both ADCP and GPS dongle connections have been successfully conlosetdiae ¢
ParaniWin program

a. Ifthe ParaniWin programis not closed, WinRiver Il will not be able to conniec¢he
ADCP.

E.5 Testing GPS and ADCP connectionsin WinRiver Il

Once both ADCP ar®X Blue IEPS dongle connections have been successfully connected via Blyetooth
the connections must be tested in WinRiver Il in order to ensure that data can be traedtutthe

program. This must be done prior to each discharge survey that utilizes ADCP instrumentation and is
best completed in the office in case additional troubleshooting is needed.

1. Ensurethatthe ADCP s fully powered (green light on) and setidetooth communications
via the Parani dongle (blue light on).

2. Open WinRiver II.
3. Inthe WinRiver Il main screen, click Configure > Peripherals.
a. Test ADCP communications.

1) Ensure thatthe ADCP is fully pened (green light should be on) and the ADCRRiar
dongle is installed in the designated COM Port.

2) LY (GKS at SNALKSNIf / 2yFAIdzNF GA2Y S5AFf23¢
Ot A0l 2y GawSIFIR {SNAIt wlg !5/t 5G4l ¢

3) 52d0f S OftAO] 2y &Gt2NIY !5/t {SNRAFE t 2NJié

(O

4) Check that COM settings are corracd press OK.
5 2A0K Gt 2NIY !'5/t {SNRARFf t2NIé¢ adAirtf KAIKEA
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6) A dialogue box will open and you should see some information begin streaming
regarding Teledyne StreamPro firmware. This indicates that the AD&dimized by
the WinRiver Il progrargrigurel8).

a) If nothing appears than WinRiver Il is not recognizing the ADCP.

b) Ensure that ParaniWiis closed. If open, close this program and repeat the
Peripheral test.

c) If ParaniWin is closed and the Bluetooth connection was successful inthat program,
OKSOl /ha aStdGdAay3a Ay at2NLY !5/t {SNRAIC

d) If nothing appearin the test window continue on to the next step for GPS testing.
Further ADCP testing can be completed in the Configuration Dialogue tab of the
Measurement Wizard window.

7Y/ ftAO01 a{G2LX¥ |yR a4/ t2aSé¢ G2 OSIrasS GdSadAiy3
Test GPS communications.

1) Ensure that the GPS antenna is fully powered (green light should be on) and the GPS
Parani dongle is installed in the designated COM Port.

2) LY GKS at SNALKSNIf /2y FAIdNI GA2Yy S5AFE23¢ &
chO1 2y awSIR ba9! Dt{ 5F{F m&®

3y 52dzo0ft S Ot A0l 2y at2NIY Dt{ {SNRARFf t2NJIE
4) Check that COM settings are correct and press OK.
5 2A0K Gt 2NIY Dt{ {SNAIf t2Nl¢ adGAff KAIKEAI

6) A dialogue box will open and you shoulégsé&reaming GPS dafkigurel9). This
indicates that the GPS is being recognized by the WinRiver Il program.

a) If nothing appears than WinRiver Il is not recognizing the GPS.

b) Ensure that ParaniWin is closed. Ifopen, close this program and repeat the
Peripheral test.

c) If ParaniWin is closed and the Bluetooth connection was successful in that program,
checkCOMSGGAY3Ia Ay at 2NIY Dt { {SNALIFt t2NI¢E

d) If nothing appears in the test further GPS testing can be completed in the
Configuration Dialogue tab of the Measurement Wizard window.

71 EA01 G{d2LE | yR &/ tsetheSestdiddue@dos S G SadGAy3
I £A01 a/t2a8¢ G2 NBOdNY (2 GKS YIAY 2AywA@SN

4. Once all configuration and testing is complete ADCP batteries should be removed and stored
with field gear so as not to drain them.
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5. To setup and test the HemisphereQ2LGPS antenna see detailed steps providesieiationd.4

Test Port Dialag

= F>

<LF=

500

b G Dieg
a

[

StreamPro<LF>

Teledyne RD Instruments {c) 2010<LF>
All ights reserved . <LF>

Firmware Version: 31.16 <LF>

=

Stop r

Figurel8. ADCP Test Port Dialog indicating thtabamPrcADCP data is streaming from the ADCP to the laptop.
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Figurel9. GPS Test Port Dialog indicating that GPS data is streaming from the GPS antenna to the laptop.
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E.6 Navigate to the Diskbarge Transect

If a discharge transect, or cressction, has already been established, the bounds should be
permanently marked using stakes or plot markers (one on each side of the stream). Navigate to this
location and proceed t&ectionE.7.

If a discharge transect has not been established at the site proceed with the following steps:

1. Determine an appropriate location to establish a discharge transect.

a. At wadable stream sitedietransect location must be located in the riffle habitat unit in
close proximity (just downstream) of the pool where the staff gauge and sensor set are
installed. Consult with Science if the sensor set location is unknbasinot yet been
establishedorif an alternative location is best suited to measure discharge at higher flows.

b. Anideal discharge transect will:

1) Belocated in a reasonably straight channel with velocity lines that are andess
parallel to each other.

2) Contain velocities that ardéor the most part, > 0.15 m/s, and depths that are, for the
most part,> 0.15m.

3) Contain a stable streambed free of obstructions that would createesqdilack water,
and turbulence.

4) Contain measurement sections that are roughly parehttapezoidal, orectangular.
5) Contain a stable downstream control feature.
c. Take a picture of the transect location that best meets thiteria as well as the

downstream control feature and send to Science for consultation.

E.7 Assess the Discharge Transect

Prior to collectig the discharge measurement identify any instrumentation or environmental issues that
would negatively affect data qualitipocument any temporary hydrologic conditions in {(A©S) Field
Metadata and Gauge Height [PROD] app in FulcHioonditions are unfavorable to discharge
measurement collection, submit a trouble ticket and consult with Science.

Unfavorable conditions include, but are not limited to:

1. The staffgauge is either not present or has been displaced in some way.

a. A discharge measurement should not be collected if a staff gauge is not present at the site
or the gauge has been displaced in any way.

b. Submit atrouble ticket to Science that includes photos of the gauge.
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c. Ifthe staff gauge is topped during high floeusd a discharge measurement can be safely
collected, attempt to mark or in some way reference the elevation of the edge of water
(only do soif this can be accomplished in a safe manner). A future survey of this location
(relative to the staff gauge) cgmovide an estimate of gauge height during the
measurement.

d. Note thatif a discharge surveyis associated with a reaeration sampling event, discharge
should stillbe measured regardless of staff gauge presence.

2. A pressure transducer is either not pesg or has been displaced in some way.

a. A discharge measurememntay be collectedn the event that the pressure transducer is
missing or has been displaced. However the absence of this instrument prevents continuous
discharge from being estimated.

b. Submi atrouble ticket to Science immediately if theessure transduces missing or has
become displaced.

3. Streamflow is exceeding the banks causing unsafe conditions on the floodplain.
a. Referto NEON Operations Field Safety and Security Plan (AD{O23}dils.

4. There is an insufficient amount of water in the chanmebed conditions are not suitabte
conductADCRelocity measurements.

a. Consider using the Flowmeter Method.
b. SeeSectior4.2.1

5. Referto NEON Operations Field Safety and Security Pla®2P2nd NEON Operations Field
Safety and Security Plan (AD[02] for further details.
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SOPF FieldSampling: Wadable Stream Sitesidg the ADCP Method

F.1 Installthe TemporaryHigh LineADCP Deployment Assembly

TheTemporanHighlAyS A& I+ YSOKIFYyAOlIf |aaSyofe dzZNBBN (2 RSL
wadable stream sites. duideline runs through &ipod systen and across the channel to orient the

trimaran float in the streamflow. An additional line runs through th@deline and is supported by crew

membe's on each side of the stream that work togetheipud! the floatsteadily acrosthe discharge

crosssection.

The Temporary High Liie comprised of the following componen{&gure20):

1 Tripod(supports the winch and pulley posts on the near bank, levels the guideline)
1 Winch post(connects to pulleyost, tightens the guideline)
1 Pulley postconnects to wioh post, guides the guidelipe
1 Guidelinerope (rope or twinethat is setbetweenthe tripod onthe near shore and fixed point
on the opposite shore, orients the float as it is pulled across the channel by the Contrdl Rope
1 Guideline supportrfetal tubethat connectghe Guidelineropeto Trimaran ropg
1 Guy wiret+ earth anchofsupports winch pogpulley post/tripod assembly on the near bank

1 Guy wire driving rod(supportguy wire)

Additional materialsequired:
91 Control rope Ionglength of ropeused to pull the float back and forth across the channel)

0 Strong rope such as climbing rope is recommended.

o0 Lengthrequired:twice the wetted width of the stream + extra length to accommodate
the distance between the wetted width and whesgaff are opeating the rope orboth
banks.

1 Trimaranroped short section of rope that connects and orients the float off the Guideline
rope).

0 Strong rope such as climbing rope is recommended.

o0 Lengthrequireddependent on surface water velocity conditions during time of the
measurement (maximum length needechist likelyto exceed ~1.5 meters).

o Higher velocity levels mandate a longer section.

o Lower velocity levels mandate a shorter section.

9 Carabiner(connectghe float to the Trimaran rope)
0 Locking carabinerare recommended.
o Two spares are recommended
1 A smallhammer to drivehe guy wireearth anchor into the substrate.
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Guideline

Guerire + Eérth anchor

: W_inch post

Figure20. Parts included with the Temporary High Line Assembly.

Toassemble the Temporary High Likégure21):

N o g~ 0w Db P

Removehe wingnuts on the top of the winch post.
Slide the base of the pulley post into the top of the winch post.
Set connect winch and play at an angle into the tripod.

Set the winch handle so that is facing away from the winch gears.

Loop the guideline through the two holes on the side of the winch and knot them together.

Crank the winch handle so that the guideline is looped thrabghwinch assembly.

Once a sufficient length of guideline is looped through the winch assembly bring the end of the
guideline over the pulley (at the top of the pulley post) and through the hook.

Securely attach the end of the guideline to a point oa dppositebank keeping in mind the

following criteria.

a. Atree, post, or stake can be used to secure the guideline on the opposite bank so that it is

very sturdy and will not move during the measurement.

b. The guideline should be slightly upstream (~§150m) of the discharge transect.

c. The guideline must be perpendicular to the streamflow.

d. The guideline should be nearly level from the near to opposite bank.
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[ 201 GKS gAYyOK o0& aSdday3da GKS GNRIISNI GO
Crankthe winch uil there is no slackin the guideline between the tripod and the opposite
bank.

Attach the guy wire to the base of the winch post using the carabiner and thread this wire
through the notch at the very bottom of the post.

Set the driving rod into theuy wire earth anchor and hammer the rod into the substrate to
refusal.

On the Guideline support, line up the space between the white plastic lockers and the space
that runs along the length of the bracket.

Attach the Guideline support to the Guidelibetween the tripod and the opposite bank.
a. Place the guideline through the carabiner.

b. Slide the guideline through the space along the length of the Guideline support (sothat the
guideline is inside the metal tube).

c. Twistthe white lockers to hold the guideline in place within the Guideline support.
Connect the middle of the Control rope to the carabiner on the Guideline support using a knot.
Install the ADCP and GPS in the trimaran flIS&c{ionE.2 and turn both units on.

Bringthe GuidelineRope with the Guidelinsupportto the edge of water on the near bank.
Attach the section of Trimaran rope through the carabiner on the Guideline support.

a. Adjust the length of the Trimaran rope basedihe surface water velocity conditions.

b. Set the length of the Trimaran rope so thhe boatliesflat in the water and thesurface
velocity maintains therientation of the bowpointed upstream.

1) During low velocity regimes the Trimaran rope shdédshorter.
2) During high velocity regimes the Trimaran rope should be longer.
Remove theéransducer cap on the bottom of the ADCP that protects the beam lenses.

Gently place thérimaran float in the water to let sensors equilibrat®ecure both end of #
Control Rope to keep the float in position prior to the first measurement.
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Control Rope

Figure21. Assembling the Temporary High Line.

F.2 Practice Operating the High Liressembly
If needed, practice pulling the trimaran float back and forth across the channel to get comfortable with

the High Line operation prior to measurement collection.
The High Line Assembly is operated as follows:
1. One person stands on each side of the baokling the Control Rope.
2. The Control Rope should always be held taught to limit latemadement of the float.

3. To move the boat across the channel the person on the bank where the boat is headed must
gently pull on the Control rope while the personthie opposite bank gently releases the
Control rope.
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a. The Control Rope must remain taught during this operation.
b. Gloves are recommended to limit hand abrasion from the rope.
The float must be moved at a slow and steady pace with the bow of thedmated upstream.
a. Sudden movementsf the float willadversely affect data quality.
b. Eachtransect measurement must last a minimum of 180 seconds. Itis helpful for staffto call
out the measurement duration during the measurement in order to adjust feyagedsf
needed
c. ldeally the speed of the float should be below the water velocity, although this can be very

difficult during low flow regimes.

1) In all conditions a steady operation of the float across the channel is paramount.

Practice bringing thesimaran float back and forth across the channel until boat staff members
are accustomed to the operation.

Start a New Measurementin WinRiver Il

Once the trimaran float and High Line Assembly are properly configured, a new measurement file can be
created using WinRiver Il software.

a M w0 DdPRE

Setthe laptop systemtime zone to UTC (Coordinated Universal Time).

Start the WinRiver Il program.

In the WinRivetl main screen, click Configure > Units > All Sl to set units to metric.

In the WinRiver |l main screen, click File > New Measurement to run the Measurement Wizard.

Fill in all information in the Site Information tab:

o

a o

Station Name: Four digitsitecode¥ G KSNBE &2dz gAfft 06S YSI adzZNAy3
Station Number: Leave blank.

Measurement Number: The sequential discharge measurement number for the site

| 3SyO8Y ab9hbéd

District: Leave blank.

Hydrologic Unit: Leave blank.

Field Party: Initialsf all crew involved in measurement.

1) Separate initials with a comma delimiter (i.e. NH, LFS).

Processed By: Initials of technician operating the WinRiver |l software and evaluating data
collection.
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. 5SLX 28YSyid ¢eLB® a¢NAYIFINry Cf2li
j- Boat/Motor: Leave blank.

k. Meas. Location: If measured at the regular discharge cio&O G A 2y Sy (G SNJ a5{/ mé
measured at a different crossection within the site denote that with a different code here,
(.,ea5{/ P! { ¢ -aeEtioniskuSstre@rNd@h ragular locatiop

1) Make sureto alsoinclude notes in the main remarks section that describe alternative
transect locationgbe sure to include an estimate of how many meters away the
measurement was conducted from the regular location)

a) To add a nte to the main Remarks section of the measurement file, rigltak Site
Information on the Measurement Control window.

b) Enter notes into Remarks section.
|.  Grid Reference: Leave blank.
6. { St SO0 GKS dawldAy3a LYTF2NNIGA2YyE (Gl oo
a. Inside Gage Height: Enter thater level measurement on inside of staff gauge.
b. hdziaARS DIF3S | SAIKAGY {FYS @FtdzS +a ahdzidadiR$

c. Rating Discharge: Enter the predicted discharge given gauge height from rating curve, if
available.

d. Index Velocity: Leave blank.
e. RatedArea: Leavs#ank.
f. Rating Number: Leave blank.

g. Water Temp: Enter the water temperature (°C) measured using a thermometer submerged
in the stream for at least 5 minutes.

1) The measured water temperature should be within 2 degrees of the ADCP temperature
measurement.

a) To teck the temperature being measured by the ADCP, open the Test Result
dialogue box under the QAQC > ADCP node. The measured temperature will be
displayed along with other sensor data.

b) You can also view temperature time series data during or after a é@ns
measurement by selecting View > Graphs > Time Series > Temperature.

c) The ADCP must be sitting in the waterdbteast Sminutesto allow the instrument
to fully equilibrate to the water temperature.

d) Ingeneral ADCP temperature measurements dadnift until there is a major issue.
If this does occur, the AD@Reasured temperature will deviate greatly from the
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a. The softwarewillimmedi&f & GNB G2 NBO23yAl S
T

thermometer measurement. If this is the case make a note in the measurement
note window and contact Science following the measurement bout.

Tail Water Level: Leave blank.
Magn Variation Method: Model

Measurement Rating: fill this out at the end of the measurement based on your judgment of
the measurement quality

1) This isa subjective assessmerDiscretionis given to theydrographer who led the
survey.Includeanyrelevant field notes that formulatethe basis ofhis rating in the
remarks section.

Control Codes: select any that apply to the measurement.
Wind Speed: Enter the measured wingeged kph) using an anemometer.

1) If wind speed was entered in units other than kph, note the units used in the remarks
section.

. Wind Direction: Enter the measured wind direction using an anemometer.

1) If the anemometer does not provide a direction measurernenter.
a) ! LIAGNBI YéY AT (frénBupsirdayif dowastreah 2 6 A y 3 dzLJ
by a526yaidNBI YEY A FonidswdstréainfoRipstkeam.of 2 6 A y 3
c) &/ NBAYREY AT GKS gAYR. Aa of2gAy3a I ONRaa
d 6arAESREY AT (GKS 6AYR A& y.20 o0f26Ay3 Ay |\

Edge Method: Enter the method used for determining bank distances (i.e. laser rangefinder,
meter tape, eye estimate, etc.).

7. {StSOG GKS da/ 2yFAIAdzNY GA2Y S5AFf23dzS¢ Gl oo

GKS !'5/t 064l
>

w
(@]}
o
N
c:
c
N

) LT GKS O02yySOGA2y A& &adz00Saaf¥dA 0K
a) This cantake afew minutes.

b) This means that the software recognizes the ADCP via the ADCP PararutBlueto
dongle.

c) The connection should be successfulif the ADCP Peripheral test was a success.

d LT | gAYyR2¢ LRLA dzZJ GKIFId alrea a¢KS !5/t A
ADCP was not recognized by the software.

W)/ tA01 ab2é o6a, Sdetycléthrough akdvaddble gofsy a2 Fd o |
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(2) Ensure that ParaniwWin configuration was successful for the ADCP dongle and
that the software is closed.

@ LY GKS G{SNRAIt /2YYdzyAOFGA2Yy {SliiAy3aas
match what was entered in Parani\\oftware. Click OK.

@LFT GKS a¢KS !'5/t A& y20 NBaALRYRAYy3IAXE YS
G)LY GKS a!5/té RNRLIR2gyI SyadNB)idsikKlFd G§KS

aSt SOGSR Ay (KS RNRLIR2g6Yy oO2Hedt / £t AO] GKS
configuration.

(6) The ADCP must be recognized by the software for the discharge measurement
to be conducted. If communication problems pers&ibmit a trouble ticket and
contact Sence.

b. Check GPS configuration settings.

1) Ensure thathe GPS antenna is attached, powered and properly configured within the
trimaran float

2) If using the SX Blue Il GPS antenna (most NEON wadable stream sites):
a) Checki KS G9EGSNYylIt Dt{é O02E®
b) The grenight indicates that thaGPSntennais recognized by the software.
c) An error message indicates that the GPS is not recognized by the software.

(1) Press OK twice. Oftentimes trying to connect a second time will be successful.
If software still failsd recognize the GPS antenna:

(a) Check that all cables are securely connected.

(b) Check the COM port settings are correctly configured in Windows Device
Manager, ParaniWin, and WinRiver II.

(c) Retest GPS communications in Configure > Peripherals.

(d) If GPS is unablto be integrated with the software the discharge
measurement should still be conducted.

(e) Document this occurrencas a noten the Remarks Secti@andsubmit a
trouble ticketto Science.

(H Continue with the discharge measurement.
3) If using the Hemisphie V102 GPS antenna:
a) / KSO1 G(KS aLyG® Dt{é O02EO®D
(a) Set the baud rate to 19200.
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by / KSO1 GKS G9EGl® | SIRAYyIE 062EOD
@[ SIS GKS a1l R3I hTF wRS3IBE

(@]}
N
m-

oflylo
(b) An error message will appear.
(c) Click cancel, this error can be ignored.
c. The Depth Sounddvox can be left blank.
d. Under Offsets:
1) Enter Transducer Depth.

(1) The standard transducer depth for StreamPro ADCPs deployed in the trimaran
float is 0.02m.

(2) Verify the transducer depth is 0.02m with a meter tape prior to the first
measurement.

(a) Ensure that the boat is steady and stable in the water column prior to taking
this measurement.

(b) Measure from the water level to the center of the slant in the tramser
faces with a ruler or metric tape.

(c) This is a very important measurement! Repeat it two or three times to
ensure accuracy.

(d) Once the transducer depth is confirmed this value can be entered prior to
all subsequent measurements, it should not changlesss the unit is
disassembled.

e. Enter Magnetic Variation, the angle of declination relative to your location in the world.

1) For greatest accuracy, check tRational Geophysical DeaCenter websit¢o find the
declination angle based on your latitude and longitude.

2) Some examples:
a) Butler,AL: -Hc HRQ7)2 0O
b) Newton,GA:-nc pe&hQ9)2 0O
c) Arcata, CAbmMnc mMcQ 9 obmMndmcO
f. Enter the Max Water Depth.

1) This is an estimate ohe maximum water depth (nthat is expected to be measured
during the discharge measurement.

g. Enterthe Secondary Water Depth
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1) This is an estimate of the minimum water depth (m) that is expected to be measured

during the discharge me

h. Enterthe MaBoat Speed

asurement.

1) This is an estimatef the maximum boat speed (myshat is expected during the
discharge measurement.

i. All other values can be left as defaults.

. {S

o

fS G§KS dahdziLdzi CAf Syl YS
y“é NJ 6KS awSO2NRAYy 3¢

hLliA2y&é Gl oo

asSoiArz2yy

LYy (KS cRBTFAYE Y2 Edigifsida®de) (G KS  F 2 dzNJ

a) 9ElI YLX SY
2) 9y adNNB G(KS

G[ 92 LE O

' 4SS t NBTAE Ay CAtSYylYSé 062E A&

3) Leave the output directory at the default locatig@\Measurements).

b. Ly GKS aLyOfdRS CAtSyl YS

) ! yOKSO] GKS

daSNEJBBESY i

2) [ $F ¥S G¢NI yasSOi bdzyoSNE |

3 [ S 9S aDS23

NI} LIKA O / dZNNBy i

hLliAz2zyaé aSOGAz2YyY

b dzY o

l.:.l

anég o

{ dz2NBSe¢ FyR a{ S|

c. LY GKS a!asS 5F0Ske¢AYS Ay CAtSylYSeé aSOGAzyY
1) { §t SO0 -MM-BDARMMSS).

d Ly GKS a! aS 5SEtAYAGSNIAY CAtS¢ asSoOilAazyy
1) {St SO0 4! yYREENA O2NB¢ ORSTFI

dz

e. Checkinthe Filename Preview section that the above settings are correctly apjiieck

22).

f. Note that these settings can only be enteragithe start of a New Measurement. Once the
Measurement Wizard is closed, filename settings can only be changed by starting a new

measurement.

9. Open he Command Prewvietab.

a. Review all information to ensure thi correct.

b. Ensurethat green checks are present for ADCP and GPS communications.

c. Click the Finish button to complete wizard.

10. Review the Summary Page tabto ensure all information was correctly entered.

11. Click Finish to exit the Measure

ment Wizard.
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12. Verify that GPS data is being collected.
a. Once powered, allow a few minutes for the GPS to connect to available satellites.
b. Click Acquire Start Pinging
c. ClickView > Tabular SPS to confirm the availabjliof GPS dataigure23).

1) External/integrated (GGA) refers to differential GPS data collected by the external GPS
antenna (i.e. SX Blue Il or Hemisphere V102).

2) Internal (GGAZ2) refers to the georeferenced GPS dalteoted by the GPS unit that is
internal to the ADCP.

3) External GPS data is much more accurate than the internal data as reflected in position
(latitude/longitude) digits.

4) The number of satellites will often be less in the external GPS column due tighher
guality threshold for picking satellites (i.e. elevation angle) contained in the external

unit.

5) HDOP s the measure of possible error due to the geometry of the available satellites,
therefore as this value decreases the quality GPS datadeese

a) ldeally HDOP values should be < 2.
d. Click View > Time Series > Graphs > GPS data to confirm GPS dataFsgneaas).
13. Once GPS data has been verified end ADCP pinging by clicking Acquire > Stop Pinging.

Setup Dialog X

Measureme nt Wizard
Output Flename Options

| Use Prefix in Filename

\L

Browse

[ Geographic Curent Survey

\ .
Dialog

A

ise Date/Time in Flename Use Delimiter in Filename:
Outpuit Filename (O No Date/Time (O No Delimiter
Options
Q) Shrt (YY-MM-DD) @ Underscore
o

@ @ Long (YY-MM-DD hhmmss) O Custom C =
Commands Preview
Filename Preview

o
@ C:\Measurements\LEWI\LEWI_000_19-09-18_125811.PD0

4 Back Mext B> X Cancel

Figure22. Required settings in the WinRMEDutput Filename Options dialogue box within the Measurement
Wizard.
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€ GPS Tabular 1 - TRDI [F=8 EEl =<
External/Integrated (GGA) I Internal (GGA2) |
Latitude 40° 0.997299' N 40° 0.997500° N
Longitude 105° 14.786040' W 105° 14.785400' W
Number Invalid 0 0
Number of Sats 7 13
Sats Changes 0 3
Altitude 1609.2 [m] 1600.1 [m]
Delta Altitude 5.0 [m] 0.6 [m]
HDOP 1.0 0.8
Delta HDOP 0.0 0.7
Delta Time 1.5 [s] 80.0 [s]
DGPS Status DGPS DGPS
DGPS Corr. Age 4.0 [s] 0.0 [s]
DGPS Stn. ID 0 0
9® GPS Data Time Series 1 - TRDI ==
GPS Data
HDOP ——Nmb of Sats Quality
8 T
: / \ o el
1 1 R R
8 :
g :
» ) T T T T P T o T P T L DT T P :> ----------------------------------------------------------------
a !
(O] H
200 .__..__..»_._».._>___>___>._>_.a>_._>_._>_.>>__>___>___>_.>__.>_:. ________________________________________________________________
el . i E
1 48 96 143 130
Ensemble Number

Figure23. Above: GPS Tabular window that confirms GPS data is available andis being cBéémtedsPS Time
Series window thahdicatesGPS data is streaming.

