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WhyiUse GRS

m GPS s the preferred reference for ADCP
measurements where moving bed is detected

m GPS can be used areference when the ADCP
can NOT bottom track

m The additional GPS data can help QA bottom
track even when there is no moving bed.
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VMeyving:=Bedilest StillfIReqguined

o Itis USGS policy to collect a moving bed test for every
measurement

O The need for a correction or using GPS is based on
percent potential error (moving-bed velocity / mean
velocity for the test).

Moving Bed Detection Threshold Minimum Duration
Detection Method

Stationary Moving bed velocity > 1% of 5 minutes (300 s)
(Stable location or mean water velocity
GPS reference)

Stationary Moving bed velocity > 2% of 10 minutes (600 s)
(Manned Boat no mean water velocity

anchor)

Loop Moving bed velocity > .04 ft/s >3 minutes (180 s)

and > 1% of Mean Water

: Velocit
nygroffpedstics Y




m Differential Capable
m Corps or Coast Guard Beacons
# OmniSTAR (Annual cost)
m WAAS (Most common)

m NMEA 0183 Output
m GGA string — at least 5 decimal minute precision
m VTG string — 2 decimal precision for speed

m Output rate of at least 2 Hz is preferred

m Minimal positional filters

m Handheld GPS units do not meet the above
requirements

EP2S Hardware
AN
¥

Hydr QUStits



Common GE2S Hardware

m Trimble Agl32

m Hemisphere A-100 N’

m Hemisphere A-101 | —
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EEAGES Reference

m Provides position but no velocity

m Velocity iIs computed from two consecutive
GGA sentences by computing the distance
travelled and dividing by the time between

m Requires differential correction for
acceptable accuracy

m Can be affect by multipath errors
m Errors tend to be easy to spot

Hydr QUStits



Multi=Rath Errers

Multi-path is a reception of a reflected signal in lieu of a
direct signal. Trees, bridges, steep banks, buildings,
water, and other obstructions can cause the GPS signal

to reflect, resulting in significant position errors.

GGA is more
susceptible to
multipath errors
than VTG
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\/iliG GRS Reference

Provides velocity only

m Based on Doppler-shift from the satellite
signals to the receiver

m Not affected by multipath errors

m Does not require differential correction
m Can be a valid alternative to GGA

m More difficult to detect errors

m Can have issues with boat speeds
less than .8 ft/sec
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SeleclingGRSiUpdateand Baud Rates

Update Rate: At least one GPS position and/or velocity string per
ensemble. This translates to an update rate of at least 2 Hz with a
preferred update rate of 5 or higher. Rates of 10 Hz and higher may
cause problems with some computers and software.

Baud Rate: Must be sufficient to handle the data throughput. This
table provides some reasonable estimates.

GPS Update Baud Rate
Rate

1 Hz 4800 or higher
5 Hz 19.2k or higher
10 hz 38.4 or higher

If update rate is too high for Baud rate, GPS data may be
buffered resulting in GPS data lagging behind ADCP data.

mrofgeis



Example ofi GRS [Lagging Boettom
Trziclk

“-Boat Speed Time Series 1 - TRDI

Boat Speed [ft/s]
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GRS Antenna RPlacement

m Over the ADCP
m Higher than the rest of the deployment
m Clear view of sky

st
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Iypicall GRS Setupinm\WinRiver

Measurement Wizard
Corfiguration Dialog

Peripheral Configuration Dialeg

== Peripherals Close
=-[ Read Serial Raw ADCP Data Devices
BB pot: ADCP Serial Port Corfiguration Select all devices used during data
- Device: ADCP Device Driver Reatime collection.
feefB4 Imstrument: ADCP Instrumert i@ ADCP: [Hin Grande 600 kHz T]

Device Selection M [ ADCP Serial Nimb-

Q Devices OK Check ADCP
=B GPS @ [¥]Ex.GPS

- E[CTIIEYSEE [ Cancel | || Deete |

: Int. GPS | T15200

Sounder

- Heading i@ [ Depth Sounder

i@ [ | Bd. Heading
Serial Communication Settings ‘ u pst Port

Comm. Settings GPS coming in over separate serial port

Cormm. Port

Baudrate | Set the communications for GPA

Satabits m Select Peripherals then Add

m Set Serial port and baud rate

m In Configuration Wizard Check Ext GPS

While collecting AcquireControl should display
GPS status: valid

Will create GPS log files for each transect

Parity

Stopbits




RivenRayiDireciiGRSHConNneECLIoN

Devices ADCP Wizard Configuration
I i : e Water : 16.40
 If GPSis connected | sgeomsiomsn  tetetni 1
. : econdary Dept E d
tO Rlver Ray (y' @ Aocr: [maﬂw v] M. Water Speed [ft/s]: 1.64
ADCP Serial Nmb:
C ab ] e) Max. Boat Speed fit/s]: 164
Check ADCP _
- CheCk Int GPS @ ] Ex. GPS Streambed: Sand
' [¥]Int. GPS [5?500 ,] Bottom Mode: Auto
[ | Select baUd rate i@ DD&pthSul.JnderA Water Mode: Auto
GPS is using g =t e [E
Offsets Dischange
[ | GPS Status |n Transducer Depth ft]; 0.3z Top Method: [F‘nwer v] |
Acq u | reCO N t rOI NO Mag Variation [deq]: 0 Bottom Method: [Pgwa- 'v]
d ata Power Curve Coeff: 0.1667
_ Left Bank Coeff: 0.35
= No GPS log files Right Bank Cosf- 035
m Look for lat/long in B 10
composite tabular




RiVernSurveyerRlbhive

m GPS datais combined on ADCP

m GPS Option must be set correctly
prior to data collection | ceoeos s —
= DIFF no RTK base station | e
s RTK —when using RTK

base station

m If using RTK, place base station In
clear view of sky, then turn on
(5-10 min to acquire)

Hydr QUStits




System Settings —
|| Transducer Depth (ft) 0,00
Screening Distance (ft) 0,00
Salinity (ppt) 0.0
Magnetic Dedination (deqg) 0.0
SonTek Compass Heading Corr 0.0
I GRS Compass Heading Alignment 0.0
PS5 Antenna ¥ Offeet (ft) 0.00
GPS Antenna ¥ Offset (ft) 0.0a
I [ Show XY Orientation ]
|Tra::k Feference Bottom-Track -
Depth Reference ['u'erﬁml Beam - ]
Coordinate System [ENU - ]
SmartPulseHD ™ [Enabled - ]
User