F.4 PreMeasurementQAQC: Overview
The following QAQC protocols aretical to quality data collection and must be initiated prior to the
first transect measurement of each ADCP discharge bout.

The following procedures are outlined below:

Set the ADCP clock

Collect a temperature measurement

Execute an ADCP test

Calibratethe internal ADCP compass

Perform a moving bed test and assess moving bed test summary
Configure the reference navigation

= =4 -4 4 - 9

F.5 PreMeasurement QAQC: Set the ADQeck

Prior to the initial transect measuremertté ADCP clock must be $etmatch the PC time (LO).
Failure to properly setthe ADCP clock will result in data files with incorrect timestamps.

1. Set the time zone on the RE(UTQ Coordinated Universal TimEigure24).
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a. Rightclick on the date time in the lower right corner of the screen.

z

G 'ARSSdza
G¢AYS

b. { St SO

c. LY GKS I 2yS¢

RI G Sk

o
0p)
(0p))

RNR LIR26Y =

O
[arN
o-
(@}

2. Inthe WinRiver Il ma screen, click on Acquire > Set ADCP Clock.

3. Set theADCRIlock to matctihe PC timgUTC)
4. 1 £t A0l GUKS a{Si

a. b2GSY 2yt e
selected.

I £201¢
Ot A OVl hoy'sat thé HoBkthéch{YE

odziG2y o
ddifiva ke

Settings

@ Home

Date & time

[ Find a setting D ]

Time & Language Current date and time

3:24 PM, Friday, September 27, 2019
Date & time
@ Region
AF Language Set time zone automatically
@ off
0 Speech

Set the date and time manually

Change

Synchronize your clock

(UTC-03:00) Salvador

(UTC-01:00) Azores
(UTC-01:00) Cabo Verde Is.
(UTC) Coordinated Universal Time

(UTC+00:00) Monrovia, Reykjavik

(UTC+00:00) Sao Tome

(UTC+01:00) Casablanca

*Some of these settings are hidden or managed by your organization.

(UTC-02:00) Coordinated Universal Time-02

(UTC+00:00) Dublin, Edinburgh, Lisbon, London

Figure24. Setthe PC used for the discharge measurement to (UTC) Coordinated Universal Time and match the
ADCP clock to this setting.

F.6

PreMeasurement QAQC: Collect a Temperature Measurement

1. Allow the ADCP to equilibrate in the water frleast 5 minutes prior to taking a temperature

measurement with the thermometer.

2. Place the thermometer into the water to begin collecting a temperature measurement.
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F.7 PreMeasurement QAQC: Execute an ADCP Test
This test verifies that the ADCP is functioning properly and communicating with WinRiver Il software.

1. Inthe WinRiver Il main screen, click on Acquire > Execute ADCP Test.

a. Note thatthe ADCP must be ind&l in the mount and submerged in ndlowing water to
obtain the best test results.

2. A series of six tests will be initiated that evaluate ROM, RAM, Communications, RTC, Compass,
and Temperature performance.

a. Check that all tests pass on the left parfete dialog window.
3. After the tests have been run, sensor data will begin to be sampled and displayed in a loop.
4. | tA01 GKS a{iG2L) t/wné¢ YR a{G2L)J t/nné¢ odzilzya

F.8 PreMeasurement QAQC: Calibrate the InternaDEP Compass

A calibrated compass is essential for conducting Moving Bed Tests and for using GPS data as the
navigation referencerhis is a two person tastine staff member musnonitor the calibration data in
real time while another rotates the AREbat.

1. Ensurethatthe ADCP is secured within the trimaran float in the exact position it will remain
throughout the discharge measurement.

2. Ensure that the float is not located near vehicles, steel bridges, or other largenfiergoetic
masses.

3. Check for any materials near the trimaran float could disrupt the compass calibcation
includes tools, tool boxes, cell phones, hot hands, etc. Move these materials away from the
ADCP during calibration and throughout the discharge measurement.

4. Inthe WinRiver Il main screen, click on Acquire > Execute Compass Calibration.

5. Select Use Pitch/Roll?

a. /| tA01 dab2¢ AT GKS !5/t gAftft y2G 0SS adzwaSOoi
test requires two rotations, one for calibration and ofee verification.

b. / fAO01 &, Saé¢ AF GKS !5/t gAft 0SS adzowaSoOd G2
test requires up to eight rotations, four for calibration and four for verificatibypically, ho
pitch and roll calibrationis required.

6. Placing the ADCRd trimaran float on the surface of a (nonetallic) Lazy Susan can ensure
smooth rotation and significantly reduce compass calibration error.
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7. Click the Start Calibration button and wait a moment until the compass is initialized by the
software.

10.

11.

12.

Begin toslowly and smoothlyotate thetrimaran float by handn either direction.

a.

Do not cause sudden accelerations or decelerations.

Rotate thefloat until all of the red bars in the dialogue window have been replaced by a
different dark green colofFigure25).

a.

b.

The greener the bars, the better the data.
If a bar is not dark green, rotate the boat more slowly and more smoothly.

Correct any nomark geen bars when they occurs by going back00 until that bar is
once again highlighted. Then, when it becomes dark green, proceed as before.

Clear and constant communication between the staff member moving the boat and the staff
member viewing the testn the laptop is critical during this period.

Once-calibration rotations are complete, click OK and continue with the verification rotation.

a.

If Pitch/Roll is selected there will be more initial rotations.

Once the verification rotation is completecalibration error will be calculated and presented.

a.

b.

Ensure that the calibration error is less than/&itn for a total error of < 1°

If calibration error is < 2°, the compass calibrationis complete and the window can be
closed (< 1° is preferregitry to obtain this).

LT OI f A0 NI (dardbyaccSgutheR didpas sicaliratiand Epeat calibration
procedures. Look around for magnetic materials that may be affecting the compass. Move
these materials away from the ADCP or move the ADCP agvaytfiem, if possible.

If, after three attempts, a calibration error of < 2° cannot be achieved, reference the
troubleshooting steps below.

1) If, following troubleshooting, a compass calibration of < 2° cannot be achieved, accept
the lowest calibration aor possible and proceed.

2) Document this occurrence as a note in the Remarks Section, it will be a very important
component in evaluation the measurement during ppsbcessing.

Once complete, check that the correct Magnetic Variation Correction vahigeaentered by the
software during the measurement wizard setup.

a.

b.

In the WinRiver Il main screen, in the upper left Measurement Control window, open the
Collect Data node and right click on Field Configuration, and select Properties.

Under Properties, selé©ffsets.
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c. Under Offsets > Compass, verify or set the Magnetic Variation value.

d. Note that other settings can be verified and entered in this window.

Compass Calibration Dialog E x|

nstruchions: rotate around untl aff red bars have baen
eplaced

T q:&w the bar the better the data. 1f your bors are
{ green, rolate more donly,

Use Pich/Rol? - Headng: |
© o pach: |
" Yes Rok= [

Figure25. WinRiver [l compass calibration dialmx Uponinitializing the compass calibration, all baesgin as
brightred as shown above. Perform the compass calibration until all bars are the dark greéndictdgedn the
far rightsideof the color scale.

Troubleshooting Compass Calibration Issues

1 Theremay be too much magnetic interference in the area you are attempting to calibrate the
compass. Ensure that no magnetic materials are near the ADCP. Try moving the boat to a
different area of the stream and repeating the calibration. It may be that mateniahe
streambed (rebar, trash) is affecting the calibration.

1 Computational errors may occur during calibration. If you receive an error message indicating
that a computational error occurred, repeat the calibration and be sure to rotate the ARGP
and smooth Ensure that all points in the calibration display are of good quality (dark green).

1 Communication errors may occur during calibration when using a slow communication Baud

NI} 4GS o LT &82dz NBOSAOBS | a&acCl AthstRIAD@P 3SG OF f A 0 NJ

communications are set to the 115200 Baud rate.

T LT &@82dz NBOSAGS || docn RSAIANBSa¢ O02YLI aa SNNERNI

failed and needs to be performed again.
91 Disable GPS output (if enabled).
0 This is thedast preferrel optionand should be attempted if all large errors are encountered
after all other solutions have been attempted.
o Uncheck the Ext. GPS box in the Measurement Window Configuration Dialog tab.
0 Repeat Compass Calibration test.
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F.9 PreMeasurement QAQC:drform a Moving Bed Test

Moving Bed Tests (MBT) are used to determine if the bed of the dischargesgoisen is in motion. An
un-accounted for moving bed canlea

d to 510% bias in discharge measurements performed with the StreamPro ADCP.

MBTsmust be grformed prior to each ADCP discharge bouinRiver |l software analyzes the data
collected during the MBT to assess the moving bed characteristics of the site and to detect common
error conditions, which may invalidate the test. The loop method is priesHpelow as a means to test
whether a moving bed is present. The loop method must be applied properly, or it may produce
incorrect results.

Note that the accuracy of the loop method is not adequate for mean velocities less than 0.8 ft/second
(0.24 m/s)If mean velocity is below 0.8 ft/s (0.24 m/s), water velocity is low throughout the water
column and the probability that the bed is in motion is decreased. If the bed is in fact in motion at these
velocities (or particles on the surface of the bed argamsit) it is likely that not accounting for it will

exert only a minimum bias in the overall discharge estimation.

A properly calibrated compass is critical to application of the loop method, the error caused by an
improperly or uncalibrated compassan be in either direction, resulting in either more or less moving
bed than actually is present.

To perform a moving bed test:

1. Beginthe MBT from an initial poinbn the near shoravhere you will be able toeturn to with
precision(Figure27).

a. Navigate the boat to a starting location near the edge of the water on the near bank.

b. Use a ziptie, clip, Sharpie some device to rkrk thelocation on the tagline where the MBT
will start and end.

2. Inthe WinRiver Il main screen, click on Acquire > Start Pinging (shortcut key: F4).

3. Open the Ship Track graph. This allows for a better view of the boat path as ihdbehow the
velocity pathgFigure26).

a. View > Graphs > Ship Tracks > Ship Track

b. The greensquare is where the float is located when the test starts.
4. On the Acquire menu, click Select Moving Bed Test.
5. { St SOG a[22L) ¢Saidéeé FyR Ot A0l GKS {iGFNI odzitGz2y
6. Once you start the test, immediately bedgmpull the boat across the river to the opposite bank

in a slow and steady manner.
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a. Maintain a steady speed that, if possible, does not exceed the stream velocity.

b. Note that the green square in the Ship Track graph denotes your starting location.

% Ship Track 1 - TRDI =RE=R~=
Ship Track
——{Ref: BT) ——{Ref: GGA) ——{Ref: VTG)
4

e}
P

Distance North [m]
&
S

-45 5}

678 ' '
0.0 -196 209 613 M7
Distance East [m]

Figure26. The WinRiver Il Ship Track window observed during a loop moving bed test. The green box indicates the
boat starting position, the line shows the boat path as itis navigating across the channel and turned back around

toward the stating bank, and the red box indicates the boat ending position.
7. The MBT Test must laatminimum of180 seconds (3 minutes).

a. This duratiorencompasses thigme spent moving théoat across the channel and back to
the near bank.

b. Itis helpful for a stafinember using or nearby the laptop to call out the measurement
duration to the other staff member moving the boat so the speed can be adjusted if needed.

8. When the opposite bank is reached, gergiyl the boatin the other directiond R2 y Qi a G 2 LW |
headback to theexactstarting point where the test was initiated.

a. This is a critical part of the moving bed test, make sure this is a smooth and slow turn by
gentlypulling the tethered line sothat the boat is moving back toward the near shore.
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Bank

Turn around
but do not stop

I

Start here | Return to starting point

Bank

Figure27. lllustration of the Loop Moving Bed Test procedure.

9. Once the boat returns back to the exact starting point oa thar shore where you begdhe
MBT, stop theestimmediately(shortcut: F6 or Acquire > Stop Moving Bedgf).

a.

Note the green square in the Ship Track Graph indicating where thedlbmtocated when
the test began and the red square indicating where the float was located when the test
ended.

LF &82dz R2y Qi KAUG (KS Cc codrifais2lyindidtedngtine I
bed is moving.

10. Review the Ship Track windoRiqure28).

a.

IfthetrackNBR f Ay S0 O2yié4 At dgéeyandredisiigies dndriling
up and the red line is not connected) this may indicate that there is a moving bed.

Ifthe trackdoesnd O2y Gl Ay Iy thedgtenyind Ye sigiiakes areoh topSid
each other and the red line is connec)ethis indicates that a moving bed is likely not
present.

Moving bed conditions willlwayscause the ship track to move upstreayif the ship track
moves downstream the loop test is not valid.

If the trimaran floatwas not returned to thexactstarting point it can esult in the end

point being upstreanor dovnstream of the starting point. This results in a potentially false
positivefor moving bedconditions (endpoint is ugtream ofthe starting point)or an invalid
result (endpointis downstream ofthe starting point).
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== Stick Ship Track 1 - TRDI <= Stick Ship Track 1 - TRDI
Stick Ship Track Stick Ship Track
—%5hip Track -Average ——5hip Track -Average
34 h5.8

3,658 [mis]
&
=

Distance North (Ref: BT) [m]
&=
o
3,658 [m/s]

Distance North {Ref: BT} [m]
=
o

=l

e
—
[y
[

18 H H | ! H | H
-17.9 -ha8 6.4 185 306 -31.8 -122 75 271 46.8

ra
o

Distance East sRe‘l: BT) [m] Distance East (Ref: m

Figure28. Left: A moving bedis likely present (not open loop); Right: a moving bed is not likely present (note
closed loop).

11. Document all relevant notes that apply to the MBT.

a. ToaddanotethatelateGd 2 | &LISOAFAO a. ¢ NARIKG Ot A0l 2y
aSt SO0 4! RR b2iS¢o
12. Review the Moving Bed Test Result window to evaluate the results of thgfitRiTe29).
a. Inthe Measurement Control window, under QA/QC, click on the Moving Bed Test node and

2Ly (GUKS ¢Sad wSadAZa G AO02y F2NJ 6KS (Sad GKI G
nnneovo

b. The Test Result window provides tres that describe the MBT. At the bottom of the
gAYR26 NB TS NKY WilSindidakeSviethen doreedtion is recommended.

) LT I O2NNBOlA2Yy Aada NBO2YYSYRSR:Z OKSO1l G4KS
This will apply a correction tdné measured discharge to account for the moving bed
velocity.

a) If amoving bed is detectddnd GPS data is vglidhe Navigation Reference must
be changed from Bottom Track to GB®¢tionF.10.

(1) On the main WinRiver Il screen select Configure > Reference and change
referenceGPS (GGA)

b) If GPS is not available then Bottom Track should be used as the reference navigation
(SectionF.10.

(1) Document this in thenain measurement file remarks window.

(@) To add a note to the main Remarks section of the measurement file; right
clickSite Information on the Measurement Control window.

(b) Enter notes into Remarks section.
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c) Once the correction has been applied and the appropriate reference navigation has

been set, proceed with the next praeasurement QAQC procedure.

2) If acorrection is not recommended and ather aspects of the MBT are vatlien no
correction is needed rad Bottom Track can be udas the reference navigation.

a) Proceed with the next preneasurement QAQC procedure.

Test Result

Result:

Time:  18/05/02 15:56:47 Copy Close

Type: Loop Test

Distance Made Good: 0.192
Loop Time: 358.400
Moving Bed Velocity: 0.001
Moving Bed Direction: 144.767
Water Velecity: 0.657
Flow Direction: 239.021
Delta Flow Direction: 5.341
Percent Bad BT: 0.000
Estimated § Correct.: 0.000
Mean Near Bed Velocity: 0.358

Moving Bed Test Results Processed on: 05/02/2018

Filename: H:\NEON\Discharge\River Discharge\Post-Processing\Post-Processed Files\2018\DO3\F

(m]

[a)
[m/s]
[degrees]
[M/3]

Loop time > 180 seconds

[degrees]
[degrees]
[percent]
[percent]
(m/s]

NOTE: Moving Bed Vel. (MBV) < Minimum MBV Criteria

Sl

No Correction Recommended <%

Water Velocity > 0.24 m/s

Test result: No moving bed

Figure29. Moving Bed Loop Test Result window. In this example the required conditions were metto in order to
evaluate a moving bed (Loop time, water velocity) and a moving bed was not detected (the moving bed velocity <

the moving bed velocity criteria), thus orrection was recommended.

13. If there is confusion whether or not the MBT was completed correctly or questions arise
interpreting the results, consider the following common sources of errors associated with the

Loop Method.

a. Water velocity must be > 0.24/s in order for a moving bed to be evaluated.

1) If velocity is below this threshold a loop test cannot be evaluated by WinRiver II.

2) At low velocities such as these it is likely that a moving bed is not present or is negligible
in terms of affecting meagad discharge.

3) Conducting an additional loop test is not required.

4) Proceed with the preneasurement QAQC procedures in this instance.
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b. Systematic compass errors.

1) Check the direction of the velocity vectors (blue lines) during the Loop Test in tke Stic
Ship Track window. They should be pointed in the same direction during both loop
paths.

2) If vectors are in opposite or in an erratic direction this is a symptom of poor compass
calibration.

3) Conducting another compass calibration followed by a secoBd khay be helpful.
c. Bottomtracking bias and uncertainty.
1) Check the Velocity Contour Profile associated with the Loop Test.
2) Are there large unmeasured areas along the streambed?
a) If soa MBT may be difficult to validate.

3) Conducting another MBT alongdéferent transect (upstream or downstream) may be
helpful.

d. Failure to return to the initial starting point.
1) Ensure that the float was returned to the exact starting location at the end of the MBT.
2) Make sure that you ended the MBT at the exact time yeaiched the starting location.

e. Irregular or insufficient sampling of the cross section because of loss of bottom traek, non
uniform boat speed, and loitering at the banks.

14. If any of the above criteria are in doubt:

a. Conduct anotheMoving Bed.oop Test in a slow, steady manner with a smooth transition
atthe opposite bank.

b. It may be helpful to begin theesondLoop Test from the opposite bank or from a different
transect location.

1) Be sure not to get too far away from where you will be atitey the discharge
measurement.

15. If, after the second Loop Test the results are still uncleag the GPS as the reference method
(if available)

16. If, after the second Loop Test the results are stillunclear, and GPS is not available, conduct a
Stationary Mving Bed Test.

a. Stationary Moving Bed Testan only be used to determine if there is a moving bed, not
correct for one, therefore only use thispfoblems occur duringhe Loop Bst and GPS data
is not available.
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b. To conduct a Stationary Moving Bed Tes

F.10

1)
2)
3)
2)
5)
6)
7)

Move the trimaran floato the thalweg or deepest section of the stream.

In the WinRiver Il main screen, click on Acquire > Start Pinging (F4).

On the Acquire menu, click Select Moving Bed Test.

{StSO0G a{dGFraGA2yI NB ¢Sadé¢ FyR Ot A0l GKS {dt
Hold the ADCP in that location forlaaist for 300 seconds (5 minutes).

Stop the test (shortcut: F6 or Acquire > Stop Moving Bed Test).

Add any pertinent notes to the Stationary Moving Bed Test.

a) RRIKG Of AO] 2y GKS (SaR ¥ARSODA®SPOR Gl &b §a

Review the Moving Bed Test Result windovetaluate the results of the test.

1)

2)

If a moving bed is detected and a correction is recommended, check the box to the left
oftheMBT(.ed[ 22L) nnamé 0® ¢KAA gAff FLILX& | O2NNE
account for the moving bed velocity.

a) Continue to use Bottom Track as the Reference Navigation (since GPS data is not
available).

b) Document this in the main measurement file remankadow.

(1) To add a note to the main Remarks section of the measurement file;clipht
Site Information on the Measurement Control window.

(2) Enter notes into Remarks section.
c) Proceed with the next preneasurement QAQC procedure.

If a moving bed is not detected proceed with the next-preasurement QAQC
procedure.

PreMeasurement QAQCConfigure the Reference Navigation

The reference navigation determines how the direction or bearing (headirige ahstrument is
measuredThe bllowing references are available during an ADCP discharge measurement:

1 Bottom Track

ADCP BottonrTrack velocity (standard configuration)

This igprimary choicdor the reference navigation if a moving bed was not detected.

The ability of the ADCP to Boin Track can become comgmisedduring periods of high
turbidity and suspended sediment concentratiq®SC)An overload of scaterrers are
produced in these conditions which prevent the ADCP beams from reaching the bottom and
measuring velocity throughauhe channel profile. If turbidity is high and the ADCP is having

0]
0]
0]
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difficultly bottom tracking (this is evidenced by a large bands of missing ensembles in the
velocity contour profile and warnings in the Measurement Control Window), consider using
GPS agdie reference navigation.

1 GPS (GGA)
o Differential GPS position from NMEA GGA string (WinRiver Il will differentiate position to
calculate velocity)

o Ifamoving bed is detecteahd/or during periods of high turbidity and suspended sediment
concentrationthis is theprimary choicdor GPS reference as GGA data contains more
information than VTG.

o GGAmessages can be affected by multipath errors caused by large trees or structures
nearby the measurement site.

1 GPS(VTG)

0o GPS velocity from NMEA 0183 VTG string

o Ifamoving bed is detectednd/or during periods of high turbidity and suspended sediment
concentrationthis is thesecondary choicéor GPS reference as VTG data serves as a backup
for GGA.

0 VTG messages are not affected by multipath errors but VTG GPS data is oftentimes less
accurate than GGA, particularly when moving at lower speeds.

If a moving bed was not detected during the yiis premeasurement QAQC procedur@dctionF.9

and turbidity/SSC levels are ldins always preferredto use Bottom Track as the reference ndwiga

This allows for the boat movement and water movement to both be referenced to the instrumdet.

that GPS data should still be configured and collected even if it is not used as the reference navigation.

If a moving bed was detecteahd/or turbidity and SSC levels are high enough to adversely affect bottom
tracking GPS reference is preferred. GPS data can also be used as a good quality indicator of the Bottom
Track data as well.

To change the reference navigation:

1. Inthe WinRiver Il main scregclick on Configure > Reference.
a. Ifamoving beds notpresenE Sy ddzaNBS GKF G . 2002Y ¢N»F O1¢é Aa

When bottom track is used as the velocity reference, the speed of the ADCP over ground is
subtracted from the measured relative velocitygive true Earth referenced water velocity.

c. If, following a moving bed test, a moving hisdresentand GPS can be utilized, chod3BS
(GGA as the reference navigation.

d. If GPS does not have enough satellites to acquire a strong signal, Bottdoshoa be
used as the reference navigation.

1) The number of available GPS satellites is shown by selecting View > Tabular > GPS
(Figure23).
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2) The absolute minimum number of satellites needed to provide a position is 3.

3) Position will not be as accurate until at least 4 satellites are available due to timing
limitations of GPS ivers.

4) The greater the number of satellites, the greater the position accuracy, 7+ is preferred.

e. GPS latency canbe detected using the Ship Track wan@éiew > Graphs > Ship Tracks)
(Figure30).

1) Compare the red lines (Bottom Track) vs the blue and greenlines (GPS).
2) Separation between GPS and Bottom Traely denote

a) GPS latency.

b) Thatan offset is required to the External Heading.

(1) SeeSectionl.3for details on applying External Heading offsets.

= Ship Track 1 - TRDI

=

Distance North [m]
g 3
in Y]

&
=
i

o
=
=]

&
S

Distance North |m]

o
w
(]

205 i i
-2142 -125.8 -375 509
Distange East [m]

1393

Figure30. AboveBottomTrack and GPS data are in good agreement, indicating proper compass calibration, an
accurate Magnetic Variation value, and low GPS latency; Below: Bottom Track and GPS data are in poor
agreementjndicatingpoor compass calibration, an inaccurate Magn¥tciation valugeandor high GPS latency.
F.11 ConductDischarge Measuremestwith the ADCP and Trimaran Float

WinRiver |l softwarealculates discharge using reahe velocity measurements acquired during
transects across the stream. Perform the followirigps in order to successfully collect a higimlity
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stream discharge measurement using the ADCP method at wadable streanksithsstep is presented
in greater detail throughout this section.

Start ADCP pinging.

Establish transect start and end points

Enter staff gauge heiglprior to each transect measurement.
Measure discharge across the channel (minimum 4 transects).

Evaluate whetheadditionaltransects are required.

o a &~ 0w N e

Save transect locations (optional).

1. Start ADCP Pinging

Setting the ADCP to start pinging enables ADCP and GPS data collection. In general, after you have
started the ADCP pinging, there is no reason to stop pinging until you are firitsnedtire discharge
surveyand ready taemove the ADCP from the watekn exception would be if you were operating

with batteries oflimited capacity, under that circumstans&ppingADCRinging will conserve power.

1. Ensure that the trimaran float is in the water and the ADCP and GPS antenna are powered on.
2. Press F4 to stathe ADCP pinging (or Acquire > Start Pinging).

3. In afew secondgnsembles will begin to be generated astthnging valuewill appear within
several of theVinRiver Il data windows.

a. Anensemble is the data output generated by multiple ADCP pings thatvaeraged
together. Ensembles are tracked in numerical order, timestamp, and position.

b. If the ADCP is positioned in sufficient depth, velocity profiles will become available.

c. Note that WinRiver Il will not display meaningful data unless the triméoanis in the
water.

4. If enabled, GPS positions will be displayed at the bottom of the Composite Tabular display
window and valid GGA positions are being received from the GPS system. External Hatading
will be displayed if that functionality enabled.

5. The ADCIan continugpingingwhen it is not in the water.

2. Establish Transect Start and End Points

The locations at each side of the channel where the discharge measurement begins and ends must be
established before recording discharge transect d&acause stream depths eventually become too
shallow for valid data collection as the ADCP approaches a bank, it is necessary to estimate discharge in
the nearshore unmeasured zones using the WinRiver |l aite@Qsoftware. To ensure the accuracy of
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nearshore discharge estimates, the distances from the edge of water to the starting and stopping
points of each transect must be measured using a distaneasurement device (such as a laser or
optical rangefinder), tagline, or some other accurate measurendewice.

Placing markers on the Guideline Rope (zipties, carabiners, flagging, etc.) at the start and end points of
transects is advantageous for keeping consistent edges and ensuring that the sameemtiss profile

is measured during each transectt I§ not possible to reach the opposite side of the river to measure

G§KS SR3IS RAA&AGIYOS: GKS a5ArAaidlyO0S abD wal RS D22R6¢
Tabular 1 window can be used to calculate the edge distancetfimnsect end pointo the edge of

wateron the opposite bank

Other notes on transect start and end points:

1 Measurement uncertainty increases as the distance increases between the start and end points
and the edges of water due toless measurements and more interpolation.

1 Tryto ensure that the velocity profile at the start and end locations are representative of the
velocity profiles leading up to the bank in order to limit interpolation bias.

1 Inchannels that contain vertical walls at the edges, start and end plmintsansects should be
no closer to the wall than the depth of water at the wall to prevent acoustic interference from
the main beam or side lobes impinging on the wall.

o For example, if the depth at a vertical wall is 10 feet, transects sktattior stop at least
10 feet away from the wall.

 Ifthecrossa SOG A2y KIFa 0SSy YSIFadNBR LINBGA2dzate Fd
can be utilized to help determine the start and end points that were previously used and to help
navigatethe floatacross the channel.
0 SeeSectionF.11for instructions on loading available locations and how to save new ones.

To establish transect start and end points:

1. Move the trimaran float just off the edge of water on the near shenel into open water until
the ADCP transducers are submerged.

2.b2GS GUKS ydzyoSNJ 2F aD22R . Ayaé tAaAGSR Ay GKS
panel of the main WinRiver Il scre&igure31).

a. ¢ g2 & D3 @Rdepth cellsyre required in order to start and end the transect
measurement.

3. Using the Control Rope, move the fladbwlyaway from the bank until the tabular display
indicates you a at a sufficient depth to set the transect start point (>2 Good Bins, closest to 2
is preferred).
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4. Markthis location on the Guideline Rope with a physical marker (ziptie, carabiner, flagging,
etc.).

5. Using the Control Rope, move the fladowlytowards the opposite shore.
a. Travel smoothly and slowly with the bow of the boat pointed upstream.

6. While movinghe floatacross the channgbbserve the Velocity Contour graph to view channel
conditions andensure that the ADCP is working as expected with the loaded configuration.

a. Observe the Velocity Contour Profllecated on the bottom panel of the WinRiver 1l main
screer(Figure32). This display illustrates water velocity and depth across the channel.

1) The very top and the very bottom of the channel will always be unmeasured by the
ADCP and discharge in these locations will be interpolated. Thentopasured area is
a function of transducer deptand the blanking distanag the instrument, the bottom
unmeasured area is to prevent any side lobe interference which would adversely affect
the measurement.

2) Vertical white bands within the profile arexmeasured areas that can occur for a
variety of reasons including biota, woody debris, physical structures, or simply moving
the float too fast or abruptly across the channel.

a) Work to limit the number of white bands in the profile as an increase in
unmeasured area results in an increase in measurement uncertainty.

b) If the unmeasured area within the crosgction is significant a different discharge
transect upstream or downstream may be necessary.

3) Note regions where the channdepth changes abruptl

a) Make a mental note to move more slowly across these regions during data
acquisition to help bottom tracking maintain a valid lock on the bottom.

7. As the float approaches the opposite sha@e the Number of Good Bins in the Composite
Tabular window Figure31) andstop the float at the opposite edge of water where two good
bins are available.

8. Markthis location on the Guideline Rope with a physitaitker (ziptie, carabiner, flagging,
etc.).

9. Proceed tahe next steponce ransect start and end points are established at each side of the
channel
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Ens. Nmb. m Lost Ens
239 0
Bad Ens. %Bad Bins Delta Time
0 0% 064
November 13, 2018 16:10:13.74
Pitch Roll Heading
-8.21° 484 159.78°
Temp. Press Sensor
18.19°C
Discharge (Ref: B) Left to Right
TopQ 0000  [ms]
Measured Q 0003 [m¥s]
Bottom Q 0.001 {mérs]
Lefi Q 0000 [m¥s)
Right Q 0000 [ms]
[m¥s)
MET Corrected Q [m¥s]
Navigation (Ref: BT)
s
Boat Course 219.47 1
s
Water Dir. 187.60 [y
Calc. Depth 2303 m)
Length 0.01 [m)
m
Course MG. 219.47 ]
uration 0.64 sl
GeoRef Latitude 31°10.989400° N
GeoRef Longitude 84° 26.297900° W
Latitude
Longitude

Figure31. Composite Tabular window in WinRillggreen boxNumber ofEnsembles (hold until 10 at transect
start/end points)red box:Number of Good Binsrust be >2 to begin transg¢purple box:Total Discharge; blue
boxes:Water andBoat speed; orange boKistancemade goodiG =total transect length); browibox: Duration
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Figure32. Unmeasured areasin the ADCP profile where velocity is extrapolated. Top left: ADCP blanking distance
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and cell size distribution (credit: SonTek); top rigihtneasured areas of the profile relativeACP beams
(credit: SonTekpelow: theWinRiver Welocity contour with unmeasured areatelineated.

3. Enter Staff Gauge HeightiBr to Each Transect
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The staff gauge height must be entered prior to each transect measurement using the Fulcrum app. The
mean gauge height recorded prior to all transect measuents is the stage value associated with the

mean discharge measured during all transect measurements. Notes regarding conditions observed
during individual transects (high/low flows, changing gauge heights, wind conditions, the passage of
other vessels gring measurement, any noteworthy events, etc.) can be entered in the main Remarks
section of the Measurement Wizard as well as in the individual transect notes.

Gauge height observation and recording must immediately precede the transect discharge
measuementso the stage level during the discharge measurement is accurately characterized.

To enter the staff gauge height prior to each transect measurement:

1.
2.
3.

10.
11.
12.
13.

14.

Open the (AOS) Field Metadata and Gauge Height [PROD] app in Fulcrum.
Enter the appropriate inflanation in the Metadata, Spatial and Temporal Information tables.

Ly GKS {GFr3S I SAIKG GFrofSE SYGdSNI G§KS OdaNNBy i

field.
a. Note that this does not necessary have to equal the staff gauge height pribe tirst
measurement transect.

' YRSNJ GKS {GFr3S 1 SAIKG GFroftS y208S GKS a/ 2t SO

asSt SOl &, Saé¢o

/I tA01 GKS a!'5/t ¢NIyasSOd {GFr3S aSladNBYSydss

Click the red plus (+) button at the top right oktlvindow to create a record.
Enter the time the staff gauge is measured in the Staff Gauge Height Reading Time field.

a. This must be done immediately preceding the discharge measurement.
Enter the Staff Gauge Asset Tag.

a. This is located on the top of the $tgauge you are reading.
Enter the Transect Number.

a. This must correspond to the transect number generated in WinRiver I1.

b. By default, transect numbers begin at 000 and increase to 001, 002, 003, etc.
Enter the Staff Gauge Height.
Enter the Stafauge Height units.
Click the green check button in the top right corner of the window to save the record.
Additional ADCP Transect Stage Measurements can be added by clicking the red plus button at
the top right of the window.
ADCP transect stage measurents can be deleted by clicking the black X button to the left of
each record.

a. Records should be deleted if:

i. Errors are presentin any of the fields.
ii. The measurementtransectis not to be used in the calculation of total discharge
(the transect willemain unchecked in WinRiver 1l due to measurement error,
the transect was started by mistake, etc.).
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15. The ADCP Transect Stage Measurements window should remain open throughout the discharge
survey so that staff gauge height can be measured prior to eacis&ic measurement.

16. The window can be closed by clicking the green check mark at the top right of the window once
all transect discharge measurements are complete.

17. Enter Weather Information, Post Fieldwork Observations, and General Comments information
to the record as needed.

18. Click the green check mark at the top right of the window to save the record.

19. Fulcrum data will load automatically when the record is saved and the device receives a wireless
internet signal.

4. Measure Discharge Across the ChanfMinimum 4 Transects)

Il aGN}yasSoié Aa O2yaARSNBR F aAy3atS RAAOKINBS YSI
on one side of the channel and ends at the transect start/end point on the opposite side of the channel.

Each ADCP dischargewy must contain a reciprocal number of transects (i.e. if a transect is measured

from the near bank to the opposite, another transect measurement must be included from the opposite

bank to the near bank). A minimum of four transects are required for @&2GP discharge survey but

more may be necessary. Each transect must last a minimum of 180 seconds and the total time for all

transects must be >720 seconds.

Complete the following steps to measure discharge during each transect:

1. Hold the position of the trimaran float steady at one of the marked transect start or end points.

2. Using a stadia rod, meter tape, or laser range finder, determine the distance from the transect
start point to the edge of water. This is referredtoas¢eh& RIS RA &Gl y OS¢ o

a. Measure the area from the center of the ADCP to the edge of the water.

b. If using a rangefinder make sure that the laser is not hitting leaves or branches hanging over
the channel. Take a few shots and make sure they are all the same.

c. L Al Aa y20 LRaaroftS G2 YSIFadaNB GKA&a RAadGLlY
[MaRS D22R6¢ @F fdzSa RAaALI I @SR 2y (GKS NARIKG aa
calculate the edge distance from beginning/end of the transect to the adjacent edge of
water.

d. If you start from the same location for each transect, this distance doeseawed to be
measured each time (it is recommended to mark the transect start point for this reason).

3. Click Acquire > Start Transect (shortétto begin data recording.
a. Note that the measurement has now been initiated.
4. When prompted, enter the edgdistance (measured iStep 2.

5. Define whetherou startedthe measurement from the left or right bank.
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a. When facing downstream, the left bank is on your left side.

6. Hold the position of the float at the transect start point for at least 10 shore ensesnbl

a. Thisis equivalent to aboulO seconds.

b. The rumber of ensembles can be viewerthe Composite Tabular windowigure31).

7. Once 10 ensembles areaerded at the transect start point use the Control Rope to slowly and
steadily move the float toward the opposite bank.

10.

11.

Move the floatslowly and steadilyacross the channel.

a. The total duration of each transe@hoving the float from one side of the channel to the
20KSND Ydzad oS x myn aSO2yRao®

b. The cumulative time spent measuring each transedirectly correlated to measurement
quality.

1)

The slower and steadi¢ine float crosseshe channel thenigher the datajuality.

c. Maintain an average boat speedthatis less than or equal to the water velocity.

1)

2)

3)

Water vs. Boat speed can beonitored usingthe Water Speed vBoat Speed graph.
a) Clickview > Graphs > Time Series > Water/Boat Sgegdre33).

When water velocity is very slow, keeping the boat speed below the water velocity may
not be a possible (or practical) approach. Under these conditions the smootbhess
boat operation becomes critical.

Avoid fast and sudden accelerations.

d. Thebow of thefloat should always be pointed upstream so that the boat craiysmoves
across the channel.

1)

If this is notoccurringmake necessary adjustments to the Trimaran Rope

e. Observe data displayed on other graphs as needed to monitor data quality.

1)

Click View > Graphs/Tabular to explore other graphical and tabular interfaces.

a) Graph display settings can be configured btrigicking on the graph and selecting
Gt NELISNIASa¢ o

Continue across thenannel until you reach theansectendpoint on the opposite shore.

Ensurehat two good bins are availabb this location usinghe Composite Tabular window
(Figure31).

Hold thefloat steady at thidocation and wait until at least 10 shemensembles have been
collected.

a. This is equivalent to about 10 setuts.
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b. The number of ensembles can be viewed in the Composite Tabular wiktpue&31).

12. Using a stadia rod, meter tape, or laser range findetermine the distance from the transect
SYR LRAY(G (2 GKS SR3IS 2F 61 GSNW ¢KA& A& NBTFSNJ
a. Measure the area from the center of the ADCP to the edge of the water.

b. If using a rangefinder make sure that the laser is not hittingdsar branches hanging over
the channel. Take a few shots and make sure they are all the same.

c. LT Al Aa y2G LRaaroftsS G2 YSIFadaNBE GKAa&a RAadGl Yy
wal RS D22R8¢ @I fdzSa RA&LI | @ SRardyWindowkt& NAIKG &
calculate the edge distance from beginning/end of the transect to the adjacent edge of
water.

d. If you end from the same location for each transect, this distance does not need to be
measured each time (it is recommended to mark the trangectpoint for this reason).

13. Click Acquire > Stop Transect (shortcut: F5) to stop data recording.
a. Note that the measurement has now ended.

14. When prompted, enter the edge distance (measure8tep 13.

15. Define whether you ended the measurement at tké or right bank.
a. When facing downstream, the left bank is on your left side.

16. To add notes that document important information relating to each transect right click on the
transect node in the Measurement Control window (upper left pane in the WinRiveain
a0ONBES0 IyR aStSOG 4! RR b2iS¢o
a. Notes that describe individual transect measurements help explain the data that was

collected and are thus extremely beneficial to ppsbcessing/data QAQC. Always provide
clear, descriptive documentation regand the discharge measuremeixample®f
individual transect notesclude:

1) ¢! oFNBS Syl G(KNRBEAKINNYK28DG2¥SRAURBYGHG &
2) ¢ KS GAYR LAO|I SR WHS ORNIAVRSOIF 0¥ I RdAMNB Yy (0 € «
3) LG 61 a4 RATTFAOMA (yleészhantheingail velboffy df theaiget (i BSt 2 O
duringd KS G NJ yaSOil YSI adNBYSyid RdzS (G2X¢ o
4) Gt 22NJ 02 iGPYtradkiNg o€ziirded/ddring this transect this measurement
RdzS .i2X¢
5 awA @I A0dIISEFNER G2 NARASKTFIEE RdNAYy3I GKAA 0
6) a1 AIK acBehthaoyviaspreseRdzNA Yy 3 GKA& GNI yasSoOhé o

17. Thetransect measurement is now complete.
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18. To view the data you collected during the transect open the node (+) under the Transect name
in the Measurement Control windoand doubleclick the disc button.
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Figure33. Water Speed vs. Boat Speed graph. Above: Improper technique. The boat speed (purple line) is erratic
and higher than the water velocity (red line). Below: Proper technigue. Maintain an evenboat speed so thatthe
purple and red lines are more in line and boat speed remains generally lower than water speed.

Collect (At bast) Three Additional Transect Discharge Measurements (Minimum of Four Total)

Repeat the previous steps, moving the trimaran float across thergidrom each transect start and

end pointuntil a total of four transects have been measured (two in each directéddmpinimum of four
transects (each lasting a minimum of 180 seconds) must be collected during each discharge
measurement, two in each diction. The measured discharge is the average of the discharge collected
during each transect.

Enter the staff gauge height prior to each transect measurementinthe Fulcrum app. Record all other
notes in the individual transect notes and/or the Remasfksdow of theWinRiver IBite Wizard

(typically notes that affect all transects can be entered in the Site Wizard notes and notes that affect
individual transects are to be entered in the individual transect notes).

A new data file and Transect nodelviié created in the Measurement Control window each time you
start and stop recording during each transect (ex: Transect 0000, Transect 001, Transect 002, Transect
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003). Once the fourth transect is complete stop data collection and evaluate whether addiitio
transects are needed.

5. EvaluateWhetherAdditional TransecsAre Required

More than four transects must be measured if:

1. Total duration of all transects does not exceed 720 seconds.

2. The discharge measured during at least one transect is greater than 5% of the average discharge
of all transect measured.

3. An observed gauge height change is associated with a notable change in discharge for a given
transect.

Evaluate the total duratioof all transects:
1. Inthe Measurement Control window (top left panel in the WinRiver Il main sceen) ensure that
each transect measurement you wish to evaluate is checked.

a. Uncheck any Transects were measured that contained errors and are not meant to be
included in the evaluation.

b. A minimum of four reciprocal transects (that do not contain errors) must be checked.

2. Inthe WinRiver Il main screen, hit the F12 button to bring up a summary table that provides
information on each transect measured.

3. {ONRftt 2@0SN) G2 GKS FAFOIK G2 fFad O2fdzyrys a5 dzNJ
9y adaNBE GKFG SFOK GNYXyaSOh RdNY GA2y Aa x myn asSozy
seconds.

4. If individual and total transect duration requirements are met, proceethtonext evaluation

step.

5. If anindividual transealurations is< 180 seconds or the sum of all transect duratiares< 720
seconds, collect two additional transect measuremdnegiprocal pairs of transects must
always be measured, one that begins from each siddethannelland reevaluate the
summary window

Evaluate the discharge of each transect relative to average discharge of all transects:

1. Inthe Measurement Control window (top left panel in the WinRiver |l main sceen) ensure that
each transect measuremegibu wish to evaluate is checked.

a. Uncheck any Transects were measured that contained errors and are not meant to be
included in the evaluation.

b. A minimum of four reciprocal transects (that do not contain errors) must be checked.
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2. Inthe WinRiver Il maiscreen, hit the F12 button to bring up a summary table that provides
information on each transect measuréelgure34).

3. Note the value listed in thiifth column,& ¢ 2 (i ,lfof eashdransect row.
a. This is the total discharge measured during each transect.

4. b20S GKS O t dzS StéA NBRIR 24y 1KKES act!12dINT 3¢ O02f dzYy @
a. This is the average discharge of all transectameed.

5. b20S (KS @lFtdsS tAaGSR Ay (GKS AAEGK O2fdzYyx a5

a. This is the percent difference of total discharge measured during each tramdatitveto
the average discharge acrasitransects.

6. Ifthe Delta Q value fagach transectis)X peischargeequirements are meand no additional
discharge transects are necessary

a. Proceedo the next evaluation step.

7. Ifthe Delta Q value fainy individual transeds > 5%:

a. Collect two additional transect measurements (one fromteaile of the channel) and+e
evaluate the summary windoreciprocal pairs of transects must always be measured, one
that begins from each side of the channel)

1) Note that under changing hydrologic conditions (stage is rising or falling) Delta Q
requiremens may be difficult to meet.

2) If stream stage was fluctuating dramatically throughout the transect measurements,
proceed to the next evaluation step.

3) Astotal measured dischargalues decreasduring the low flow regimeachieving< 5%
Delta Q valuesdromes increasingdifficult.

a) The instrumentation approaches the lower limits of its measurement abilikyvat
stages and there is an overall increase in uncertainty when measuririplow
dischargeénvironmentalfactors such as bed and bank geometry exert a larger
influence on velocity paths and can adversely affect measurement ability).

b) A high level of presion is required to obtain repeatable discharge values per
transect

c) As more measurements are collected a given site over time, Science and Field
Science staff can work together to develop applicable Delta Q thresholds based on
stage levels.

b. If Delta Q values still exceed 5% for a given transect collect two additiomesleica
measurementgreciprocal pairs of transects must always be measured, one that begins
from each side of the channegnd reevaluate the summary window.
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c. If, after collecting a total of 10 transec@@elta Q values still exceed 5% for a given transect
proceed to the next evaluation step

1) Submit atrouble ticket to Science upon return to the office.

d. Keep in mind that the more transects that are measured increttseprobability that the
true meandischargewill be measuredut it alsancreases th@robability that anoutlier
measurement will be collected

3¢ Discharge Summary - TRDI (=R

Transect Start Bank #Ens Start Time Total Q Delta Q TopQ Meas. Q Bottom Q Left Q Left Dist. Right Q
mefs % me/s m¥s me/s m¥s m m¥fs

01000 Right 417 19:27:56 1151.505 1.92 67.125 957.347 120.280 2.978 9.00 3775
01001 Left 487 19:33:48 121.736 0.7 64.965 933.882 114.248 2344 9.00 6.297
01002 Right 469 19:45:47 1123.982 0.51 65.115 932.999 116.472 3.878 11.60 5.518
01003 Left 398 19:52:15 121.822 0.70 65.398 934.828 114.624 2.516 11.60 4.451
Average 442 1129.761 0.00 65.651 939.764 116.406 2.929 10.30 5.012
Std Dev. 42 14.533 129 0.999 11.746 2.760 0.687 1.50 1.17
Std.J| Avg.| (%) 9.50 1.29 0.00 1.52 1.25 2.37 23.46 14.57 22.29

Figure34. Discharge summary window in WinRiNeFhe red box highlights Delta Q values. In this example all are
< 5%, an indication that no additional transect measurements are required.

Evaluate changes in transect discharge relative to changes in gauge height

Gauge height must be observed andastedin the appprior to each transect measurement in order to
calculate mean stage and assess unsteady flow conditions. Unsteady flow conditions occur during
periods of rising or falling stagehich may occur during or immediately following heavy raiergs,
upstream dam or lock flow regulation, tidal effects, downstream backwater effects, or flood waves.
Always document unsteady flow conditionstie main Remarks section and/or individual transect
notes.

If a gauge height change is associated witiotable change in discharge for a given trangieet > ~3%
of the mean):

1. Attempt to collect a pair of reciprocal transects that correspond with a given gauge height.

2. If stageis changing too rapidly and this is not poss#aee transect locatidiles (if needed)
andproceed toSectionF.12

3. Submit arouble ticket to 8ience upon return to the office.

6. Create Transect Location Filé3ptional)

Location files use GPS data to save the location of transect start and end points so that they can be
utilized during subsequent discharge surveys. This feature cannot be uiilG&$6 dataas not

integrated into the measuremenOnce a transct has been measured it appears in the WinRiver Il
Measurement Control window, and the location can be saved. Multiple transect locations can be saved
using unique files names (i.e. if discharge was measured 5 meters upstream during a particular survey).

To create a Transect Location file:
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&

1. Complete a discharge measurement at a given transect.
2. ldentify the transect locationto be saved in the WinRiver || Measurement Control window.
a. The discharge measurement associated with the transect cashin GPS data.
3. RickOf AO1l 2y (GUKS GNI¥yaSOli y2RS Figwe®5).aSt SO0 a5STFAy
4. The Edit Locations window will appear.
a. Click on tle map to zoom.
5. Enter a Location Name and any relevant notes about the transect.
6. Click the Save & Close button.
a. ,2dz YdaAad Of A0l GUKS a{l @S g [/ t2aSé¢ odaitzy G2
b. Selecting Cancel or closing the Edit Locations window will not createchtion file.
7. Click Save on the Save Location screen.

a. The *.dat location file will be saved to the\®leasurement$Locations folder by default,
this location can also be edited.

% MeasurementCtrl - TRDI EI@ W Intensi
Miss at Knox Landing RR_0.mmt
----- & Site Information 0.0

Site Discharge Dlr
[¥] Transed
[#] Transec Transect Subsection... Alt+F8
[v] Transed
-[#] Transeci
[#] Transeci Define Transect Location
[w] Transect 006

-[¥] Transect 007

-[w] Transect 008

—

Reprocess Transect Shift+F5

Add Mote Ctrl+K

o [ ) - B -

Figure35. Defining transedbcationsin WinRiver lI

F.12 Evaluating the Discharge Measurement in the Field

Following the completion of the discharge survdag following data review steps must be completed:

1. Review, finalize, and save data in WinRiver II.
2. Check measured discharge vafigainst the stagelischarge rating equatidfif available)
3. Review data in @ev.
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Data review must be conducted while still on site so that the discharge survey can be repeated if
necessary.

Review Finalize, and Save Data in WinRiver |1

1. Playback each measured transect and check parameters.
a. Open the node (+) under eachtransect.
b. wA3IKGI Of A0l 2y (GKS ¢NINPDSAE Y o/INCGIERD a6 KISS ¢
appear in all graphs that are currently on display.
c. RightclickonPlayl O1 / 2y FA3dzNI GA2Yy FyR &St SOG at NRLISN

1) Inthe Edge Estimates page on the right, verify that the Begin Transect and End Transect
information was entered correctly.

2) Inthe Offsets page check that the ADCP transducer depth was entered correctly (this
depth should not have changed during the discharge survey).

3) Inthe Discharge page choose the correct Left Bank and Right Bank Edge Type.

a) A custom coefficient value can be entered fiverbankdoes not conform to
triangular or square shape.

b) Consult Scierewith any questions regarding bank coefficiefftese values are
very important in estimating edge discharge.

4) Once ayvalue has been entered in the Playback Configuration > Properties window,
@2dz OFy NARIKG Ot A0 2y KBS PREOT R &8k $DHEO
wish to apply this value to all selected transects.
a) This will apply the setting to all transects in the measurement that are checked.
b) Eachtransect will need to beq@ocessed for this change to be applied.

d. Enter all apptable notes in the generBRemarks sectioand in individual transegctotes, as
necessary.

2. Following the WinRiver Il review save the measurement file on the laptop and a USB dongle for
backup.

a. An.MMT file will be created along with .PDO files that are unique to individual transects.
Each of these files must be contained in a folder on the laptop and backed up onto a USB
dongle.

Check the measured discharge value against the stipharge ating equation, if available:

Once a stagelischargerating curve has been developed and validated for a site, a rating equation is
derived that predicts discharge given stream stage (supplementary information on rating curves is
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available ilAppendix D. Once established, rating equations will be provided to field staff by Science.
Rating equations are commonly expressed as power relationships:

Q=QGch 0
Where
Q = discharge;
G =the stage, or gauge height;

h I GKS 31 dAS NBI RAy3
GFyR i T NrGAy3a OdNIBS

O O«
N N
< z
S
[@xtN b’)
- ax

Following the discharge measurement:

1. Enterthe stream stage (G) into the rating equation thatdsociated with the site.

2. Calculate predicted discharge.

NN

<,
puls
N

=5

3. Evaluate whether the measured discharge is £10% of the discharge predicted by the equation.

a.

If the measured discharge is <+10% than predicted discharge:

1) Another discharge surveyis not required.

If the measured discharge is >+10% than predicted discharge (and the stream stage did not

change during the site visit):
1) Conduct another discharge survey immediately.

2) If, after a second attempt, the measureddharge remains >+10% the predicted rating
discharge:

a) Check the second discharge measurement file for errors using steps provided in
previous sections.

b) Save both discharge measurements.
c) Submit atrouble ticket to Science.

(1) This may indicate a shift inelrating, which, if validated by additional
measurements, would warrant an increase in the frequency of discharge
measurements at the site.

Review Finalize, and Save Data ifR@v

QRewsoftware (USGS) serves a final means to QAQC ADCP discharge data. The following procedures
must be done in the field prior to leaving the site.

1. Open QRev.
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. Open the .mmtfile (the file that was just saved in WinRiver)-Rey.

a. Inthe main GRev windowSelect Data > TRDI > select the WinRiver Il .mmt file

b. Note that the location where the .mmt file is stored must also contain all of the .PDO files
that correspond with the measurement.

Note the color of the buttons on the left side of the main windowhese colors indicate data
guality for specific measurement parameters.

a. Green: Good, no investigation required.

b. Yellow: Problems could be presented and may be able to be corrected, investigation is
required.

c. Red: Problems are present that are negatiadfgcting measurement data, investigation is
required.

{86800 G(KS ahLiiA2yaé oddid2y 6GKA& odzid2y SAff

a. 9yadaNBE GKIFG alyAataégd FNB aSa G2 {Lo
b. Click OK.

Ly GKS YEAY sAYyR265 a48t80G (KS daz2@iy3d . SR ¢§:
a. Uncheck y& GSada GKIFG FNB y24d @FfAR ]
1) b2GS GKS davdz tAGeég NIXraGAy3aZ | yR
b. LT lye GSada O2yiGlAy aaz2@gAiy3d . SR

were valid.

%
i K
rI

c. Note this willchange the measured discharge value.
Evaluate the remaining buttons if they are not green
a. ADCP/Site Info
1) Herethe Station Name and Number can be edited.
b. System Test
1) Provides the results of the ADCP system test.
c. Compass/P/IR
1) Providesheading, pitch and 1 and magnetic variation data for each transect.

a) If the pitch and roll time series data are too high and the extended compass
calibration was not performed,-®ev will apply a flag.

2) This lutton will be yellow if Compass Calibration Error is > 1 degree.
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3) Here you can change the magnetic variation for some or all transects by clicking on the
Magnetic Variation value within the Heading, Pitch, & Roll table.

4) You canview the Compass Cali#ayi RI i o6& Of AO01Ay3a GKS a
Compass Cal/Error on the right side of the screen.

d. Temp/Salinity

1) Hereyou can evaluate the ADCP thermistor which controls temperature, salinity, and
speed of sound data.

a) Fluctuations in the time series data gnmdicate (1) the ADCP was not allowed to
fully equilibrate to the water temperature prior to measurement, or (2) actual
temperature variations present in the channel.

2) Check the Average Temperature vs. the User Temperature (entered at the start of the
ADCP measurement)

3) The temperature source can be changed from internal (ADCP) to User for one or all
transects by clicking on the Temperature Source value in the Speed of Sound Settings
table.

a) Note this will change speed of sound and discharge values.
e. BT fiters

1) If GPS data was used as the reference navigation this button never needs to be
evaluated. Reference the GPS Filters button instead.

2) Here you can evaluate time series velocity data, velocity errors, and how the data can be
adjusted using differentlfier and interpolation settings.

3) Consult with Science if you feel that BT Filters require adjustment.
f.  GPS Filters

1) If Bottom Track was used as the reference navigation this button never needs to be
evaluated. Reference the BT Filters instead.

2) Here you an evaluate time series velocity data, velocity errors, and how the data can be
adjusted using different filter and interpolation settings.

3) The ATig Plot to Google Earth plots the transects for the discharge measurement to the
Google Earth App. This lnainly work if the Google Earth App is installed on the
computer that QRev is running on.

4) Consult with Science if you feel that GPS Filters require adjustment.

g. Selected Reference
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1) The Selected Reference button will be grayed out and this window will@etcbessible
if there is no GPS data in the file loaded to QRev.

2) The summary table provides details on the navigation data available, and describes
changes in calculated discharge based on filter changes in QRev.

3) The Reference Used panel displays the giatibn reference currently being used for the
transect selected in the summary table.

4) The boat speedtime series shows the boat speed for each of the navigation reference
data types in the same graph per transect.

5) The ship track time series shows the sk for each of the navigation reference data
types in the same graph per transect.

6) Inthe Selected Reference panel, the reference navigation data type used for computing
discharge can be changed. Refer back to the summary table to see how a chaote aff
the calculated discharge.

7) The Composite Tracks feature can automatically substitute one of the other valid
navigation references for the selected navigation reference, if the selected navigation
reference is invalid.

a) Composite tracks default to off.
h. Depth Filters/Draft
1) Here datdrom each beantan be reviewed and the combined cressctional value.

2) QRev defaults to using inverse depth weighting to compute the mean depth when the 4
slant beams are used.

3) The filter type can be changedto eliminate erroneous spikes. Note thishaitige the
discharge value.

i.  WT Filters
1) Hereraw and processed water track data can be reviewed and adjusted.

2) Note that the error and vertical velocity filters do not always perform well on data from
ADCPs with auto adaptive modes (the RiverPro beiegsoich model) due to the
change in error velocity distribution for the different modes.

a) If this button is yellow or red try turning error and vertical velocity filters off. Note
the change in total discharge.

j.  Extrapolation

1) Default edge extrapolation sehgs are determined automatically from algorithms
created for the Extrap program.
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2) The data panel displays average normalized depths for segments of the channel, with
each segment equating to 5 percent of the total discharge.

3) The Profile Panel is the prary panel in this window.

a)

b)

d)

k. Edges

Gray Dots represent raw data, normalized discharge or velocity (depending on
which is selected) in each depth cell for all transects selected in the Fit panel.

Green circles represent the top cell for each ensemble, the cel &t ¢ | G S NI &
surface.

The Red/Black Squares are median points for the raw data in each segment. They
are color coded:

(1) Red: contains less values in the segment than the threshold requires, and is not
used in the computation of extrapolation.

(2) BlackMedian values of the composite of all the transects in the measurements.

The horizontal Red/Black lines (Whiskers) on either side of each median value
extend to the 25th and 75th percentile of all the data in that segment (i.e. 50% of
the raw data will fdlinside the whiskers).

The center line, going through the median squares is the extrapolation line, which is
also color coded:

(1) Magenta: transects collected while crossing the channel from left bank to right
bank (facing upstream).

(2) Blue: transects colleetd while crossing the channel from right bank to left bank
(facing upstream).

(3) Black: is a composite of all the transects.

The fit panel allows a separate fit edge for each transect.

W[ SFr@S acAilée¢ asSah G2 a! dzi2Yl GAOéended® NJ RSF I
default setting).

2/ KFy3aS acAate G2 dalyddtée (G2 OKIy3aS (KS
Bottom of the graph to different fit optiong Power, Constant, or-Boint (Top)
or Power or NeSlip (Bottom).

(@) Set the Exponent value incrementally for Power ordlip extrapolabns.
The graph will update as the exponent is changed.

(3) Note that discharge values will change as extrapolation fits are adjusted.
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1) This window displays the edge settings for computing the left and right edge discharges

2)

and displays graphs for alation.

The Edges button will be yellow if any of the extrapolated edge discharge contributes
>5% of the total measured discharge for the transect.

a) Uncertainty in the total estimated discharge increases with increased contribution
of edge discharge tthe total estimate.

by / KSO1 GKS a[ STl 5AailFyO0S o6Y0¢ yR awA3IKi

right edge distances were entered correctly.

(1) These values are directly correlated to the percentage of total discharge
contributed by the edges.

2 ToSRAG 'y SR3IS RAalGlyOS OtA0] 2y GKS
edit. The new value can be applied to a singular transect or all transects inthe

measurement.

c) If edge distances are correct but edge discharge remains >5% of the totalineela
discharge, not much else can be done during gwstessing other than re

measuring additional transects during which you begin and end the measurement

closer to the edge of water.

7. Save the file and exit-Rev.
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SOP G PostField Sampling Task¥/adable Streansitesusing the ADCP Method

Once field verification of the measurement file is complebe, trimaran float with ADCP and GPS
antenna and all components of the Temporary High Line Assemblyshaéaned followig standard
operating procedures for cleaning field equipment used in aquatic systems. Batteries&iD @ and
GPS antennahall be charged or replacedaseded.

G.1 Document Incomplete Sampling Within a Site

Discharge sampling is scheduled to occuhatprescribed sampling location according to the frequency

and timing described iSection4. Ideally, sampling will occur at this samplingation for the lifetime of

0KS hoadSNDI i2NE 602NBE aArAdSao 2N 0KS Rdtlanti A2y 27F
sites). However, sampling may be shifted from one location to another when sampling is compromised.

In general, a samplingdation is compromised when sampling becomes so limited that data quality is
significantly reduced.

There are two main pathways by which sampling can be compromised. First, sampling locations can
become inappropriately suited to answer meaningful biolayguestions; e.g., stream morphology

changes in such a way that discharge measurement quality is reduced. Second, sampling locations may
be located in areas that are logistically impossible to sample on a schedule that that is biologically
meaningful.

For the wadable stream discharge sampling program, a given discharge transect must be sampled during
100% of the bouts expected for the siseeAppendix Hor the number of expected boutand site

specific sampling documentatipover a oneyear period. Transects that cannot be sampled on this
schedule should be considered compromised.

If sampling at a given transect is not possible during a givahdadrouble ticket should be submitted by
Field Science staff.

To document a missed discharge bout:

1. Create anincident with the following naming convention to document the missed sampling:
Wi h{ {FYLAY3I cCofw@2YiLK $ dBSE &HIEH ONALIIA2Y 6Q

a. Example¥! h{ { I YLX Ay 3 ¢Coyldndt¥dcksSdis&argeloation due to
Ff22RAY3Q

Staff scientists review incident tickets periodically to determine whether a sampling location is
compromised.
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SOPH DataEntry and VerificationWadable Stream Sitesdihg the ADCP Method

Raw ADCP discharge measurementfiles (i.e. files that have been evaluated in WinRiverRlearou®
not postprocessed by Science) are stored on an online file storage page aRokposssed by Science.
Complete the following stepto upload discharge measurement files.

1. Inthe office (or location with internet connection), store the measurement file on the eloud
based Box.com folder.

a. Navigate to the main Box.com folder where raw ADCP files are stored.
1) ab9hb ! 5/t 5 ANBOKS yNIEtES NafpShdss czm/folder/4808498258p
2) awl g5+ Gl ¢

b. Navigate tothe applicable Domain folder for raw files.
1) 9EY a52YlFAyynoywl gpCAt Saé
c. Navigate tothe appropriate site folder.
1) Exa C[ b ¢ ¢
d. Navigate tothe appropriate calendar year.
e. Create a new folder that is unique to your discharge measurement.
1) / tA01 GKS abSég¢ RNBLIR2gy |yR aStSOG acz2t RS
2) Ensure that the folder name is in a standardized format.
a) 9EY a{L¢9y,, . ,6 aa55¢ O6C[b¢yHAnmMynomTO

f. Move all of the measurement files into this folder.

1) This includes .MMT, .PDOfiles, and _GPS.TXT file (StreamPr@waiyjhing that was
saved on the laptop/USB.

2) If any other relevant materials correspond to the discharge measurement (i.e. pictures,
screen shots, etc.) create a stddder here where they can be stored.

3) In addition to .PDO and _GPS.TXT files (of which there will be many depending on the
number of transects measured), include only one (1) .MMT file (from WinRiver Il) and
one (1) .XMLIg& in the sukfolder.

g. Once the all data is available on the Box folder, Science will assume it is ready for post
processing.
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APPENDIX B DISCHARGEEASUREMENPRI RIVER SITESINGTHEREMOTE CONTROLLED BOAT
METHOD

The following sections provides instructionlbow to complete discharge surveys at NEON river sites
using acoustic Doppler current profiler (ADCP) instrumentation deployed with a remoted controlled
boat.

B.1 Introduction

An acoustic Doppler current profiler (ADCP) uses sound to measure water veloeitidoathe Doppler
OFFSOUGZT F LINAYOALIEt 2F LKeaAOada RAAO2OSNBR o6& / KNI
the change in frequency of a source to the relative velocities between the source and the observer. An

ADCP applies the Dopplermiple by reflecting an acoustic signal off small particles of sediment and

other material (scatterers) that are present in wat&€he velocity measured by the Doppler principle is

parallel to the direction of the transducer emitting the signal and rengitine backscattered acoustic

energy.

NEON utilizes ADCPs to measure discharge at NEON aquatic sites that contain wadable stream and
rivers. NEON stream discharge measurement collection at river sites can be facilitated using two unique
deployment method: (1) mounting a RiverPro ADCP (TRDI) to a remote controlled boaB@sR Gy

HR Wallingford) or (2) mounting a RiverPro ADCP (TRDI) off the side of a piloted boat. In both instances
the boats are driven back and forth across the channel a number obtimité the base the base of the

ADCP beneath the water surface. The ADCP contains four beams pointed at 20 degrees from the vertical
that can continuously measure water depth, water velocity, and instrument speed. Discharge and
velocity calculations perfoned by ADCPs during streamflow measurements aredeelimented in the
literature (Mueller et al., 2013; TRDI, 2015) but the basic premise is as follows (Den Herder, 2018):

1 The ADCP instrument transmits short pulses of sound at fixed frequencies int@tbe w

1 The transmitted sound bounces off scattered material suspended in the water (sediment,
microscopic organisms, etc.). The returned signals from these scatterers are shifted in
frequency.

1 The returned signals from each beam are used to createvdter currents in east, North, and
Vertical velocity vectors.

1 Returned signals are continuously processed into separate depth cells (or bins) to provide a
profile of the water column

1 Binned velocity and depth are integrated to calculate bin dischargehnrie then summed to
calculate total discharge

1 Multiple discharge transect measurements are completed and mean discharge across transect
measurements is calculated and reported as total discharge.

The ADCP measures the relative motion of the water toMDE P by correcting the measured water
velocity with the measured velocity of the vessel used to deploy the instrument (boat, trimaran float,
etc.). The velocity of the vessel can be calculated in two ways: externally via a global positioning system
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into depth cells (or bins) and reports a velocity for each depth cell.
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The ADCP software integrates total bin velocity over the bin depth to obtain whatige. The resulting
subsection discharges are then summed over the width of the esexdion to obtain total measured
discharge for each transect. Certain areas within the channel &®eson profile cannot be measured

by the ADCP (at the water sucadue to draft and flow disturbance around the instrument, near the
channel bed due to sidibe interference, and near each bank due to shallow depths). These areas
must be estimated by the ADCP software. Discharge inthe unmeasured upper and lowearspoftihe
crosssection are typically estimated using a esigth powercurve estimation scheme while discharge
in the unmeasured portions of the crosgction near the bank edges are estimated using a ratio
interpolation method (Simpson, 2001). Totaleam discharge is the sum of the total channel discharge
(the sum of all discharge bin values calculated during the discharge measurement transect), the near
shore discharge measurement on the left side of the channel and thesteae discharge estimatao

the right side of the channel. The total discharge associated with the measurement is the mean
discharge of all transects conducted during the sampling bout. On average it expected to take an
experienced field crew 360 minutes to complete a stream disarge measurement from start to finish.
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SOP I Preparing for Sampling: River Sites Using the Remote Controlled Boat Method

The RiverPro ADCP (Teledyff@jure36) and AREBoat(Figure37) remote controlled boat ar¢he
preferred meanso measuedisctarge at NEON river siteddemisphere V102 antenna units provide GPS
heading and positioning data during each ADCP measurefftanetesoftware packages are required for
all ADCP discharge surveys MliZRiver Il softwaréTeledyne), a discharge data apation for data
collection and posprocessing, and ()Re(USGS OSW), a Matlab program for advanced post
processing of WinRiver [l measurement filaed (3)ParaniWinan executable that sets up and
configureshe Parani Bluetooth dongldf an ARE@oat deployment is not available, the Piloted Boat
method Appendix § can be used as an alternative means to capture ADCP data.

Figure36. RiverPriADCP. Left: base of the ADCP showing the five beam lenses; Right: top of the ADCP with
indicator lights and power cord.
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Figure37. The AR®Boat ighe preferred deployment method to measure discharge at NEON river sites.

1.1 Preparing for Data Capture

Prior to leaving the office ensure that the following criteria are (eetch point explained in detail
belowy)

All necessary equipment is gathered and prepaikab(e13).
Attach the RiverPro ADCP to the ARGt ADCP Adapter
Setup and test Betooth communications.

Setup and test GPS communications

If the site has an approved staglescharge rating curve, the current ratiaquation is available
for measurement comparison/validation.

= =4 —a -4 A

1.2 Attaching the ADCP to the AREbat ADCP Adapter

The AR@oat ADCP adapter powers the RiverPro ADCP and holds it in place within the ADCP
compartment of the boatKigure38). Prior to deploying thARCGBoat into the water, always leave the
protective cover on the base of the ADCP so that the beam leRgps€36) do not get scratched.
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Connect a fully charged 12V battery to the internal compartment of the ADCP adapter. The

ADCP must be powered in order to communicate and collect measuntsme

a. Toaccess theinside of the ADCP adapter the GPS mount plate must first be removed by
disconnecting the four nuts on the base.

b. The ADCP adapter can be then be removed by loosening the four plastic screws at each of
the corners.

Attach one end ofhe long set screws into the top of the ADCP.

Attach the other end of the long set screws to circular base plate of the ADCP adapter using the
wingnuts.

Connect the ADCP cable coming out of the ADCP adapter to the ADCP. Lubricate the connection
with dielectric grease prior to connecting the cables.

CtALI GKS I RIFILIGSNI agA0G0K (G2 Gt26SNIhbéd ¢KS NBI
One of the three LED lights on the ADCP will turn green when the instrument is powered.
A red lighton the ADCinhdicates a system error. Contact Science if this light turns on.

Attach the circular base plate of the ADCP adapter to the hull of theBda€using the small
set screws.

Figure38. The AR@oat setup with the RiverPro ADCP adapter. A: connect the long set screws to the top of the
ADCP; Bonnect afully charged 12V battery inside the ADCP adapter; C: connect the long set screws to the
circular base plate of the adapter with théngnuts, connect the ADCP cable coming out of the adapterto the
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tX FYR FfALI GKS I (RDCPJgkt dhbuld bergieénk D: the RivetP ALK RAaRBOYRE

ADCP adapter fully integrated; E: setthe ADCP adapter with the ADCP into the ADCP compartment eBtlae ARC

and connect the circular base of the adapter to the boat using small set stetshown: GPS mounting plate on

top of the ADCP adapter.

1.3

Attaching the GP8ntennato the ARGBoatADCP Adapter

A GPS mount plate is installed above the &A@t ADCP adaptér hold the Hemisphere V102 GBS
that GPS daté availableduringriver discharge measurements ok mc ¢ ! f £ Sy ts NEYy OK A A
install the GPS antenna onto the GPS moiiite GPS antenna mumlocated drectly abovethe ADCP
adapter andalignedwith ADCP Beam Bifjure39).

To install the Hemisphere V102 GPS antenna onto the GPS mount:

1.
2.

Connect the ADCP Adapter to the ABR@atwith the ADCP installd®ectionl.2).
Disconnect the GPS cable at the bpok of the GPSntenna.

a. Loosen thecableconnector by twistingt clockwise.

b. Gently pull the cable so thittis released from the antenna.

Place the GPS antenna on top of the GPS mount, lining up the female threads in the antenna

and the male threads on the mount.

Gently turn the GPS antenna clockwise until it is fully seated on the GPS mount.
Adjust the ®S antenna so that the froof the antenna isligned with ADCP Beana8d the
space between the two small holes in the batkhe antennas directly over the center of the

ADCP adaptdFigure40).
a. ¢KS GFNRyGé¢ 2F GKS Dt{ FyidSyyl

i. Itmay be helpful to place a marker on top of the GPS antenna to ensure the

front is alwaydacing the corret direction.

Ad AYRAOIGS

b. The areato be centered over the ADCP is indicatdatidogpace between two small

screws in the back of the unit.
hyOS GKS Dt{ A& LINRPLISNIe& 2NASYGSR:

dza S |

screws located on each side oktblack base on the bottom of the GPS antenna.
a. These screws set the GPS antenna in place so that it cannot move on the mount.

Connecthe GPS cable into the bapért of the GPS antenna.

a. Make sure to line up the cable with the port properly. A smatthan the top of the
cable indicates theorrect orientationthe cable should be placed into the port so this

notch is on the top)
b. Once lined up gently push the cable into the port.

c. Tightenthe cable connect sothat itis securely connected to the GEGran
When not in use the GPS antenna should be disconnected from the GPS mount and stored in a

protected location during transportation.
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Threadedholeto ' S E‘_ Aligned with ADCP Beam 3

connect mount

* Centered

‘I directl
| | aveitbes

A

—

e

Figure39. Installing the Hemisphere V102 GPS antenna onto theBeROGP $ount.

157.89 mm (6.21")

N
il SET SCREW

(2.717)
3/8-16 THREAD SIZE
2 PLACES

MOUNTING HOLE M8 46(??;;2;“ a MOUNTING HOLE
THREAD SIZE 4 : 1-14 UNS-2A THREAD SIZE

3175 mm
(1.257)

414,39 mm (16.31")

Figure40. Hemisphere V102 GPS antenna schematics. Top: the back of the unit with cable port show; Middle: the
side of the unit showing one of two set screw locations; Bottom: the base of the unit, the red circleighhef

the unitindicates the location that must be centered over the ADCP, the white arrow to the left of the unit
indicates the direction the unit must face so that it is oriented toward Beam 3 of the ADCP.
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The GPS antennais considered an externadinggi.e. the internal ADCP heading is not being used.
When an External Heading is applied, the Bottom Track reference assumes the External Heading device

is aligned with Beam 3 of the ADCP. Therefore the Bottom Track reference is directly affected by th

relationship between the GPS heading and the ADCP heddirgsPS antenna is not required to face
towards the bow of the boat but it must be aligned with the ADCP Beam 3.

If the GPS antenna is not aligned with the ADCP Beam 3, a heading offset ranttrael to align the
External Heading and Bottom Track Ship Tracks in the WinRsettings Figure41). This can be done
prior to the transect measement in the Field Configuration Settings or following the transect
measurement in the Playback Configuration settings.

To enter an External Heading offset:

1
2
3
4
5
6

[os7aes ren

i

fEeeede

{38t

PFg
fi

Open the Transect node.

. {StS00 attlreol O]
hlLlSy GKS a5{kDt{k9l ¢
.V YRSNIEGKNYGE | SEFRAyIE

] 2YFAIANI GA2YE O

Gl oo
aS00GA2ys SyGSNI I |

Right click on the value to apply to all transects (if required).

Playback the transect to apply the offset.

—_—
« = BdemalHeading

Boat Heading

[E—

The GPS External Heading s aligned
with the Boat Heading but is misaligned
from ADCP Beam 3 heading by 45°,
resulting in a misalignment of GPS and
BT Ship Tracks

.
ADCP Heading
(Beam 3)

24

)

Applying a 45° offset to
the External Heading
aligns GPS and BT Ship

Tracks

Concel
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Boat Heading ‘:>

The GPS External Heading is misaligned
with the Boat Heading and the ADCP

@9‘ Beam 3 heading by -135°, resultingina

misalignment of GPS and BT Ship Tracks

B

1
| G ek T
1

I

Applying a -135° offset to
the External Heading
aligns GPS and BT Ship
Tracks

262
Distancs Esst )

|
i
[ [~

Figure41. Applying External Heading offsets to align GPS and Bottom Track Ship Tracks.

1.4 Establishing Bluetooth Connectiorisr the ADCP and GPS Antenna

The RiverPro ADCP and Hemisphere V102 GPS antenna communicate with WinRiver Il software
(installed on the laptopyvirelessly via a Bluetooth (wireless) connection. One Parani SD1000U Bluetooth
transmitter, or dongle, is required to se®DCP and GPS daltias best practicéo have another one in

the field as a spare. The Parani Bluetooth dongle contains a USBwa@edapter that is plugged into a
laptop COM port. Parani Bluetooth dongles are setup and configured BsiraniWin softwareThis
executable must be downloaded and installed on the laptop usedDCP discharge measurement.

If the same laptop is used for ADCP measurements (this is recommended for ease of communication
setup and software availability) the following setup should only need to occur prior to the initial
measurement. Following thiaitial setup, the ADCP and GPS antenna should automatically connect to
the laptop software via the dongleThese steps should also be used when troubleshooting connection
problems. Setup, testing, and troubleshooting is best done in the office pridefmyment in case an
internet connection is needed. An ADCP discharge measurement cannot be completed if Bluetooth
communications are not configured.

Physically configure thearani dongléFgure4?2):

1. ¢KS t I N yA R2y3tS KFa | aSd 2F F2dz2NJ 5Lt aga
baud rate and data flow control.
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. These DIP switches need to be in the correct physical configuration using a small screwdriver,

pocket knife, pen, or similar tool.

Move the DIP switches to the correct position in order to set the Baud Rate to 115Pb&b
diagram on the left of thelongke shows how the positions of each switch relate to baud rate

configuration.

Set the first and second DIP switches to the right.
Set the third switch to the left (115200 baud rate)

Set the fourth (bottom) switch to the left (HW Flow Control OFF).

Cap USB Interface

(lfactory Reseg Ejuttonj

Pairing Button

Antenna

Pairing

SENA . Reset iy e
2000 [ =] 384K Parani- SD'K)C‘Q'J
wn== Bluetooth U o

Figure42. Top: PararBD1000U USB Bluetooth Adapter with default settings. Bottom: Correct settings for ADCP
and GPS Bluetooth configuration.

Once physically configured, each dongle needs tmibelly setup with theParaniwin software.
Complete the following steps for the ADCP dongle, then repeat for the GPS dongle:
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Ensure that the ADCP and GPS units are powered and fully connected®B @koat ADCP
Adapter.

Plug the Parani dongle into a USB port on the laptop

Use Windows Device Manager to determine the laptop COM (communication) port that the
Parani is assigned to.

a.

d.

Navigate to the Windows Device Manager.

1) {GF NI aSydz B {SINOK a5S@A0S al ylI 3SNE
hLlSy GKS at2Nla 6/ ha 9 [t¢vé y2RSO

Note the COM port numbeahe Farani dongle isissigned to.

1) Unplug and reconnect the Parani dongle to note which COM Port number appears and
re-appears. This is the COM Port the Parani dongle is assigned to.

(1) If using Windows XP and later systems, the driver will likely load autaatigitic
when you plug in the Parani dongle.

(2) If the Paraniis not showing up in the Ports (COM & LPT) node, it may show up in
GKS ahiKSNI5SgA0Sa¢ y2RSO®
(@) Ifthisis the case an update Rarani fimwareis required (under the

picture of the dongle, find the Downloads tab, click on the firmware link,
and click the download button to save the file to a known folder).

(b) Once complete, open Windows Device Manager, right click on the
appropriate COM Potthat the Parani is assigned to and navigate to the
Drivers window.

)/ K22aS a. NPgasS Y& O02YLMziSNI a2Fdél NS
it will respond with a message of success or failure.

(d) If successful, close this window and return to Windows Device Manager.
The Parani should now appear under the COM Ports node.

(e) If unsuccessful contact Science for troubleshooting.
Select the Parani SD100U dongle COM Port and set the baud rate to 115200.
1) wA3IKG Oft AO01] 2y GKS /ha LERNI aaAa3aySR (2
Gt 2NI {SdiAy3aé o
2) Configure Port Settings.
a) Bits per second =115200.
b) Databits =8
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c) Parity = None
d) Stop bits=1
e) Flow control = None
3) Click on the Advance Settings button.

a) Check the COM Port number assigned to the Parani in the top of the Advanced
Settings window.

b) Inthe BM Options section, select the Latency Timer drop down and setto 1msec.
c) Click OK twice to exit Windows Device Manager.
10. Note the LED indicators on the Pardongle.
a. ¢KS daz2RS¢ [95 AYRAOFGSa gKAOK Y2RS GKS t I NI
b. Ensure the Parani dongle is setto MODEL1, the LED will blink green at 1 second intervals.
c. ¢KS a/ 2yySOié¢ [ 95 AYRAOI(GSa ¢ HSADREGRSUMS t I NI
the LED will blink green at 1 second intervals.
11. Open ParaniWin software to configure the Bluetooth connection.

a. The UART Setting window will automatically pop up that displays the communication
settings between the Parani dongle and taetop. Ensure that the configured settings are
set correctly. Notes: these settings must COM Port and physical dongle settings or the
connection will not be possible.

1) Serial port: Select the laptop COM port number the Parani dongle is assignedto (as
shown in Windows Device Manager).

2) Baud rate: 115200

3) Parity: None

4) StopBit: 1

5/ tA01 dhYéd LYAGAIE O2y FTAIdNI GA2y aKz2d#z R

b. { St SO0 GKS 45S0A0S {SGuAy3¢ Gloo

1) {SG ahLISNI A2y az2RS¢ (G2 daz2RSmeéd

2) Check that Device Settings are the same as what was entered in the UART Setting
Window.

3) Underd SOdzNA (& hLIiA2yé OKSO1l UGUKS a! dziKSydaAaOl
| 2RSE€ @

4/ ftA01 a! X e¢ o
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51 G/ 2YLX SGSR /2y FAIdNF GA2yé YSaal3as akzdd R

a) If the connection was unsuccessful: review physical Parani dongle settings, COM
port settings in Windows Device manager, and settings entered in ParaniwWin and
repeat process.

12.{ St SO0 GKS a4/ 2yySOiGAz2y o2dzive Gl oo

a. /| tAO01 GKS &{ SI NOK¢ aimdewirdegsdetworkdiatiaredvithin tangeJA y 3 |
of the laptop.

b. / K2aS GKS RSAANBR AyadNHzySyd G2 O2yySOod Gz |
1) The ADCPghdzZf R 60S aAKRKE:®a awsS5L w

a) This label may vary.

2)/ tA01 al 2yySOi¢d

c. ! GAYR2g6 gAff LRL dAIFOXGER IYSa@/Aaz2 \SsEM SR adz00S

d. One of the lights on the ADCP will turn blue, indicating that the Bluetooth connection was
successful.

1) If the connection was unsuccessful:

a) Review physical Parani dongle settings, COM port settings in Windows Device
Manager, and all séihgs entered in ParaniWin.

b) Repeat process.
13. Oncethe donglehassuccessfully connected, close the ParaniWin program.
a. Ifthe ParaniWin programis not closed, WinRiver Il will not be able to connect to the

ADCP.

1.5 Testing GPS and ADCP connections in WiaRli

Once the ADCP/GPS dongle connection has been successfully connected via Bluetooth, the connection
must be tested in WinRiver Il in order to ensure that data can be transmitted to the program. This must
be done prior to each discharge survey thatimés ADCP instrumentation and is best completed in the
office in case additional troubleshooting is needed.

1. Ensurethatthe ADCP s fully powered (green light on) and setup for Bluetooth communications
via the Parani dongle (blue light on).

2. OpenWinRiver II.
3. Inthe WinRiver Il main screen, click Configure > Peripherals.

a. Test ADCP communications.
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1) Ensure thatthe ADCP is fully powered (green light should be on) and the Parani dongle

2)

3)
4)
5)
6)

7
8)

is installed in the designated COM Port.

Ly (KS Ga2PNAAMSING A2y S5AFf23¢ gAYR263 dzy RSNJ
Ot A0l 2y awSIR {SNRAIFIf wltg !'5/t 54l ¢

52d20fS OftAO0] 2y dat2NIY !5/t {SNRFf t 2NJI¢E
Check that COM settings are correct and press OK.

2 A0K at2NIOY !'5/t {SNRAIf &® NO2ZNIB& Aot dizl (KAy3 KX yA
A dialogue box will open and you should see some informatiomkstgéaming

regarding Teledyne Rivero firmware. This indicates that the ADCP is recognized by the
WinRiver |l progranHgure43).

a) If nothing appears than WinRiver Il is not recognizing the ADCP.

b) Ensure that ParaniWiis closed. If open, close this program and repeat the
Peripheral test.

c) If ParaniWin is closed and the Bluetooth connection was successful inthat program,
OKSOl /ha aStaGdAay3a Ay at2NIY !5/t {SNRAIC

d) If nothing appear the test window, @irther ADCP testing can be completed in the
Configuration Dialogue tab of the Measurement Wizard window.

/I tA01 a{d2L¥ IyR a/t2aSé¢ G2 OSlIasS GdSadiy3

Once all configuration and testing is compléihe ADCP Adapter battery should be

switched off.

a) Note: because GP&ata is wired throughhe RiverPro ADCP cables the GPS Port
cannot be tested in th&VinRiver |Peripheral environment. In most cases ADCP
data recognition in the Test Port Dialog indesthat GPS data is properly
configured Confirmation of GPS data availability is covered in future steps.
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Figure43. RiverPro ADCP Test Port Dialog indicating that ADCP data is streaming from the ADCP to the laptop.

1.6 Navigateto the Discharge Transect

If a discharge transect, or cressction, has already been established, the bounds should be
permanently marked using stakes or plot markers (one on each side of the stream). Navigate to this
location and proceed t&ectionl.7.

If a discharge transect has not been established at the site proceed with the following steps:

1. Determine an appropriate location to establish a discharge transect.

a. Atriver sites, he transect location must be locateddnstraight reacimrelativelyclose
proximity of the staff gauge and pressure transducer. Consult with Science if the pressure
transducer location is unknown or has not yet been established.

b. Anideal discharge tresect will:

1)

2)

3)

4)
5)

Be located in a reasonably straight channel with velocity lines that are more or less
parallel to each other.

Contain velocities that are, for the most part, > 0.15 m/s, and depths that are, for the
most part, > 0.15m.

Contain a stable streamlbddree of obstructions that would create eddies, slack water,
and turbulence.

Contain measurement sections that are roughly parabolic, trapezoidal, or rectangular.

Contain a stable downstream control feature.
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c. Take a picture of the transect location thatdieneets this criteria as well as the

downstream control feature and send to Science for consultation.

Assess the Discharge Transect

Prior to collecting the discharge measurement identify any instrumentation or environmental issues that
would negatively déct data qualityDocument any temporary hydrologic conditions in {#©S) Field
Metadata and Gauge Height [PROD] app in Fulctuoonditions are unfavorable to discharge
measurement collection, submit a trouble ticket and consult with Science.

Unfavorable conditions include, but are not limited to:

1.

The staff gauge is either not present or has been displaced in some way.

a.

A discharge measurement should not be collected if a staff gauge is not present at the site
or the gauge has been displacedaimy way.

Submit a trouble ticket to Science that includes photos of the gauge.

If the staff gauge is topped during high flows and a discharge measurement can be safely
collected, attempt to mark or in some way reference the elevation of the edge t#rwa

(only do soif this can be accomplished in a safe manner). A future survey of this location
(relative to the staff gauge) can provide an estimate of gauge height during the
measurement.

Note that if a discharge survey is associated with a reaerafompling event, discharge
should still be measured regardless of staff gauge presence.

A pressure transducer is either not present or has been displaced in some way.

a.

A discharge measurement may be collected in the event that the pressure transducer is
missing or has been displaced. However the absence of this instrument prevents continuous
discharge from being estimated.

Submit a trouble ticket to Science immediately if the pressure transducer is missing or has
become displaced.

Streamflow is ex@eding the banks causing unsafe conditions on the floodplain.

a.

Refer to NEON Operations Field Safety and Security Plan (AD[02]) for detalils.

There is an insufficient amount of water in the channel to conduct velocity measurements.

a.

SeeSectiond.2.1.

Referto NEON Operations Field Safatyd Security Plan (AD[02]) and NEON Operations Field
Safety and Security Plan (AD[02] for further details.
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SOPJ Field Sampling: River Sites Using the Remote Controlled Boat Method

J.1 Start a New Measurementin WinRiver Il

Once the discharge crosection has been established or assessed, configure theBsaCollowing
steps detailed irSectiond.2andl.3. A new measurement file can now be created in WinRiver Il using
the following steps:

Set the laptop system time zone to UTC (Coordinated Universal Time).
Stat the WinRiver Il program.
In the WinRiver Il main screen, click Configure > Units > All S| to set units to metric.

In the WinRiver || main screen, click File > New Measurement to run the Measurement Wizard.

o w0 PE

Fill in all information in the Site Informat tab:
a. {GFGA2Y blFYSY C2dzNJ RAIAG aadsS O2RS 2F 6KSNB
b. Station Number: Leave blank.
c. Measurement Number: The sequential discharge measurement number for the site
d. ' 3SyO0eyY ab9hbé¢od
e. District: Leave blank.
f.  HydrologidUnit: Leave blank.
g. Field Party: Initials of all crew involved in measurement.
1) Separate initials with a comma delimiter (i.e. NH, LFS).

h. Processed By: Initials of technician operating the WinRiver |l software and evaluating data
collection.

i. DeploymentTyBY aw/ . 2F3G¢®
j.  Boat/Motor: Leave blank.

k. Meas. Location: If measured at the regular discharge égio§sO G A 2y Sy G SNJ a5{/ mé
measured at a different crossection within the site denote that with a different code here
(,ed5{/ P! { ¢ -aettioniskuSstre@rd theiregular location).

1) Make sure to alsoinclude notes in the main remarks section that describe alternative
transect locations (be sure to include an estimate of how many meters away the
measurement was conatted from the regular location).

a) To add a note to the main Remarks section of the measurement file;cight Site
Information on the Measurement Control window.

b) Enter notes into Remarks section.
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. Grid Reference: Leave blank.

6. { St SO0 ( RNMIwIAGRANYET (L yoTd

a. Inside Gage Height: Enter the water level measurement on inside of staff gauge.
b. hdziaARS DIF3S | SAIKAGY {FYS @lItdzS +a ahdziaiR$
c. Rating Discharge: Enter the predicted discharge given gauge height from rating curve, if

available.
d. Index Velocity: Leave blank.
e. Rated Area: Leave blank.
f. Rating Number: Leave blank.

g. Water Temp: Enter the water temperature (°C) measured using a thermometer submerged
in the stream for at least 5 minutes.

1) The measured water temperature should be within 2jdees of the ADCP temperature
measurement.

a) To check the temperature being measured by the ADCP, open the Test Result
dialogue box under the QAQC > ADCP node. The measured temperature will be
displayed along with other sensor data.

b) You can alsoview tempa&ture time series data during or after a transect
measurement by selecting View > Graphs > Time Series > Temperature.

c) The ADCP must be sitting in the water for at least 5 minutes to allow the instrument
to fully equilibrate to the water temperature.

d) Ingeneral ADCP temperature measurements do not drift until there is a major issue.
If this does occur, the AD@Reasured temperature will deviate greatly from the
thermometer measurement. Ifthis is the case make a note in the measurement
note window anccontact Science following the measurement bout.

h. Tail Water Level: Leave blank.
i. Magn Variation Method: Model

j.  Measurement Rating: fill this out at the end of the measurement based on your judgment of
the measurement quality

1) This is a subjective assessmerisdietion is given to the hydrographer who led the
survey. Include any relevant field notes that formulated the basis of this rating in the
remarks section.

k. Control Codes: select any that apply to the measurement.

I.  Wind Speed: Enter the measured wisgeed (kph) using an anemometer.
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1) If wind speed was entered in units other than kph, note the units used in the remarks
section.

m. Wind Direction: Enter the measured wind direction using an anemometer.

1) If the anemometer does not provide a direction measussenter:

a) ! LIAGNBIFYEY AT GKS 6AYR Aa o0f26Ay3 dzLd NI ¢
by a526yaiNBIFYEY AT GKS 6AYyR Aa o0f26Ay3a R24Yy

c) a/ NBAVREY AT (GKS 6AYR A& of26Ay3 | ONRPaa
d 6arAESREY AT (GKS 6AYR A& y20G o0f26Ay3 Ay
n. Edge Method: Enter the method usém determining bank distances (i.e. laser rangefinder,
meter tape, eye estimate, etc.).

7.{8t3800 G(GKS &/ 2yTFAIdNI A2y S5AFE23dS¢ Gl oo
a. ¢KS az2FioFNB Attt AYYSRAFLGSte GNB G2 NBO23yA

1) If the connection is successful, thelbii 2y ySEG (G2 a! 5/t €& GAff

a) This cantake afew minutes.

b) This means that the softwe recognizes the ADCP via tharani Bluetooth dongle.

c) The connection should be successfulif the ADCP Peripheral test was a success.

d LT I ¢gAYyR2¢ LRLA dzZlJ GKFG aleéa ac¢KS !5/t
ADCP was not recognized by the software.
Q) / t A0 clickinp2 ¢SH¢ oAt KlcBrougtkadavdilabe i ¢ I NB

ports).

(2) Ensure that ParaniWin configuration was successful for the dongle and that the
software is closed.

@B LY GKS G{SNAIFt /2YYdzyAOFGA2Yy {SdiGAy3
match what was entered in ParaniWin softwa@dick OK.

@LF KS a¢KS !5/t A& y2i4 NBaLRYyRAy3IXE

G)LY GKS a!5/té¢ RNRLIR2gyZ SyRiveexdpis i KI
4SSt SOGSR Ay G(KS RNRBLIR2gy o2Hedt / f AO]
configuration.

(6) The ADCP must lvecognized by the software for the discharge measurement
to be conducted. If communication problems persist, submit a trouble ticket and
contact Science.

b. Check GPS configuration settings.
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1) Ensure thatthe GPS antenna is attached, powered and properly configbme the
ADCP adapteBfctionl.3).

2) /| KSO1 DhDK$éabEE D
(1) Set the baudate to 19200.
3) Check théExt Heading 0 2 E
(1) Leavel KS a1 R3I hblakk. ®RS3I 8¢ 02 E
(2) An error message will appear.
(3) Click cancel, this error can be ignored.
The Depth Sounder box can be left blank.
Under Offsets:
1) Enter Transducer Depth.

a) Ensure that théboat is steady and stable in the water column prior to taking this
measurement.

b) Measure from the water level to the center of the slant in the transducer faces with
a ruler or metric tape.

c) This is a very important measurement! Repeat it two or thieees to ensure
accuracy.

Enter Magnetic Variation, the angle of declination relative to your location in the world.

1) For greatest accuracy, check tational Geophysical Data Centvebsiteto find the
declination angle based on your latitude and longitude.

2) Some examples:

a) Butler,AL: -Hc HRQ7)2 ¢

b) Newton,GA:-nc pe&hQ9)2 o

c) Arcata, CAbmnc McQ 9 o6bmMndmcO
Enter the Max Water Depth.

1) This is an estimate of the maxim water depth (m) that is expected to be measured
during the discharge measurement.

Enter the Secondary Water Depth

1) This is an estimate of the minimum water depth (m) that is expected to be measured
during the discharge measurement.

Enter the Max Boat &d
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1) This is an estimate of the maximum boat speed (m/s) that is expected during the
discharge measurement.

i. All other values can be left as defaults.
8. { St SOUG GUKS dahdziLdzi CAfSYylFrYS hLIiAz2yaé GFood
a. ! YRSNI 6KS aGwSO2NRAy3I¢ aSOlAzyY
1) Ly GKS & CAft Seyfter hSfoutdiyiSsiddede. 6 2 E
a) 9EIF YLX SY 4a[92Lé¢ o
1) 9yadsNB GKS &!aS tNBFAE Ay CAftSyYylFYSE o02E A&
2) Leave the output directory at the default location \easurements).
g Ly GKS aLyOfdzZRS CAfSYlYS hLliAzyaéd aSOlAzyY
1) ' yOKSO]1l (KS aaSl &8dNBYSyYy(d bdzYoSNE o02E®
2) LedS G ¢ NI yaSO(l bdzyoSNE |G anéo
3) [ S S aDS23INI LIKAO [/ dINNBy (G {dNBSe¢ |yR a{Sl|
h. LY GKS a'!'aS 510Sk¢AYS Ay CAfSylYSE aSOlAzyY
1) { St SO0 -MN-BDAEMMSS). ,
. Ly GKS da! aS 5StAYAUSNIAY CAftSé aSoOilAazyy
1) { St SO0 &a! YRSNEO2NBE¢ ORSTFIl df G0
j- Checkn the Filename Preview section that the above settings are correctly applagparé
44).

k. Note that these settings can only be entered at the start of a New Measurement. Once the
Measurement Wizard is closed, filename settings can only be changed by starting a new
measurement.

9. Open the Command Preview tab.
a. Review all information to ensure that is correct.
b. Ensure that green checks are present for ADCP and GPS communications.
c. Click the Finish button to complete wizard.

10. Review the Summary Page tab to ensure all information waecity entered.

11. Click Finish to exit the Measurement Wizard.

12. Verify that GPS data is being collected.

a. Once powered, allow a few minutes for the GPS to connect to available satellites.
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b. On the WinRiver Il main screddlick Acquire > Stalfinging.

c. Click View > Tabular > GPS to confirm the availability of GP3-igateef3).

1)

2)

3)

4)

5)

External/Integrated (GGA) refers to differential GPS datlected by the external GPS
antenna (i.e. SX Blue Il or Hemisphere V102).

Internal (GGAZ2) refers to the georeferenced GPS data collected by the GPS unit that is
internal to the ADCP.

External GPS data is much more accurate than the internal datdlested in position
(latitude/longitude) digits.

The number of satellites will often be less in the external GPS column due to the higher
quality threshold for picking satellites (i.e. elevation angle) contained in the external
unit.

HDOP is the mesure of possible error due to the geometry of the available satellites,
therefore as this value decreases the quality GPS data increases.

a) Ideally HDOP values should be < 2.

d. Click View > Time Series > Graphs > GPS data to confirm GPS dataFsgueadb].

13. Once GPS data has been verifiedd ADCP pinging by clicking Acquire > Stop Pinging.

Setup Dislog %

[ewi | EAUse Prefx i Fiename

Output Directery.
[c:\Measureme: nis\LEWI Browse

Include Flename Options
[ Measurement Number [ Geographic Curent Survey

Dialog

Ise e in Filename Use Delimiterin Filename
(O Mo Date/Time () No Delimiter
DW”S (O Short (YY-MM-DD) @® Underscore
@ @ Long (YY-MM-DD hhmmss) O Custom E -
Commands Preview

Filename Preview

=
@ C:\Measurements\LEWI\LEWI_000_19-09-18_125811.PD0

41 Back Mext EP X Cancel I

Figure44. Required settings in the WinRMEDutput Filename Options dialogue box within the Measurement

Wizard.
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Figure45. Above: GPS Tabular window that confirms GPS data is available andis being collected; Below: GPS Time

Series window that indicates GPS data is streaming.

J.2 PreMeasurement QAQC: Overview

Operated by Battelle | NEON Doc.:#NEON.DOC.00108| Author. N. Harrison Revision: H
3¢ GPS Tabular 1 - TRDI =R ECH 5
Externaliintegrated (GGA) | Internal (GGA2) |
Latitude 40° 0.997299' N 40° 0.997500' N
Longitude 105° 14.786040' W 105° 14.785400' W
Number Invalid 0 0
Number of Sats 7 13
Sats Changes 0 3
Altitude 1609.2 [m] 1600.1 [m)]
Delta Altitude 5.0 [m] 0.6 [m]
HDOP 1.0 0.8
Delta HDOP 0.0 0.7
Delta Time 1.5 [s] 80.0 [s]
DGPS Status DGPS DGPS
DGPS Corr. Age 4.0 [s] 0.0 [s]
DGPS Stn. ID 0 0
7 GPS Data Time Series 1 - TRDI =N
GPS Data
HDOP ——Nmb of Sats Quality
8. .
: ; ] R
GO ==t et e e e R R S R R R R R R R e SRR, RO S
o ' i h
= : : :
N s R e e B e R R A e S S R O B A R RO B R a5
o ' ' '
T} ) : ;
23 --------------------------------
. | a |
1 48 143 190
Ensemble Number

The following QAQC protocols are critical to quality data collection and must be initiated prior to the
first transect measurement of each ADCP discharge bout.

Set the ADC8&ock

Setup the AR®Boat

Deploy the AR®Boat

Practice operating the ARBoat
Collect a temperature measurement
Execute an ADCP test

= =4 =4 4 -4 -8 -4 -2 -

Configure theeference navigation

Calibrate the internal ADCP compass
Perform a moving bed test and assess moving bed test summary

J.3 PreMeasurement QAQC: Setthe ADCP clock

Prior to the initial transect measurement the ADCP clock must be set to matchthe PC time (UTC).
Failure to properly set the ADCP clock will result in data files with incorrect timestamps.

Pagel34




n e C) n Title: AOS Protocol an@rocedureDSC; Stream Discharge Date: 03/16/2022
-

Operated by Battelle [ NEON Doc.:#NEON.DOC.00108| Author N. Harrison Revision: H

=

1. Set the time zone on the PC to (UTC) Coordinated Universal Figueré46).
a. Rightclick on the date time in the lower right corner of the screen.
b. Selectd ! R2dza i .RIFI 4 SkiGAYSE
c. LY (4KS a¢AYS T 2yS¢é RNRBLR2sY>

Q.
(0p))
~
(V)
O
(kN
Q
o
L34
~~

2. Inthe WinRiver Il main screen, click on Acquire > Set ADCP Clock.
3. Set theADCRIlock to matctihe PC timgUTC)
4 [ tA01 GKS a{S0 /t201¢ odzid2yod
a. b2GSYy 2yteé Of A Qil koysetthd doSkthech{Y$ (i dJdidE@HBe

selected.
Settings — = %
wakome Date & time
l Find a setting ; ‘ *Some of these settings are hidden or managed by your organization.
Time & Language Current date and time

3:24 PM, Friday, September 27, 2019

I Date & time
@ Region
A Llanguage Set time zone automatically
@ off
0 Speech

Set the date and time manually

Change

Synchronize your clock

(UTC-03:00) Salvador

(UTC-02:00) Coordinated Universal Time-02
(UTC-01:00) Azores

(UTC-01:00) Cabo Verde Is.

(UTC) Coordinated Universal Time

(UTC+00:00) Dublin, Edinburgh, Lisbon, London
(UTC+00:00) Monrovia, Reykjavik

(UTC+00:00) Sao Tome

(UTC+01:00) Casablanca

Figure46. Setthe PC used for the discharge measurement to (UTC) Coordinated Universal Time and match the
ADCP clock to thig#ing.

J.4 PreMeasurement QAQC: Setup the AfB0Cat

Follow the steps below to configure components of the AR@t Figured?) prior to additional QAQC
procedures.
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1. Ensurethatthe ADCP adapteris connected to the ADCP and secured within the ADCP

10.
11.
12.

compartment of the boat.
Install the GPS antenna onto the GPS mo&mtc(ionl.3).
Ensure that the detachable bow is connected to main body.

Ensure the bilge plug is in place and tightened. It must form a secure seal with the hull to
prevent the boat from filling with water and capsizing.

Set up the boat powesupply.

a. Unlock and open the battery compartment.

b. Make sure all of the controls switches are in OFF or neutral position.
1) Isolator switchis in OFF position.
2) Radio controller power switch is in the OFF position.
3) Both control sticks are centered in theuteal position.

4 alb Ay LR6SNI agAidOK 2y ( KBdatbolR Ge@rihé froft Nandiek S
is in the OFF position.

Place two fully charged batteries in the battery compartment and connect them to the internal
wiring connections within the compament.

Turn on the isolator switch.

a. The power LED will light up orange if power is connected.

Close the battery compartment and secure the latches, checking the watertight seal is in place.

Water in this compartment will cause damage to the equipment

Turn on the main power switch.

2L

a. ¢KS Wt NRLA [ADBSQ [ 95 ¢BbdtispoviedaN@®N aNdSHe Brops afeR A O (i A

capable of movement.
b. Use caution around the propellers and rudders when this switchis set to ON.
Ensure that the remote contrddattery is fully charged.
If the remote is not fully charged, insert fresh batteries prior to the discharge measurement.

Center both sticks on the radio controller again to put the &A@t in neutral, so that the boat
can be moved safely.
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Detachable bow

Main power switch

Battery compartment

ADCP compartment

Control switches

Rear hatch

If found please phone 0800

Propeller Propeller

Bilge pump

Figure47. Above: Top of the ARBbat (not pictured: ADCP Adapter with GPS mount); Below: Stern of the ARC
Boat

J.5 PreMeasurement QAQC: Deploy the AlOat
1. Ensure that the ADCP and the Hemisphere GPS units are securely connebedREboat.

2. Remove the protective cover on the base of the ADCP.
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3. Before placing the boat in the water, test that the propellers and rudders are functioning
correctly with the radio controller.

4. Using the handles on the side of the boat, gently placettbat into the water. This is best done
with two people on solid footing.

5. Allow the ADCP transducers to be submerged in the water for at least 5 minutes prior to
discharge measurements in order to sufficiently equilibrate to the water temperature. Eadur
do sowill impact measurement accuracy.

J.6 PreMeasurement QAQC: Practice Operating the ABRgat

Itis critical to become familiar with the ARBDat controller and comfortable with instrument operation
before continuing on with additional preieasuremat QA procedures and prior to measurement
collection.

ARCBoat Operation

Consider the river conditions that are currently present. AR@ts are designed to work in streamflow
conditions from low flows to floods (surface water velocities of up to 5 nSajface velocities outside

of this range will cause the boat batteries to drain quickly and make controlling the boat very difficult. If
velocities are such that the boat cannot be operated in a safe and efficient manner, do not proceed with
the measurenent and contact Science.

Practice using the remote control to drive and turn the boat. The remote control must always remain
strapped around the neck of the operator to prevent it from falling into the water.

If the batteries are too low or the signagtween the radio controller and the AREDbat is lost, the

motor in the AR oat will shut down stopping the rudders and propellfise AR@oat is deliberately
programmed to shut down in these situations for safety reasons. It will drift with the cuarethhave

to be recovered. It is best practice to have a recovery plan in mind and an idea of where the boat could
end up prior to deployment.

If surface water velocity is sufficient, operate the AR@t so that the bow is pointed upstreaand into

the welocity pathduring the discharge measuremeligure48). To obtain a sense of the velocity flow
paths try letting the boat drift momentarily in the streamflow, this usually allows the gauge which way
the velocity vectors are pointed within the disarge crossection. Crabbing across the chaniseiot

always postble during periods of low flow, in these situations it is allowable to have the bow of the boat
pointed more towards the opposite shorérigure49).

The AR@oat rudders require motion in order to control the direction of the boat. In cases where the
boat is not in motion, the throttle will need to be activated to change the boaadion using the

rudders. Standing slightly downstream of the AR@at allows for easier orientation of how movements
with the remote control relate to the ARBoat. If operating the remote control from a piloted boat, it is
very important to remain faenough downstream so that the piloted boat motors and hull do not create
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velocity disturbances within the measurement transect. Operation of the remote controller will vary

based on where the boat is in the channel and the desired path of the hadtd9).

Ensure that all boat and remote contttahtteries are fully charged prior to the measurement and that

spares are on hand if needed. Charged batteries are critical for maintaining control of the boat during

operation. As remote control and AHBDat batteries become low (the radio has a voltaggidator, low
batteries in the boat can be observed by sluggish or lagging response to operation) operational

performance will decrease. At a certain point, low voltage in either the remote or the boat batteries will

resultin the total loss of control ahe boat.

Figure48. When surface water velocity is sufficient operate the AR&t in such a way that the bow is pointed
into the velocity vectors and the boat is crabbed across the channel.

Faster water

Slower watg

\/

L

Figure49. lllustration on different ways to control the ABGat in a variety of streamflow levels.
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Table9. AR@Boat controller tips during a variety of operation settings.

Operation Controller Tips

Place theARCGBoat in neutral (A) | Center the joy sticks on the radio controller.

Use low throttle and move the left joy stick gently forward.
Pulling away from shore (A) | Move the rudder in the intended direction using the right joy
stick.

Lower the throttle and reduce the direction of the rudder. This
allows the boat to remain steady.

Operating in slowvater (D)

Increase the throttle to counter the increase in velocity and
Operating in fast water (B/C) | move the rudder further in the desired direction untile boat
responds.

Move the rudder strongly in the current direction and use ver
low throttle to make the stern come steadily towards the bank
Gently use the rudder and throttle controls at the same time.
Making a smooth turn The AR@oat was designed to be capable of spinning on its d
axis.

Set the throttle to a constant pace. This minimizes battery
consumption and overall wear on the boat.

Approaching a bank (E)

Maintaining a steady pace

J.7 PreMeasurement QAQC: Collect a TemperatiMeasurement

1. Place the thermometer into the water to begin collecting a temperature measurement.

2.9y iSN)GKAE Dl tdzS Ayili2 GKS aShkadNBYSyid 2A01TFNR v
J.8 PreMeasurement QAQC: Execute an ADCP Test
This test verifies that thADCP is functioning properly and communicating with WinRiver Il software.

1. Inthe WinRiver Il main screen, click on Acquire > Execute ADCP Test.

a. Note thatthe ADCP must be installed in the mount and submerged idlawimg water to
obtain the best test results.

2. A series of six tests will be initiated that evaluate ROM, RAM, Communications, RTC, Compass,
and Temperature performance. Check thdttabkts pass on the left pane of the dialog window.

3. After the tests have been run, sensor data will begin to be sampled and displayed in a loop.

4 [ £t A01 GKS a{éG2L) t/wvné YR a{d2L) t/ nné¢ odzit2ya
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PreMeasurementQAQC: Calibrate the Internal ADCP Compass

A calibrated compass is essential for conducting Moving Bed Tests and for using GPS data as the
navigation reference. This is a two person task, one person turns the boat slowly in the water while
another person ronitors the data and communicates the test results.

1.

Ensure that the ADCP is secured within the AR@Y in the exact position it will remain
throughout the discharge measurement.

Ensure that the boat is not located near vehicles, steel bridges, or Gihge ferremagnetic
masses.

a. Check for any materials near the boat that could disrupt the compass calibrgttiis
includes tools, tool boxes, cell phones, hot hands, etc.

b. Move these materials away from the ADCP during calibratiortlanedighout the discharge
measurement.

In the WinRiver Il main screen, click on Acquire > Execute Compass Calibration.
Select Use Pitch/Roll?

a. /| tAO1l ab2¢é AF GUKS !5/t gAfft y2i
test requireswo rotations, one for calibration and one for verification.
b. / fAO1 &, Saé¢ AF GKS !5/t gAft 0SS adzowaSOoOd G2
test requires up to eight rotations, four for calibration and four for verificatibypically, no
pitch and roll calibration is required.

adzoe2S0i

(@)
w

Click the Start Calibration button and wait a moment until the compass is initialized by the
software.

Begin toslowly and smoothlyotate the AR@oat by hand in either direction.

a. Do not cause sudden accelemais or decelerations.

Rotate the boat until all of the red bars in the dialogue window have been replaced by a dark
green color(Figures0).

a. The greaer the bars, the better the data.
b. If abar is not dark green, rotate the boat more slowly and more smoothly.

c. Correctany noflark green bars when they occur by rotating the boat backR@Ountil that
bar is once again highlighted. Then, when it beesrdark green, proceed as before.

d. Clear and constant communication between the staff member moving the boat and the staff
member evaluating the test results on the laptop is critical during this period.

Once calibration rotations are complete, clicK @nd continue with the verification rotation.

a. If Pitch/Roll is selected there will be more initial rotations.
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9. Once the verification rotation is complete a calibration error will be calculated and presented.
a. Ensure that the calibration error is less than 2°.
b. Aim for atotal error of < 1°.

c. If calibration error is < 2°, the compass calibrationis complete and the window can be
closed (< 1° is preferregitry to obtain this).

d LT Ol f A6 NI (dandtyaccEphtheRdiibakscalibrationc <

e. Repeat calibration procedures.
1) Look around for magnetic materials that may be affecting the compass.

2) Move these materials away from the ADCP or move the ADCP away from them, if
possible.

f. If, after three attempts, @alibration error of < 2° cannot be achieved, reference the
troubleshooting steps below.

1) If, following troubleshooting, a compass calibration of < 2° cannot be achieved, accept
the lowest calibration error possible and proceed.

2) Document this occurreras a note in the Remarks Section, it will be a very important
component in evaluation the measurement during ppstcessing.

10. Once complete, check that the correct Magnetic Variation Correction value was entered by the
software during the measurementinard setup$ectionJ.l).
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Compass Calibration Dialog

El

epdaoad,

OF Qresn, notabe more = ks

240

a |
Shart Cabbirskion
|I'4:-:I:l:l":-'|.".-l’¢ut| | == |

restruchons: rotate around unkl 21 Fed bars have been

The gresnsr the bear the betber the dsts, [F vour bars sre
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{1 hice Pbch: [

) Yes i [
HEADTG
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Figure50. ADCP Compass Calibration dialog box. The entirety of the horizontal banporedgitiating the test.
Rotate the boat slowly and steadily so that bar is colored dark green throughout.

Troubleshooting Compass Calibration Issues

|l

There may be too much magnetic interference in the area you are attempting to calibrate the

compass.

0 Ensure that no magnetic materials are near the ADCP.

o Try moving the boat to a different area of the stream and repeating the calibration.
It may be that material on the streambed (rebar, trash) is affecting the calibration.

(0]

Computational errors may ear during calibration. If you receive an error message indicating

that a computational error occurred, repeat the calibration and be sure to rotate the ARGP
and smooth
o0 Ensure that all points in the calibration display are of good quality (dagnyre
0 Rotating the AR®oat by hand in the water or removing the ADCP and rotating it on a Lazy

Susan are two ways to reduce compass error.

Communication errors may occur during calibration when using a slow communication Baud

rate.

o LT &2dz NBG2AAS i OAQGIABINSRiA2y RIEGEXE YSaal3as
communications are set to the 115200 Baud rate.

o LT 82dz NBOSAQOS I dGocn RSAINBSaé¢ O2YLI aa& SNNEN

failed and needs to be performed again.

Disable GPS output €nabled).
o This is the least preferred option and should be attempted if all large errors are encountered

after all other solutions have been attempted.
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0 Un<check the Ext. GPS box in the Measurement Window Configuration Dialog tab.
0 Repeat Compass (laation test.

J.10 PreMeasurement QAQC: Perform a Moving Bed Test

Moving Bed Tests (MBT) are used to determine if the bed of the dischargesaaiien is in motion. An
un-accounted for moving bed can lead td8% bias in discharge measurements performét the
RiverPro ADCP.

MBTsamnust be performed prior to each ADCP discharge bMinRiver 1l software analyzes the data
collected during the MBT to assess the moving bed characteristics of the site and to detect common
error conditions, which may invalidie the test. The loop method is presented below as a means to test
whether a moving bed is present. The loop method must be applied properly, or it may produce
incorrect results.

Note that the accuracy of the loop method is not adequate for mean védscieéss than 0.8 ft/second

(0.24 m/s). If mean velocity is below 0.8 ft/s (0.24 m/s), water velocity is low throughout the water
column and the probability that the bed is in motion is decreased. If the bed is in fact in motion at these
velocities (or paicles on the surface of the bed are in transit) it is likely that not accounting for it will
exert only a minimum bias in the overall discharge estimation.

A properly calibrated compass is critical to application of the loop method, the error caused by
improperly or uncalibrated compass can be in either direction, resulting in either more or less moving
bed than actually is present.

To perform a moving bed test:

1. Beginthe MBT from an initial point on the near shore where you will be able to redwith
precision Figure52).

a. Navigate the boat to a starting location near the edge of the water on the near bank.
b. Markthis location using some physical reference for the starting point (anchored float, etc.).

2. Whenrunning the MBT it is optimal for the person using the radio controller to guide the ARC
Boat so that is slightly downstream of the controller.

a. This allows for easier orientation of how the controller movements affect the boat.

b. If operating the remoteantrol from a piloted boat, it is very important to remain far
enough downstream so that the piloted boat motors and hull do not create velocity
disturbances within the measurement transect.

3. Inthe WinRiver Il main screen, click on Acquire > Start Pi(gfmogtcut key: F4).

4. Open the Ship Track graph. This allows for a better view of the boat path as it does not show the
velocity pathgFigure51).
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a. View > Graphs > Ship Tracks > Ship Track

b. The greensquare is where the float is located when the test starts.

5. Onthe Acquire menu, click Select Moving Bed Test.

6. { St SO

G[ 22L) ¢Sadé

FyR Ot AO1

(KS {GF NI odzidzy

7. Once you start the test, imediately begimavigate theéboat across the river to the opposite
bankin a slow and steady manner.

Figure51. The WinRivet Ship Track window observed during a loop moving bedtest. The green box indicates the

a. Maintain a steady speed that, if possible, does not exceed the stream velocity.

b. Note that the green square in the Ship Track graph denotes your sgdagation.

3% Ship Track 1- TRDI

4.

(=] k=]

Distance North [m]
&
S

-45.5)

67.6
600

Ship Track
—Ref: BT) ——{Ref: GGA) 1Ref: VIG)

1 i
-196 209

Distance East [m]

1
613

1017

boat starting position, the line shows the boat path as itis navigating across the channel and turned back around

toward the starting bank, and the red box indicaties boat ending position.

8.

The MBT Test must last a minimum of 180 seconds (3 minutes).

a. This duration encompasses the time spent moving the boat across the channel and back to

the near bank.

b. Itis helpful for a staff member using or nearby the laptogad out the measurement
duration to the other staff member moving the boat so the speed can be adjusted if needed.

When the opposite bank is reached, geritlyn the boataroundd R2 y Qi a G 2L F yR
the exactstarting point where the test wasitiated.

a. This is a critical part of the moving bed test, make sure this is a smooth and slow turn by
gentlyusing the rudders and throttle together.
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Bank

Turn around
but do not stop

I

Start here | Return to starting point

Bank

Figure52. lllustration of the Loop Moving Bed Test procedure.

b. LT &2dz R2y Qi KAQG GKS Cc odzid2y NRIKG G GKS

10. Once the boat returns back to the exact starting point on the near shore where you beganthe
MBT, stop the test immediately (shortcut: F6 or Acquire > Stop Moving Bed Test).

a. Note the green square in the Ship Track Graph indicating wheredaewvas locatel when

the test began and the desquare indicating where theolat was located when the test
ended.

bed is moving.

11. Review the Ship Track windo®iqure53).
a. LT GKS (NI O1 6NBR tAySyv O2yilAya Iy az2L8y Y2

up and the red line is not connected) this may indicdtatthere is a moving bed.

LF GKS GNIY O]l R2Sa y2G O2y il Ay |y a2LISy Y2dzK
each other and the red line is connected), this indicates that a moving bed is likely not

present.

Moving bed conditions willlwayscause the ship track to move upstreayif the ship track
moves downstream the loop test is not valid.

If the boatwas not returned to theexactstarting point it can resultin the end point being
upstream or downstreamfdhe starting point. This results in a potentially false positive for
moving bed conditions (endpoint is upstream of the starting point) or an invalid result
(endpoint is downstream of the starting point).
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Figure53. Left: A moving bedis likely present as indicated by the open loop; Right: a moving bed s not likely
present as indicated by the closed loop.

12. Document all relevant notes that apply to the MBT.

a. Toadda note thatrelatetod LISOAFAO a. ¢ NAIKG Of AGhd 2y G KS
aSt SO0 4! RR b2iS¢o
13. Review the Moving Bed Test Result window to evaluate the results of the RtRIT€54).
a. Inthe Measurement Control window, under QA/QC, click on the Moving Bed Test node and

2Ly (GUKS ¢Sad wSadAZa G AO02y F2NJ 6KS (Sad GKI G
nnneovo

b. The Test Result window provides metrics that describe the MBT. Aotitemn of the
gAYR2g6 NB TS NKY WillindidakeSvhethér botreéktion is recommended.

) LT I O2NNBOlA2Yy Aada NBO2YYSYRSR:Z OKSO1l G4KS
This will apply a correction to the measured discharge to accoutihéomoving bed
velocity.

a) Ifamoving bed is detected (and GPS data is valid), the Navigation Reference must
be changed from Bottom Track to GBg&¢tionJ.11).

(1) On the main WinRiver Il screen select Configure > Reference and change
reference GPS (GGA)

b) If GPS is not available then Bottom Track should be used as the reference navigation
(SectionJ.1)).

(1) Document this in the main measurement file remarks window.

(@) To add a note to the main Remarks section of the measurement file; right
click Site Information on the Measurement Control window.

(b) Enter notes into Remarks section.
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c) Once the correction has been applied and the appropriate reference navigation has
beenset, proceed with the next preneasurement QAQC procedure.

2) If acorrection is not recommended and all other aspects of the MBT are valid then no

correction is needed and Bottom Track can be used as the reference navigation.

a) Proceed with the next preneasurement QAQC procedure.

Resutt:

Test Result

Time:  18/05/02 15:56:47 Copy Close

Moving Bed Test Results Processed on: 05/02/2018
TIype: Loop Test

Filename: H:\NECN\Discharge\River_ Discharge\Post-Processing\Post-Processed Files\2018\DO3\F

Distance Made Good: 0.192 [m] i

Loop Time: 358.400 [s] * Loop time > 180 seconds
Moving Bed Velocity: 0.001 [m/s]

Moving Bed Direction: 144.767 [degrees]

Water Velocity: 0.657 [M/3] uune Water Velocity > 0.24 m/s
Flow Direction: 239.021 [degrees]

Delta Flow Direction: 5.341 [degrees]

Percent Bad BT: 0.000 [percent]

Estimated § Correct.: 0.000 [percent]

Mean Near Bed Velocity: 0.358 [m/s]

NOTE: Moving Bed Vel. (MBV) < Minimum MBV Criteria
No Correction Recommended < Test result: No moving bed

e

Figure54. Moving Bed Loop Test Result window. In this example the required conditions were metin order to
evaluate a moving bed (Loop time, water velocity) and a movinighss not detected (the moving bed velocity <
the moving bed velocity criteria), thus no correction was recommended.

14. If there is confusion whether or not the MBT was completed correctly or questions arise
interpreting the results, consider the followirgpmmon sources of errors associated with the
Loop Method.

a. Water velocity must be > 0.24 m/s in order for a moving bed to be evaluated.

1)
2)

3)
4)

If velocity is below this threshold a loop test cannot be evaluated by WinRiver II.

At low velocities such as thegas likely that a moving bed is not present or is negligible
in terms of affecting measured discharge.

Conducting an additional loop test is not required.

Proceed with the preneasurement QAQC procedures in this instance.
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b. Systematic compass errors.

1) Check the direction of the velocity vectors (blue lines) during the Loop Test in the Stick
Ship Track window. They should be pointed in the same direction during both loop
paths.

2) If vectors are in opposite or in an erratic direction this is a symptopoof compass
calibration.

3) Conducting another compass calibration followed by a second MBT may be helpful.
c. Bottomtracking bias and uncertainty.
1) Check the Velocity Contour Profile associated with the Loop Test.
2) Are there large unmeasured areas along stieeambed?
a) If soa MBT may be difficult to validate.

3) Conducting another MBT along a different transect (upstream or downstream) may be
helpful.

d. Failure to return to the initial starting point.
1) Ensure that the boat was returned to the exact startimgation at the end of the MBT.
2) Make sure that you ended the MBT at the exact time you reached the starting location.

e. Irregular or insufficient sampling of the cross section because of loss of bottom traek, non
uniform boat speed, and loitering at theabks.

15. If any of the above criteria are in doubt:

a. Conduct another Moving Bed Loop Test in a slow, steady manner with a smooth transition
at the opposite bank.

b. It may be helpful to begin the second Loop Test from the opposite bank or from a different
transect location.

1) Be sure not to get too far away from where you will be collecting the discharge
measurement.

16. If, after the second Loop Test the results ard gtitlear, use the GPS as the reference method
(if available).

17. If, after the second Loop Test the results are stillunclear, and GPS is not available, conduct a
Stationary Moving Bed Test.

a. Stationary Moving Bed Tests canonly be used to determine iétiseat moving bed, not
correct for one, therefore only use this if problems occur during the Loop Test and GPS data
is not available.
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b. To conduct a Stationary Moving Bed Test:
1) Move theboatto the thalweg, or deepest section of the stream.
2) Inthe WinRivell main screen, click on Acquire > Start Pinging (F4).
3) On the Acquire menu, click Select Moving Bed Test.
4) {StSOG a{dFIdA2yFNE ¢Sad¢ IyR Ot A0l GKS {dl
5) Hold the ADCP in that location for at least for 300 seconds (5 minutes).
6) Stop the test (Bortcut: F6 or Acquire > Stop Moving Bed Test).
7) Add any pertinent notes to the Stationary Moving Bed Test.

a) wWAIK(G OfAO] 2y (KS (B¥R YBRSOGA ®S@RADEE G
b) Documentthat a moving bed was detected using a Stationary irei$te main
measurement file remarks window.

(1) To add a note to the main Remarks section of the measurement file;clipht
Site Information on the Measurement Control window.

(2) Enter notes into Remarks section.
c) Proceed with the next preneasurement QAQC predure.

8) If amoving bed is not detected proceed with the next-preasurement QAQC
procedure.

J.11 PreMeasurement QAQC: Configure the Reference Navigation

The reference navigation determines how the direction or bearing (heading) afish@iment is
measured. The following references are available during an ADCP discharge measurement:

1 Bottom Track

o ADCP BottorTrack velocity (standard configuration).

o This igprimary choicdor the reference navigation if a moving bed was not detected.

0 The ability of the ADCP to Bottom Track can become comigedduring periods of high
turbidity and suspended sediment concentratiq@®SC)An overload of scaterrersare
produced in theseanditions which prevent the ADCP beams from reaching the bottom and
measuring velocity throughout the channel profile. If turbidity is high and the ADCP is having
difficultly bottom tracking (this is evidenced by a large bands of missing ensembles in the
velocity contour profile and warnings in the Measurement Control Window), consider using
GPS as the reference navigation.

1 GPS(GGA)

o Differential GPS position from NMEA GGA string (WinRiver |1 will differentiate position to

calculate velocity).
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o Ifamovimg bed is detected and/or during periods of high turbidity and suspended sediment
concentration, this is therimary choicdor GPS reference as GGA data contains more
information than VTG.

0 GGA messages can be affected by multipath errors caused by laggedir structures
nearby the measurement site.

1 GPS(VTG)

o0 GPS velocity from NMEA 0183 VTG string.

o Ifamoving bed is detected, and/or during periods of high turbidity and suspended sediment
concentration, this is theecondary choicéor GPS reference a6 data serves as a backup
for GGA.

o0 VTG messages are not affected by multipath errors but VTG GPS data is oftentimes less
accurate than GGA, particularly when moving at lower speeds.

If a moving bed was not detected during preeasurement QAQC procedwréSectionJ.1Qand
turbidity/SSC levels are loit,is always preferred to use Bottom Track as the reference navigation. This
allows for the boat meement and water movement to both be referenced to the instrumeNbte that
GPS data should still be configured and collected even if itis not used as the reference navigation.

If a moving bed was detecteohd/or turbidity/SSC levels are high enoughatdversely affect bottom
tracking,GPS reference is preferred. GPS data can also be used as a good quality indicator of the Bottom

Track data as well.
To change the reference navigation:

1. Inthe WinRiver Il main screen, click on Configure > Reference.
a. Ifamoving beds notpresent Sy ddzaNE GKF G . 2002Y ¢N»X Ol1¢ Aa

b. When bottom trackis used as the velocity reference, the speed of the ADCP over ground is
subtracted from the measured relative velocity to give true Earth referenced watecity.

c. If, following a moving bed test, a moving hsdgreseniand GPS can be utilized, choose GPS
(GGA) as the reference navigation.

d. If GPS does not have enough satellites to acquire a strong signal, Bottom Track should be
used as the reference naation.

1) The number of available GPS satellites is shown by selecting View > Tabular > GPS
(Figure4b).

2) The absolute minimum number of satellites needed to provide a position is 3.

3) Position will not be as accurate until at least 4 satellites are available due to timing
limitations of GPS eeivers.

4) The greater the number of satellites, the greater the position accuracy, 7+ is preferred.
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e. GPS latency canbe detected using the Ship Track windows (View > Graphs > Ship Tracks)
(Figure5b).

1) Compare the red lines (Bottom Track) vs the blue and greenlines (GPS).
2) Separation between GPS and Bottom Track may denote:
a) GPS latency.
b) Thatan offset is required to the External Hewap
(1) SeeSectionl.3for details on applying External Heading offsets.

== Ship Track 1 - TRDI
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i ol
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@
i
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-2142 -125.8 -375 509 1383
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Figure55. Above: Ship Track graphstealuate Bottom Track vs GPS data. Above: Trackand GPS data are in good
agreement, indicating proper compass calibration, an accurate Magnetic Variation value, and low GPS latency;
Below: Bottom Track and GPS data are in poor agreement, indicating popass calibration, an inaccurate
Magnetic Variation value, and/or high GPS latency.

J.12 Conduct Discharge Measurements with the ADCP and-BB&t
WinRiver |l softwarealculates discharge using reahe velocity measurements acquired during
transects acrosthe stream. Perform the following steps in order to successfully collect acuiglity
stream discharge measurement using the remote controlled boat method at river sites. Each stepis
presented in greater detail throughout this section.

1. Start ADCP pinggj.

2. Establishtransect start and end points.

Pagel52



n e c) n Title: AOS Protocol an@rocedureDSC; Stream Discharge Date: 03/16/2022
-

Operated by Battelle [ NEON Doc.:#NEON.DOC.00108| Author N. Harrison Revision: H

|

Enter staff gauge height prior to each transect measurement.
Measure discharge across the channel (minimum 4 transects).
Evaluate whether additional transects are required.

Save transect locations (optional).

o g &~ o

Start ADCP Pinging

Setting the ADCP to start pinging enables ADCP and GPS data collection. In general, after you have
started the ADCP pinging, there is no reason to stop pinging until you are finished the entire discharge
survey and ready to remove the 8P from the water. An exception would be if you were operating

with batteries of limited capacity, under that circumstance stopping ADCP pinging will conserve power.

1. Ensure that théARCGBoatis in the water and the ADCP and GPS antenna are powered on.
2. Press F4 to start the ADCP pinging (or Acquire > Start Pinging).

3. Inafew seconds, ensembles will begin to be generated and changing values will appear within
several of the WinRiver |l datamndows.

a. Anensemble is the data output generated by multiple ADCP pings that are averaged
together. Ensembles are tracked in numerical order, timestamp, and position.

b. If the ADCP is positioned in sufficient depth, velocity profiles will become available.
c. Note that WinRiver Il will not display meaningful data unlessAneBoatis in the water.

4. If enabled, GPS positions will be displayed at the bottom of the Composite Tabular display
window and valid GGA positions are being received from the GR&hsyExternal Heading data
will be displayed if that functionality is enabled.

5. The ADCP can continue pinging when it is not in the water.

2. Establish Transect Start and End Points

The locations at each side of the channel where the discharge measurengnsiaand ends must be
established before recording discharge transect data. Because stream depths eventually become too
shallow for valid data collection as the ADCP approaches a bank, it is necessary to estimate discharge in
the nearshore unmeasured zoseusing the WinRiver Il andRgv software. To ensure the accuracy of
nearshore discharge estimates, the distances from the edge of water to the starting and stopping

points of each transect must be measured using a distameasurement device (such asaser or

optical rangefinder), tagline, or some other accurate measurement device.

Placing anchored marker buoys at the start and end points of transects is advantageous for keeping
consistent edges and ensuring that the same cigsation profile is meased during each transect. If
placing marker buoys in the channel is not possible try to remember these locations using some physical
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reference. Ifit is not possible to reach the opposite side of the river to measure the edge distance, the
da5raill yIORSaD2#R6¢ Ol fdzSa RAaALX @SR 2y (GKS NARIK{G a
be used to calculate the edge distance from transect end point to the edge of water on the opposite

bank Be careful not to accidently beach the ARfat by getting too ckee to the opposite bank.

Other notes on transect start and end points:

l

l

Measurement uncertainty increases as the distance increases between the start and end points
and the edges of water due to less measurements and more interpolation.

Try to ensuréhat the velocity profile at the start and end locations are representative of the
velocity profiles leading up to the bank in order to limit interpolation bias.

In channels that contain vertical walls at the edges, start and end points for transecis bk

no closer to the wall than the depth of water at the wall to prevent acoustic interference from

the main beam or side lobes impinging on the wall.

o For example, if the depth at a vertical wall is 10 feet, transects should start or stop at least
10feet away from the wall.

If the crosssection has been measured previously at the same location, WinRiker ¢ [ 2 O ( A 2 y 2
can be utilized to help determine the start and end points that were previously used and to help
navigate the float across the channel.
0 SeeSection].12Step Gor instructions on loading available locations and how to save new

ones.

To establish transect start and end points:

1.

Navigate the boat just off the edge of water on the near shore and into open water until the
ADCP trarducers are submerged.

b20iS GKS ydzyoSNJ 2F aD22R . Ayaé¢ fAa0GSR Ay GKS

panel of the main WinRiver Il scre&igure56).

a. ¢g2 aD22R . Ayaé 02NJ RSLIIK OStfao | NS NXIjdzi NB
measurement.

Navigate the boaslowlyaway from the bank until the tabular display indicates you ara at
sufficient depth to set the transect start point (>2 Good Bins, closestto 2 is preferred).

If possible, mark this location with a marker buoy or weighted float. Otherwise try to remember
this position by using some physical reference.

Navigate the bat slowlytowards the opposite shore.
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a. Travel smoothly and slowly with the bow of the boat pointed upstream (note this may be
difficult during periods of low flow, se®ectionJ.6for boat operation tips)

6. While moving across the channel observe the Velocity Contour graph to view channel conditions
and ensure that the ADCP is working as expected with the loaded configuration.

a. Observe the Velocitgontour Profile located on the bottom panel of the WinRiver Il main
screenFigure57). This display illustrates water velocity and depth across the channel.

1)

2)

3)

The very top and the very bottom of the channel will always be unmeasured by the
ADCP and discharge in these locagiovill be interpolated. The top unmeasured area is
a function of transducer depth, or how low the ADCP is in the water column.

Vertical white bands within the profile are unmeasured areas that can occur for a
variety of reasons including biota, woody dehmphysical structures, or simply moving
the float too fast or abruptly across the channel.

a) Work to limit the number of white bands in the profile as an increase in
unmeasured area results in an increase in measurement uncertainty.

b) If the unmeasurediea within the crossection is significant a different discharge
transect upstream or downstream may be necessatry.

Note regions where the channel depth changes abruptly.

a) Make a mental note to move more slowly across these regions during data
acquisiton to help bottom tracking maintain a valid lock on the bottom.

As the boatpproaches the opposite shore note the Number of Good Bins in the Composite

Tabular window Figure56) and stop the boat at the opposite edge of water where two good
bins are available.

If possible, mark this location with a marker buoy or weighted float.

Proceed to the next step once transect start and end points are establateach side of the

channel
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# Composite Tabular 1 - TRDI E=2|IcH
Ens. Nmb. m Lost Ens.

239 0
Bad Ens %Bad Bins Delta Time
0 0% 0.64
November 13, 2018 16:10:13.74
Pitch Rall Heading
8.27° 4.84° 159.78°
Temp. Press Sensor
18.19°C NA
Discharge (Ref: BT) Left to Right
[Good Bins 13 ]
TopQ 0.000 [ms)
Measured Q 0.003 [m#s]
Bottom Q 0.001 [ms]
Left @ -0.000 [m?¥s]
Right Q 0.000 [m¥s]
Im*/s]
MBT Corrected Q [m*s]
Navigation (Ref: BT)
Boat Speed 0.020 | [m/s]
Boat Course 21947 1
ater Speed 0.316 [m/s]
Water Dir. 187.60 I
Calc. Depth 2.303 [m]
Length 0.01 [m]
Pistance MG 001 | [m]
Course MG 219.47 r
uration 064 | [s]
GeoRef Latitude 317 10.989400° N
GeoRef Longitude 84° 26.297900° W
Latitude
Longitude

Figure56. Composite Tabular window in WinRillegreen box: number of ensembles (hold until 10 at transect
start/end points); red box: Number of Good Bins (must be >2 to begin transect); purple box: total discharge; blue
boxes: water and boat speed; orange box: distance made good (total transgtit)gorown box: duration (total

0N yaSOG RdzN} GA2Y Ydzad 0S xmyn aSO2yRav®

q
it

| 7 Velocity Contour 1 - TRDI =t

Un-measured .5 i N Un-measured
Un-measured H s s
- areaat : i i area within
Aranatsynace streambed | g o profile
n 22 m 104 £
Ensemble Number

Figure57.Unmeasured areas in the ADCP profile where velocity is extrapolated. Top left: ADCP blanking distance
and cell size distribution (credit: SonJghp right: unmeasured areas of the profile relative to ADCP beams
(credit: SonTek); below: the WinRiver Il velocity contour with unmeasured areas delineated.
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3. Enter Staff Gauge Height Prior to Measuring Discharge at Each Transect

The staff gauge heightust be entered prior to each transect measurement using the FulcrumTdyp.
mean gauge height recorded prior to all transect measuremistse stage valuassociated with the
meandischage measured during all transect measuremestes regarding eulitions observed

during individual transects (high/low flows, changing gauge heights, wind conditions, the passage of
other vessels during measurement, any noteworthy events, etc.) can be entered in the main Remarks
section of the Measurement Wizard as Mes in the individual transect notes.

Gauge height observation and recording must immediately precede the transect discharge sothe stage
level during the discharge measurement is accurately characterized.

To enter the staff gauge height prior to datansect measurement:

1.
2.
3.

10.
11.
12.
13.

14.

Open the (AOS) Field Metadata and Gauge Height [PROD] app in Fulcrum.
Enter the appropriate information ithe Metadata, Spatial and Temporal Information tables.
In the Stage Height table, enter toerrrent staffgauge heighty G KS aLyAGAL £ {1 3¢
field.

a. Note that this does not necessary have to equal the staff gauge heighttpttioe first

measurement transect.

Under the Stage Heighttablenotead / 2t £ SOG Ay 3 550/at0 Kl 2NH S KgéA GFKA S fyR
asStsSol a, Sa¢o
/ tA01 GKS a!5/t ¢NIyaSaatagpéarsaS aSl adNBYSydae
Click the red plus (+) button at the top rigtitthe windowto create a record.
Enter the time the staff gauge is meaed in the Staff Gauge Height Reading Time field.

a. This must be done immediately preceding the discharge measurement.
Enter the Staff Gauge Asset Tag.

a. This is located on the top of the staff gauge you are reading.
Enter the Transect Number.

a. This must correspond to the transect number generated in WinRiver 1.

b. By default, transect numbers begin at 000 and increase to 001, 002, 003, etc.
Enter the Stafauge Height.
Enter the Staff Gauge Height units.
Click the green check button in the top right corner of the window to save the record.
Additional ADCP Transect Stage Measurements can be added by clicking the red plus button at
the top right of the window
ADCP transect stage measurements can be deleted by clicking the black X button to the left of
each record.

a. Records should be deleted if:

i. Errors are presentin any of the fields.
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15.

16.

17.

18.
19.

4.

ii. The measurementtransectis notto be used in the calculation of tisaharge
(the transect will remain unchecked in WinRiver Il dueneasurement error,
the transectwas started by mistake, etc.).
The ADCP Transect Stage Measurements window should repeirthroughout the discharge
surveyso that staff gauge height cdoe measured prior to each transect measurement
The windowcan be closetdy clicking the green check mark at the top right of the windowe
all transect discharge measurements are complete.
Enter Weather Information, Post Fieldwork Observations, agae@l Comments information
to the recordas needed.
Click the green check mark at the top right of the window to save the record.
Fulcrum data will load automatically when the record is samgithedevice receives a wireless
internet signal.

Measure Discharge Across the Channel (Minimum 4 Transects)

Il GONryasSoOie Aa O2yaARSNBR I aAy3atS RAAOKINHS YSt
one side of the channel and ends at the transect start/end point on the opposite side of theathan

Each ADCP discharge survey must contain a reciprocal number of transects (i.e. if a transect is measured
from the near bank to the opposite bank, another transect measurement must be included from the

opposite bank to the near bank). A minimum of fatansects are required for each ADCP discharge

survey but more may be necessary. Each transect must last a minimum of 180 seconds and the total

time for all transects must be >720 seconds.

Complete the following steps to measure discharge during eaafs#ct:

1.
2.

Hold the position of thdoat steady at one of the marked transect start or end points.

Using a stadia rod, meter tape, or laser range finder, determine the distance from the transect

start point to the edge of water. This is referredtole®k S ¢ SR3IS RAa (Gl yOSé @

a. Measure the area from the center of the ADCP to the edge of the water.

b. If using a rangefinder make sure that the laser is not hitting leaves or branches hanging over
the channel. Take a few shots and make sure they are all the same.

c. LT Ad A& y20G LRaaAroftsS (G2 YSI&adNB GKA& RAalGlYyY
wal RS D22R86¢ @l fdzSa RAALI I @SR 2y (GKS NARIKIG a
calculate the edge distance from beginning/end of the transect to the adjaceyd efl

water. Be careful not to accidently beach the AR@at by getting too close to the opposite
bank.

d. If you start from the same location for each transect, this distance does not need to be
measured each time (it is recommended to mark the transeatt point for this reason).

Click Acquire > Start Transect (shortcut: F5) to begin data recording.
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a. Note that the measurement has now been initiated.
4. When prompted, enter the edge distance (measure8tep 3.
5. Define whether you started the measment from the left or right bank.
a. When facing downstream, the left bank is on your left side.
6. Hold the pog&ion of the boatat the transect start point for at least 10 shore ensembles.
a. This is equivalent to about 10 seconds.
b. The number of ensemblesde viewed in the Composite Tabular winddwg(re56).

7. Once 10 ensembles are recorded at the transect start point slowly and steadlityate the
boat toward the opposite bank.

8. Move the mat slowly and steadilyacross the channel.

a. The total duration of each transe@hoving the leat from one side of the channel to the
20KSND Ydzad oS x myn aSoO2yRao®
b. The cumulative time spent measuring each transedirectly correlated to measurement
quality.
1) The slower and steadier the float crosses the channel the higher the data quality.
c. Maintain an average boat speedthat is less than or equal to the water velocity.
1) Water vs. Boat speed can be monitored gsthe Water Speed vs Boat Speed graph.
a) Click View > Graphs > Time Series > Water/Boat Spepa€58).

2) When water velocity is very slow, keeping the boat speed below the water velocity may
not be a possible (or practical) approach. Under these conditions the smoothness of
boat operation becoras critical.

3) Avoid fast and sudden accelerations.
d. Attempt to point the bow of the ARBoat upriver and crab across the channel.

1) If thisis not possible due to low surface water velocities, point the bow of the boat
toward the opposite shore and slowly move towards it.

e. Observe data displayed on other graphs as needed to monitor data quality.
1) Click View > Graphs/Tabular to exglather graphical and tabular interfaces.
a) Graph display settings can be configured by right clicking on the graph and selecting
Gt NELISNIASa¢ o

9. Continue across the channel until you reach the transect end point on the opposite shore.
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10. Ensure that two goodibs are available at this location using the Composite Tabular window
(Figure56).

11. Hold theboat steady at this location and wait until at least 10 shore ensembles have been
collected.

a. This is equivalent to about 10 seconds.
b. The number of ensembles can be viewed in the Composite Tabular wiktiuvg56).
12. Using a stadia rod, meter tape, or laser range finder, determine the distance from the transect
SYR LRAYG G2 GKS SR3IS 2F o6 GSNW® ¢KA& A& NBTFSNI
a. Measure the areardbm the center of the ADCP to the edge of the water.

b. If using a rangefinder make sure that the laser is not hitting leaves or branches hanging over
the channel. Take a few shots and make sure they are all the same.

c. Ifitis not possible to measuretisA a G F yOS SAGK 'y AyadNHzySyids d
wal RS D22R&¢ @I fdzSa RAaLI I @SR 2y GKS NAIKG &
calculate the edge distance from beginning/end of the transect to the adjacent edge of
water.Be careful not to accideltbeach the ARBoat by getting too close to the opposite
bank.

d. If you end from the same location for each transect, this distance does not need to be
measured each time (it is recommended to mark the transect end point for this reason).

13. Click Acquire> Stop Transect (shortcut: F5) to stop data recording.
a. Note that the measurement has now ended.

14. When prompted, enter the edge distance (measure8tep 13.

15. Define whether you ended the measurement at the left or right bank.
a. When facing downstreanthe left bank is on your left side.

16. To add notes that document important information relating to each transect right click on the
transect node in the Measurement Control window (upper left pane in the WinRiver Il main
a0ONBESU0 IyR aStSOG 4! RR b20S¢o
a. Notes that describe individual transect measurements help explain the data that was

collected and are thus extremely beneficial to ppsbcessing/data QAQC. Always provide
clear, descriptive documentation regarding the discharge measurement. Examples of
individual transect notes include:

1) a! o0FNBS 6Syid GKNRIZAK LINA2N) G2k F2tt26Ay3 0
2) ¢ KS GAYR LAOISR dzJ O2yaARSNI 6f& RdNAYy3I (K
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) LG 6+& RAFFAOAA G G2 YFAYGEAYy | o621 G @St20

RAdZNAyY 3 GKS (GNryaSOl YSIFadNBYSyid RdzS G2X¢ o
4) at 22NJ 62GG2Y GNIY O1Ay3akDt{ GNFXO1Ay3a 200daNNEB
RdzS (2Xé¢
5 GwA@PSNI adl3S | LIISIFNBR (2 NARaAaSKTFI ¢ ﬁdmxya
6) a1l A3K aSRAYSyild O2yOSyidNI}idGA2y 4+ a LINBaSyild R
17. The transect measurement is now complete.

18. To view the data you collected during the transect open the node (+) under the Transect name
in the Measurement Control window and douktéck thedisc button.

} | ot - o=
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Figure58. Water Speed vs. Boat Speed graph. Above: Impropertechnique. The boat speed (purple line) is erratic
and higher than the water velocity (red line). Below: Proper technique. Maintain an evesyeed so that the
purple and red lines are more in line and boat speed remains generally lower than water speed.

Collect (At Least) Three Additional Transect Discharge Measurements (Minimum of Four Total)

Repeat the previous steps, navigating the boabas the channel from each transect start and end
point until a total of four transects have been measured (two in each directiddmyinimum of four
transects (each lasting a minimum of 180 seconds) must be collected during each discharge
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measurement, twan each direction. The measured discharge is the average of the discharge collected
during each transect.

Enter the staff gauge height prior to each transect measurement in the Fulcrum app. Record all other
notes in the individual transect notes andidre Remarks window of the Site Wizard (typically notes

that affect all transects can be entered in the Site Wizard notes and notes that affect individual transects
are to be entered in the individual transect notes).

A new data file and Transect nodelviié created in the Measurement Control window each time you

start and stop recording during eachtransect (ex: Transect 0000, Transect 001, Transect 002, Transect
003). Once the fourth transect is complete stop data collection and evaluate whether addlitio

transects are needed.

5. Evaluate Whether Additional Transects Are Required

More than four transects must be measured if:

1. Total duration of all transects does not exceed 720 seconds.

2. The discharge measured during at least one transect is greater thahtsfibaverage discharge
of all transect measured.

3. Anobserved gauge height change is associated with a notable change in discharge for a given
transect.

Evaluate the total duration of all transects:

1. Inthe Measurement Control window (top left panel in the WinRiver Il main screen) ensure that
each transect measurement you wish to evaluate is checked.

a. Uncheck any Transects were measured that contained errors and are not meant to be
included in the eviaation.

b. A minimum of four reciprocal transects (that do not contain errors) must be checked.

2. Inthe WinRiver Il main screen, hitthe F12 button to bring up a summary table that provides
information on each transect measured.

z

3. Scroll overtothefifthtd I &G O2f dzZYy s da5dzNI GA2y € @
4, 9y adNB GKIFI G SFOK GNIXyaSoOl RdNI GA2Yy A& x wmyn
seconds.

5. Ifindividual and total transect duration requirements are met, proceed to the next evaluation
step.

6. If an individuakransectis < 180 seconds or the sum of all transect durations is < 720 seconds,
collect two additional transect measurements (reciprocal pairs of transects must always be
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measured, one that begins from each side of the channel) ayaéuate the summar
window.

Evaluate the discharge of each transect relative to average discharge of all transects:

1. Inthe Measurement Control window (top left panel in the WinRiver Il main screen) ensure that
each transect measurement you wish to evaluate is checked.

a. Undeck any Transects were measured that contained errors and are not meant to be
included in the evaluation.

b. A minimum of four reciprocal transects (that do not contain errors) must be checked.

2. Inthe WinRiver Il main screen, hitthe F12 button to bring ummary table that provides
information on each transect measuréegure 59).

3.b2GS GKS @l tdzS tAaG§SR Ay GKS FATGK O2fdzYyz da¢:
a. This is the total discharge measured during each transect.
4 b23S GKS @FftdzS tAaGSR Ay (GKS a! SN 3S¢ Neg 27
a. This is the average discharge of all transectasueed.
5. b20S G(KS @I tdS tAaiSR Ay (GKS AAEGK O2fdzYys a5
a. This is the percent difference of total discharge measured during each transect relative to
the average discharge across all transects.

6. Ifthe Delta Q value f@ach transecth & X pi2 X RAAOKI NBHS NXBIjdANBYSyY:
discharge transects are necessary.

a. Proceed to the next evaluation step.

7. If the Delta Q value faany individual transeds > 5%:

a. Collecttwo additional transect measurements (one freath side of the channel) and-re
evaluate the summary window (reciprocal pairs of transects must always be measured, one
that begins from each side of the channel).

1) Note that under changing hydrologic conditions (stage is rising or falling) Delta Q
requirements may be difficult to meet.

2) Ifriver stage was fluctuating dramatically throughout the transect measurements,
proceed to the next evaluation step.

3) Astotal measured discharge values decrease during the low flow regime, achieving < 5%
Delta Q valus becomes increasingly difficult.

a) The instrumentation approaches the lower limits of its measurement ability at low
stages and there is an overall increase in uncertainty when measurirtplow
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discharge (environmental factors such as bed and bank ggragert a larger
influence on velocity paths and can adversely affect measurement ability).

b) A high level of precision is required to obtain repeatable discharge values per
transect.

c) As more measurements are collected a given site over time, ScientEield
Science staff can work together to develop applicable Delta Q thresholds based on
stage levels.

b. If Delta Q values still exceed 5% for a given transect collect two additional transect
measurements (reciprocal pairs of transects must always lkesmed, one that begins
from each side of the channel), andegaluate the summary window.

c. If, after collecting a total of 10 transects, Delta Q values still exceed 5% for a given transect,
proceed to the next evaluation step.

1) Submit atrouble ticket t&cience upon return to the office.

d. Keep in mind that the more transects that are measured increases the probability that the
true mean discharge will be measured but it also increases the probability that an outlier
measurement will be collected.

3¢ Discharge Summary - TRDI [r=l-E- =]

Transect Start Bank #Ens. Start Time Total @ Delta Q@ TopQ Meas. Q Bottom Q Left @ Left Dist. Right Q
mis % m¥s méis m¥s méis m més

01000 Right 417 19:27:56 1151.505 192 67.125 957.347 120.280 2978 9.00 3775
01001 Left 487 19:33:48 121.736 0.7 64.965 933.882 114.248 2.344 9.00 6.297
01002 Right 469 19:45:47 1123.982 £0.51 65.115 932.999 116.472 3.878 11.60 5.518
01003 Left 398 19:52:15 121.822 £0.70 65.398 934.828 114.624 2.516 11.60 4.457
Average 442 1129.761 0.00 65.651 939.764 116.406 2.929 10.30 5.012
Std Dev. 42 14.533 129 0.999 11.746 2.760 0.687 1.50 117
Std.J| Avg.| (%) 9.50 1.29 0.00 1.52 1.25 2.37 23.46 14.57 22.29

Figure 59. Discharge summary window in WinRiver Il. The red box highlights Delta Q values. In this example all are
< 5%, an indication that no additional transect measurements are required.

Evaluate changes in transect discharge ie&to changes in gauge height

Gauge height must be observed and recorded in the app prior to each transect measurement in order to
calculate mean stage and assess unsteady flow conditions. Unsteady flow conditions occur during
periods of rising or fallop stage which may occur during or immediately following heavy rain events,
upstream dam or lock flow regulation, tidal effects, downstream backwater effects, or flood waves.
Always document unsteady flow conditions in the main Remarks section and/atividiral transect

notes.

If changes in gauge height are associated with a notable change in discharge for a given transect (i.e. >
~3% of the mean):

1. Attempt to collect a pair of reciprocal transects that correspond with a given gauge height.
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If stage is changing too rapidly and this is not possible, save transect location files (if needed)

and proceed td&GectionJ.13
Submit a trouble ticket to Science upon return to the office.

Create Transect Location Files (Optional)

Location files use GPS data to save the location of transect start and end points so that they can be
utilized during subsequent discharge surveys. This feature cannot be utilized if GPS data was not
integrated into the measurement. Once a transect hasrbe®asured it appears in the WinRiver 11
Measurement Control window, and the location can be saved. Multiple transect locations can be saved
using unigue files names (i.e. if discharge was measured 5 meters upstream during a particular survey).

To creak a Transect Location file:

1.
2.

Complete a discharge measurement at a given transect.

Identify the transect location to be saved in the WinRiver Il Measurement Control window.

a. The discharge measurement associated with the transect must contain GPS data.

Ricked A O1 2y GKS (NIyaSOil y2RS Figiie0a St SOG a5STFAY
The Edit Locations window will appear.

a. Click on the map to zoom.

Enter a Location Name and any relevant notes about the transect.

Click the Save & Close button.

a. , 2dz Ydzad Ot A0l GKS a{l @S g [/ t2aS8¢ odzidz2y (2
b. Selecting Cancel afosing the Edit Locations window will not create the location file.

Click Save on the Save Location screen.

a. The *.dat location file will be saved to the\@leasurement$Locations folder by default,
this location can also be edited.
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Figure60. Defining transect locations in WinRiver 1.

J.13

Evaluating the Discharge Measurement in the Field

Following the completion of the discharge survey, the following data review steps must be completed:

1. Review, finalize, and save data in WirgR I1.
2. Check measured discharge value against the sthgharge rating equation (if available).
3. Review data in @ev.

Data review must be conducted while still on site so that the discharge survey can be repeated if
necessary.

Review, Finalize, and Save Data in WinRiver II:

1. Playback each measured transect and check parameters.

a. Open the node (+) under eachtransect.

b. Rigi Of A0l 2y GKS

C.

appear in all graphs that are currently on display.

WAIKG OtAOl 2V

1)

2)

3)

ttl&ol O

¢ NJ YLANP Q@S ayadzYeoNSINY & S RU & S £ ¢S

] 2y FAIANI GA2Y YR

In the Edge Estimates page on the right, verify thatBegin Transect and End Transect
information was entered correctly.

In the Offsets page check that the ADCP transducer depth was entered correctly (this
depth should not have changed during the discharge survey).

In the Discharge page choose the correett Bank and Right Bank Edge Type.

a) A custom coefficient value can be entered if a given bank does not conform to

triangular or square shape
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b) Consult Science with any questions regarding bank coefficients. These values are
very important in estimatingdge discharge.

4) Once any value has been entered in the Playback Configuration > Properties window,
&82dz Oy NRAIKG OftA0l 2y (G(KS o62E FyR &aStSOi
wish to apply this value to all selected transects.
a) This will aply the setting to all transects in the measurement that are checked.
b) Eachtransect will need to beq@ocessed for this change to be applied.

d. Enter all applicable notes in the general Remarks section and in individual transect notes, as
necessary.

2. Folbwing the WinRiver Il review save the measurement file on the laptop and a USB dongle for
backup.

a. An.MMT file will be created along with .PDO files that are unique to individual transects.
Each of these files must be contained in a folder on the laptoghbacked up onto a USB
dongle.

Check the measured discharge value against the stiigpharge rating equation, if available:

Once a stagelischargerating curve has been developed and validated for a site, a rating equation is
derived that predicts dicharge given stream stage (supplementary information on rating curves is
available iMfAppendix D. Once established, rating equations will be provided to field staff by Science.
Rating equations are commonly expressed as power relationships:

Q=QGe¢h
Where

Q =discharge;

G = the stage, or gauge height;

h " GKS 3IFdAS NBI RAY
GFyR i T NraGAy3a OdNNI

OO
NN
S
e=t-N bj)
- ax
N
Q¢

Pl

~

<z
=L

d
S

Following the discharge measurement:

3. Enterthe stream stage (G) into the rating equation that is associated with the site.

4. Calculae predicted discharge.
5. Evaluate whether the measured discharge is £10% of the discharge predicted by the equation.
a. If the measureddischarge is <x10% than predicted discharge:

1) Another discharge survey is not required.
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b. If the measured discharge is®3% than predicted discharge (and the stream stage did not
change during the site visit):

1) Conduct another discharge survey immediately.

2) If, after a second attempt, the measured discharge remains >+10% the predicted rating
discharge:

a) Check the second disarge measurement file for errors using steps provided in
previous sections.

b) Save both discharge measurements.
c) Submit atrouble ticket to Science.

(1) This may indicate a shift in the rating, which, if validated by additional
measurements, would warrant an increase in the frequency of discharge
measurements at the site.

Review, Finalize, and Save DataiR&Y:

QRev software (USGS) serves a final mea@a\QC ADCP discharge data. The following procedures
must be done in the field prior to leaving the site.

1. Open QRev.
2. Open the .mmt file (the file that was just saved in WinRiver |1}Re@.
a. Inthe main GRev window: Select Data > TRDI > select tm&RWer I .mmt file

b. Note that the location where the .mmt file is stored must also contain all of the .PDO files
that correspond with the measurement.

3. Note the color of the buttons on the left side of the main window. These colors indicate data
quality for specific measurement parameters.

a. Green: Good, no investigation required.

b. Yellow: Problems could be presented and may be able to be corrected, investigation is
required.

c. Red: Problems are present that are negatively affecting measurementidaéstigation is
required.

4, { SEtSO0 (GKS ahLXiAz2yaé odaiti2zy OGKAA odziGz2y @Aff
a 9yadNB GKIFG a!yAradasd FINB asd d2 (Lo
b. Click OK.

5. LYy (GKS YIFIAYy G6AYyR2g3 aStSOG GKS aqaz2@giyda . SR ¢Sz
a. Uncheck anyteststhatarenot%aR Ay GKS a! aSNJ zFf AR¢ O2f dzvy o
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1) b2GS GK Gvdz- tAG&é NI GAYy3IZ | yR
b. LF +tyé (dSada O2yidl Ay daz2@ray3a . SR¢
were valid.
c. Note this will change the measured dischawvalue.
6. Evaluate the remaining buttons if they are not green:
a. ADCP/Site Info
1) Here the Station Name and Number can be editeudt this is not required
b. System Test
1) Provides the results of the ADCP system test.
c. Compass/P/R

iKS GSEG
IJ

1) Provides heading, pitch and roll, and magnetic variation data for each transect.

a) If the pitch and roll time series data are too high and the extended compass

calibration was not performed,-@ev will apply a flag.

2) This button will be yellow if CompassliBeation Error is > 1 degree.

3) Hereyou can change the magnetic variation for some or all transects by clicking on the

Magnetic Variation value within the Heading, Pitch, & Roll table.

4)  2dz Oly @AS¢ GKS /2YLI aa /| forounteri A2y RI G F

Compass Cal/Error on the right side of the screen.

d. Temp/Salinity

1) Hereyou can evaluate the ADCP thermistor which controls temperature, salinity, and

speed of sound data.

a) Fluctuations in the time series data may indicate (1) the ADCP wadawedlto
fully equilibrate to the water temperature prior to measurement, or (2) actual

temperature variations present in the channel.

2) Check the Average Temperature vs. the User Temperature (entered at the start of the

ADCP measurement).

3) The temperature surce can be changed from internal (ADCP) to User for one or all
transects by clicking on the Temperature Source value in the Speed of Sound Settings

table.
a) Note this will change speed of sound and discharge values.

e. BT Filters
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1) If GPS data was used as tieéerence navigation this button never needs to be

2)

3)

evaluated. Reference the GPS Filters button instead.

Here you can evaluate time series velocity data, velocity errors, and how the data can be
adjusted using different filter and interpolation settings.

Consult with Science if you feel that BT Filters require adjustment.

f. GPS Filters

1)

2)

3)

4)

If Bottom Track was used as the reference navigation this button never needs to be
evaluated. Reference the BT Filters instead.

Here you can evaluate time series velgdata, velocity errors, and how the data can be
adjusted using different filter and interpolation settings.

The ATlg Plot to Google Earth plots the transects for the discharge measurement to the
Google Earth App. This will only work if the Google Espthis installed on the
computer that QRev is running on.

Consult with Science if you feel that GPS Filters require adjustment.

g. Selected Reference

1)

2)

3)

4)

5)

6)

7

The Selected Reference button will be grayed out and this window will not be accessible
if there is no GP&ata in the file loaded to QRev.

The summary table provides details on the navigation data available, and describes
changes in calculated discharge based on filter changes in QRev.

The Reference Used panel displays the navigation reference currentty iiséal for the
transect selected in the summary table.

The boat speed time series shows the boat speed for each of the navigation reference
data types in the same graph per transect.

The ship track time series shows the ship track for each of the navigation reference data
types in the same graph per transect.

In the Selected Reference panel, the reference navigation data type used for computing
discharge can be changed. Refer back to the summary table to see how a change affects
the calculated discharge.

The Composite Tracks feature can automatically sulistioe of the other valid
navigation references for the selected navigation reference, if the selected navigation
reference is invalid.

a) Composite tracks default to off.

h. Depth Filters/Draft
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1) Here data from each beaoan be reviewed and the combined cresectional value.

2) QRev defaults to using inverse depth weighting to compute the mean depth when the 4
slant beams are used.

3) The filter type can be changed to eliminate erroneous spikes. Note this will change the
discharge value.

i.  WT Filters
1) Hereraw ad processed water track data can be reviewed and adjusted.

2) Note that the error and vertical velocity filters do not always perform well on data from
ADCPs with auto adaptive modes (the RiverPro being one such model) due to the
change in error velocity digbution for the different modes.

a) If this button is yellow or red try turning error and vertical velocity filters off. Note
the change in total discharge.

j.  Extrapolation

1) Default edge extrapolation settings are determined automatically from algorithms
created for the Extrap program.

2) The data panel displays average normalized depths for segments of the channel, with
each segment equating to 5 percent of the total discharge.

3) The Profile Panel is the primary panel in this window.

a) Gray Dots represent raw datnormalized discharge or velocity (depending on
which is selected) in each depth cell for all transects selected in the Fit panel.

b) DNBSYy OANDtSa NBLINBaSyid GKS G2L) OStf F2NJ
surface.

c) The Red/Black Squares are mediamts for the raw data in each segment. They
are color coded:

(1) Red: contains less values in the segment than the threshold requires, and is not
used in the computation of extrapolation.

(2) Black: Median values of the composite of all the transects in the mreasants.

d) The horizontal Red/Black lines (Whiskers) on either side of each median value
extend to the 25th and 75th percentile of all the data in that segment (i.e. 50% of
the raw data will fall inside the whiskers).

e) The centerline, going through the madi squares is the extrapolation line, which is
also color coded:
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(1) Magenta: transects collected while crossing the channel from left bank to right
bank (facing upstream).

(2) Blue: transects collected while crossing the channel from right bank to left bank
(fachg upstream).
(3) Black: is a composite of all the transects.

f) The fit panel allows a separate fit edge for each transect.

W[ SFr@S aCAilé¢ asSa G2 a! e vsed(recorameddddNJ RS F I
default setting).

2/ KFry3aS acAaitée G2 aalyddté¢ G2 OKIFy3aS GKS
Bottom of the graph to different fit optiong Power, Constant, or-Boint (Top)
or Power or NeSlip (Bottom).

(@) Set the Exponent valuacrementally for Power or N8lip extrapolations.
The graph will update as the exponent is changed.

(3) Note that discharge values will change as extrapolation fits are adjusted.

k. Edges

1) This window displays the edge settings for computing the left aytit 6dge discharges
and displays graphs for evaluation.

2) The Edges button will be yellow if any of the extrapolated edge discharge contributes
>5% of the total measured discharge for the transect.

a) Uncertainty in the total estimated dischargereasesith increaseaontribution
of edge discharge to the total estimate.

by / KSO1 GKS eSS iy B MavihIIyR@S 56 Yo ¢ @I f dzSa G2
right edge distances were entered correctly.
(1) These values are directly correlated to the percentaff@i@l discharge
contributed by the edges.
2¢2 SRAG Fy SR3IS RAadlryOS OftAO0l 2y GKS a
edit. The new value canbe applied to a singular transect or all transects in the
measurement.

c) If edge distances are correctibedge dischargeemains>5% of the total measured
discharge, not much else can be done during gwstessingther than re
measuring additional transects during which you begin and end the measurement
closer to the edge of water.

7. Save the file and exQ-Rev.
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SOP K PostField Sampling Tasks: River Sites using the Remote Controlled Boat Method

Once field verification of the measurement file is complébe, ARGBoat and GPS antenna shall be
cleaned following standard operating procedures for cleaning fieldpegent used in aquatic systems.
Batteries for the ARBoat and ADCP/GPS antenna shall be charged or replaced as needed.

K.1 Document Incomplete Sampling Within a Site

Discharge sampling is scheduled to occur at the prescribed sampling location according to the frequency
and timing described iSectiondandAppendixE.1 Ideally, sampling will occur at this sampling location
0KS hoaSNDI (2omRitheh®RBON a A dSao

T2NJ GKS ftAFSGAYS 27

project @radientsites). However, sampling may be shifted from one location to another when sampling
is compromised. In general, a sampling location is compromised when sampling becomes so limited that
data quality is significantly reduced.

There are two main pathways lhich sampling can be compromised. First, sampling locations can
become inappropriately suited to answer meaningful biological questja@g., stream morphology
changes in such a way that discharge measurement qualigdsaed. Second, sampling ltcas may
be located in areas that are logistically impossible to sample on a schedule that that is biologically

meaningful.

For the river discharge sampling program, a given discharge transect must be sampled during 100% of
the bouts expected for the st(seeAppendix Hor the number of expected boutnd sitespecific
documentatior) over a oneyear period. Transects that cannot be sampled on ttieedule should be
considered compromised.

If sampling at a given transect is not possible during a given bout a trouble ticket should be submitted by
Field Science staff.

To document a missed discharge bout:

1. Create anincident with the followingaming convention to document the missed sampling:

Wi h{k¢h/{

a.

9EI YLX SY W¢h{
Ot 2aSR NRI RQ

{F YL AycBwRZO2 Y LIIABS B SAONA LG A2y 8 Q

{ I Y IgIEoulg mbt akbcg's® @ovdui tS perfnnenths 2

Staff scientists review incident tickets pericalily to determine whether a sampling location is

compromised.
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SOPL DataEntry and Verification: River Sites Using the Remote Controlled Boat Method

Raw ADCP discharge measurementfiles (i.e. files that have been evaluated in WinRiverRlearou®
not postprocessed by Science) are stored on an online file storage page aRokposssed by Science.
Complete the following steps to upload discharge measurement files.

1. Inthe office (or location with internet connection), store the measurement file on tbedel
based Box.com folder.

a. Navigate to the main Box.com folder where raw ADCP files are stored.
1) ab9hb !5/t 5AiaO0OKI NAts:/app.bod caNilte848MB4982580 S 4 ¢
2) awl g5+ Gl ¢

b. Navigate tahe applicable Domain folder for raw files.
1) 9EY a52YlFAyynoywl gpCAt Saé
c. Navigate tothe appropriate site folder.
1) 9EY &4C[b¢é
d. Navigate tothe appropriate calendar year.
e. Create a new folder that is unique to your discharge measurement.
1)/ ftA01 GKS ¢bEgR HNE ISRAs G C2f RSNE @
2) Ensure that the folder name is in a standardized format.
a) 9EY a{L¢9y,, . ,6 aa55¢ O6C[b¢yHAnmMynomTO

f. Move all of the measurement files into this folder.

1) This includes .MMT, .PDOfiles, and _GPS.TXT file (StreamPr@verything that was
saved on the laptop/USB.

2) If any other relevant materials correspond to the discharge measurement (i.e. pictures,
screen shots, etc.) create a stddder here where they can be stored.

3) Inaddition to .PD@nd _GPS.TXiles (of which there will be manglepending on the
number of transects measurgdnclude only one (LMMTfile (from WinRiver Il) and
one (1).XMLfile in the subfolder.

g. Once the all datais available on the Box folder, Science will assume it is repdgtfo
processing.
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APPENDIX C DISCHARGE MEASUREMENTS AT RIVER SITESUSING THE PILOTED BOAT METHOD

The following sections provides instruction on how to complete discharge surveys at NEON river sites
using acoustic Doppler current profiler (ADCP) instrumentatégioyed with a piloted boat.

C.1 Introduction

An acoustic Doppler current profiler (ADCP) uses sound to measure water velocity based on the Doppler
OFFSOGZT | LINAYOALIt 2F LKE2aAO&d RAAO2OSNBR 0& /[ KNA
the change in frequency of a source to the relative velocities between the source and the observer. An

ADCP applies the Doppler principle by reflecting an acoustic signal off small particles of sediment and

other material (scatterers) that are present in veat The velocity measured by the Doppler principle is

parallel to the direction of the transducer emitting the signal and receiving the backscattered acoustic

energy.

NEON utilizes ADCPs to measure discharge at NEON aquatic sites that contain waekainl e sdr

rivers. NEON stream discharge measurement collection at river sites can be facilitated using two unique
deployment methods: (1) mounting a RiverPro ADCP (TRDI) to a remote controlled bo@d@tR¢

HR Wallingford) or (2) mounting a RiverPro ADIGDI) off the side of a piloted boat. In both instances

the boats are driven back and forth across the channel a number of times with the base the base of the
ADCP beneath the water surface. The ADCP contains four beams pointed at 20 degrees froticgie ver
that can continuously measure water depth, water velocity, and instrument speed. Discharge and
velocity calculations performed by ADCPs during streamflow measurements axdoaathented in the
literature (Mueller et al., 2013; TRDI, 2015) but theibgremise is as follows (Den Herder, 2018):

1 The ADCP instrument transmits short pulses of sound at fixed frequencies into the water.

1 The transmitted sound bounces off scattered material suspended in the water (sediment,
microscopic organisms, etc.). Tie¢urned signals from these scatterers are shiftedin
frequency.

1 The returned signals from each beam are used to create the water currents in east, North, and
Vertical velocity vectors.

1 Returned signals are continuously processed into separate depti{@ebss) to provide a
profile of the water column

1 Binned velocity and depth are integrated to calculate bin discharge, which are then summed to
calculate total discharge

1 Multiple discharge transect measurements are completed and mean discharge aenossdt
measurements is calculated and reported as total discharge.

The ADCP measures the relative motion of the water to the ADCP by correcting the measured water
velocity with the measured velocity of the vessel used to deploy the instrument (boat,ramii@at,

etc.). The velocity of the vessel can be calculated in two ways: externally via a global positioning system
unit (GPS), or internally utilizing ADCP bottom tracking technology. The ADCP divides the water column
into depth cells (or bins) and perts a velocity for each depth cell.
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The ADCP software integrates total bin velocity over the bin depth to obtain bin discharge. The resulting
subsection discharges are then summed over the width of the esesdion to obtain total measured
discharge for each transect. Certain areas withexchannel crossection profile cannot be measured

by the ADCP (at the water surface due to draft and flow disturbance around the instrument, near the
channel bed due to sidibe interference, and near each bank due to shallow depths). These areas
mustbe estimated by the ADCP software. Discharge inthe unmeasured upper and lower portions of the
crosssection are typically estimated using a esigth powercurve estimation scheme while discharge

in the unmeasured portions of the crosgction near the bak edges are estimated using a ratio
interpolation method (Simpson, 2001). Total stream discharge is the sum of the total channel discharge
(the sum of all discharge bin values calculated during the discharge measurement transect), the near
shore dischargemeasurement on the left side of the channel and the nehore discharge estimate on

the right side of the channel. The total discharge associated with the measurement is the mean
discharge of all transects conducted during the sampling bout. On averaxgeicted to take an

experienced field crew 360 minutes to complete a stream discharge measurement from start to finish.

Operated by Battelle [ NEON Doc.:#NEON.DOC.00108| Author N. Harrison Revision: H
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SOP M Preparing for Sampling: River Sites Using the Piloted Boat Method

The RiverPrédDCP (Teledyndjigure61) and Kentucky Il mourforiginally developed by the USGS)
(Figure62) areused to measure discharge at NEON river sites from a piloted boat when aB@sRC
deployment is not availabl&wosoftware packages are required for all ADCP discharge swsiegs

this method (1) WinRiver Il software (Teledyne), a discharge data application for data collection and
post-processing, and ()Re(USGS OSW), a Matlab program for advancedpasessig of WinRiver

[l measurement files

Figure61. RiverPraADCP. Left: base of the ADCP showing the five beam lenses; Right: top of the ADCP with
indicator lights and power cord.
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Figure62. TheKentucky Il mount (USGS) is used to deploy the ADCP when measuring discharge at NEi@N river
using the piloted boat method.

M.1 Preparing for Data Capture

Prior to leaving the office ensure that the following criteria are met (each point explained in detail
below):

1 All necessary equipment is gathered and prepareab{el14).

1 Setup and test ADCP serial communications.

1 If the site has an approved staglescharge rating curve, the current rating equation is available
for measurementomparison/validation.

M.2 Setup and Test ADCP Serial Communications

The RiverPro ADCP communicates with WinRiver |l software (installed on the laptpgné cable
that connects theADCP and the laptopAn R£32 9pin male to USB (with FTDI) adapsused to
connect the ADCP serial cable to a USB port in the lapigpre63).
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If the same laptop is used for ADCP measurements (this is recomohérdease of communication
setup and software availability) the following setup should only need to occur prior to the initial
measurement. Following the initiaktup, the ADC&hould automatically connect to tHaptop software
via the serial cableSeup, testing, and troubleshooting is best done in the office prior to deployment in
case an internet connection is needed. An ADCP discharge measurement cannot be compégiat if
communications are not configured.

To date there is not a means to integrate GPS data into discharge measurements collected using the
Piloted Boat method. As this method is meant as a hgcko the Remote Controlled Boat for discharge
measurements at river sites, it is expected it willyobé used sporadicallyf use of this method

becomes more common work can be conducted to incorporate GPS instrumentation.

Figure63. Serial cables that connectthe ADCP to the 12V battery and the laptop PC. Netat¢hRS232 USB
adapter that must be included in the set.

To setup the ADCP serial connection:

1. Remove the black cover plug from the ADCP serial cable and lubricate the end lightly with
silicate lubricant.

2. Connect the ADCP serial cable to the ADCP $thted eledyne logos are matched up.

3. Attachthe R£32 cable to the other end of the ADCP serial cable and connect the USB end of
the R&232 to a laptop port.

4. Use Windows Device Manager to determine the laptop COM (communication) port that the
serial cake is assigned to.

a. Navigate tothe Windows Device Manager.
1) {GF NI aSydz B {SINOK a5S@A0S al ylI 3SNE
b. hLISy GKS Gt 2NIa 6/ ha g9 [t¢0é y2RSO®
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c. Note the COM port number the serial cable assigned to.

1) Unplug and reconnect the serial cable to note which COM Port nemappears and re
appears. This is the COM Port the serial cable is assigned to.

5. Select theRS232COM Port and set the baud rate to 115200.

a. WAIKG Of A0l 2y GKS /ha LRNI |adaAra3adySR (2 GKS
{SGdAay3a¢o

b. Configure Brt Settings.
1) Bits per second =115200.
2) Databits=8
3) Parity = None
4) Stop bits=1
5) Flow control = None

c. Click on the Advance Settings button.

1) Check the COM Port number assigned to the serial cable in the top of the Advanced
Settings window.

2) Inthe BM Optios section, select the Latency Timer drop down and set to 1msec.
3) Click OK twice to exit Windows Device Manager.
6. Connectthe ADCP serial cable terminal ends to a fully charged 12V 7AH battery.

a. The greenlight on the ADCP should turn on to indicate that the instrument is receiving
power.

7. Open WinRiver Il software.
8. Inthe WinRiver Il main screen, click Configure > Peripherals.
a. Test ADCP communications.

1) Ensurethatthe ADCP s fully powered (gright should be on) and the serial cable is
installed in the designated COM Port.

2) LY (GKS at SNALKSNIt / 2yFAIdzNI GA2Y S5AFE23¢ &
Ot A0l 2y GwSIR {SNRARFf wlkg !5/t 50l ¢

3y 52dz2ofS OftAO01 2y aGt2NIY !'5/t {SNRIFf t2NI¢e¢

4) Che& that COM settings are correct and press OK.

5 2A0K Gt 2NIY !'5/t {SNRARFf t2NIé¢ adAirtf KAIKEA
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6) A dialogue box will open and you should see some information begin streaming
regarding Teledyne RiverPro firmwar&islindicates that the ADCP is recognized by the
WinRiver Il progranHgure64).

a) If nothing appears than WinRivHris not recognizing the ADCP.

b) Check that COM settings are correct in both Windows Device Manager and WinRiver
Peripherals setup.

c) If nothing appears in the test window, further ADCP testing can be completed in the
Configuration Dialogue tab of theddsurement Wizard window.

7/ fA01 a{G2LX FyR a/ft2a8¢ G2 OSrasS G4SadAiay3
9. Once all configuration and testing is complete the ADCP should be powered off by disconnecting
the terminals from the 12V battery.

lTlIﬂ

Test Port Dialog X

CBREAK

<LF>

RiverPro<LF>

Teledyne RD Instruments (c) 2017<LF>
All rights reserved .<LF>

Firmware Version: 56.06 <LF>

B8 <LF>

| Flow Dir.

Figure64. RiverPro ADCP Test Port Dialog indicating that ADCP data is streaming from the ADCP to the laptop.

M.3 Navigate to the Discharge Transect

If a discharge transect, or cressction, has already been established, the bounds should be
permanently marked using stakes or plot markers (one on each side af/éhé. Navigate to this
location and proceed t&ectionM.4.

If a discharge transect has not been established at the site proceed with the following steps:

1. Determine an appropriate location to establish a discharge transect.
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a. Atriver sites, the transddocation must be located in a straight reachin relatively close
proximity of the staff gauge and pressure transducer. Consult with Science if the pressure
transducer location is unknown or has not yet been established.

b. Anideal discharge transect will

1) Belocated in areasonably straight channel with velocity lines that are more or less
parallel to each other.

2) Contain velocities that are, for the most part, > 0.15 m/s, and depths that are, for the
most part, > 0.15m.

3) Contain a stable streambed free dbstructions that would create eddies, slack water,
and turbulence.

4) Contain measurement sections that are roughly parabolic, trapezoidal, or rectangular.
5) Contain a stable downstream control feature.
c. Take a picture of the transect location that best medtis triteria as well as the

downstream control feature and send to Science for consultation.

M.4 Assess the Discharge Transect

Prior to collecting the discharge measurement identify any instrumentation or environmental issues that
would negatively affect datquality. Document any temporary hydrologic conditions in (#€©S) Field
Metadata and Gauge Height [PROD] app in FulcHioonditions are unfavorable to discharge
measurement collection, submit a trouble ticket and consult with Science.

Unfavorable coditions include, but are not limited to:

1. The staffgauge is either not present or has been displaced in some way.

a. A discharge measurementust not be collectedf a staff gauge is not present at the site or
the gauge has been displaced in any way.

b. Submita trouble ticket to Science that includes photos of the gauge.

c. Ifthe staff gauge is topped during high flows and a discharge measurement can be safely
collected, attempt to mark or in some way refererthe elevation of the edge of water
(only do soif this can be accomplished in a safe manner). A future survey of this location
(relative to the staff gauge) can provide an estimate of gauge height during the
measurement.

d. Note thatif a discharge surveyassociated with a reaeration sampling event, discharge
should still be measured regardless of staff gauge presence.

2. A pressure transducer is either not present or has been displaced in some way.
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a. A discharge measurememntay be collectedn the eventthat the pressure transducer is
missing or has been displaced. However the absence of this instrument prevents
continuous discharge from being estimated.

b. Submit atrouble ticket to Scienammediately if the pressure transducer is missing or has
become displaced.

3. Streamflow is exceeding the banks causing unsafe conditions on the floodplain.
a. Referto NEON Operations Field Safety and Security Plan (AD[02]) for detalils.

4. There is an ingdficient amount of water in the channel to conduct velocity measurements.
a. SeeSectiond.2.1

5. Referto NEON Operations Field Safety and Seculdy RD[02) and NEON Operations Field
Safety and Security Pla[}[02) for further details.
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SOP N Field Sampling: River Sites Using the Piloted Boat Method

N.1

Assemblehe ADCP Mounto the Piloted Boat and Attach the ADCP

Once the discharge transect has been established or assessed, configure the ADCP mount on the boat
and attach the ADCFhe ADCP mourteploys the ADCd¥er the side of the piloted boat during the
discharge measureent. Prior to deploying thADCPalways leave the protective cover on the base of

the ADCP sothat the beam lensEig(re61) do not get scratched.

To assemble the ADCP moufigure6b):

1.

10.

11.
12.
13.

14.

Ensure that the boatnount base plate is installed at the proper location of the boat where the
ADCP can be securely deployed over the side and interference (proximity of magnetic materials,
hull/motor effect) is minimized.

Install theboat mount coupler into the boat mount base plate.
Insert the shortverticalpipe into theboat mountcoupler.

Assemble the lower square section by attaching sections of pipe to the 90 degree elbows.
Tighten each elbow with an Allen wrench. Place a vertical coupler at each end of the square.

Attach the lower square section to the short pipe in the boat mount base plate by sliding one of
the vertical couplers on the lower square section over the short pigkarboat mount base

plate. Use an Allen wrench to tighten the vertical coupler to secure the lower square section to
the short pipe. One end of the lower square section should now be sitting off the side of the
boat.

Slide the long vertical pipe throughe opposite vertical coupler (the one that is off the side of
the boat) and secure it in place by tightening the vertical coupler with an Allen wrench.

Attach thetether hook to theADCRoupler.

Attach the ADCP coupler (with tether hook) to tiecular ADCP base plate using an adjustable
wrench to tighten the screws, nuts, and washers together.

Attachthe ADCP base plate with ADCP coupler to the base of the ADCP.

Attach the ADCP coupler to the end of the long vertical pipe so that the ABERI®ly
deployed over the side of the boat.

Using a carabiner, attach a rope tether to the tether hook next to the ADCP coupler.
Attach the tether rope to secure location on or inside the boat.

The ADCP depth can be adjusted by adjusting the ADCPcandlenoving the long vertical
pipe up or down.

Remove the protective cover from the ADCP transducer lense and lower the sensor into the
water.

Pagel84



=

n e C) n Title: AOS Protocol an@rocedureDSC; Stream Discharge Date: 03/16/2022
-

Operated by Battelle [ NEON Doc.:#NEON.DOC.00108| Author N. Harrison Revision: H

a. Adjust the depth of the long vertical pipe so that the base of the ADCP is fully submerged.

b. Do not lower theADCP too far into the water column as this increases the unmeasured area
at the top of the profile and creates a drag that negatively impacts velocity measurement.

c. Allow the ADCP transducers to be submerged in the water for at least 5 minutes prior to
discharge measurements in order to sufficiently equilibrate to the water temperature.

1) Failure to do sowill impact measurement accuracy.
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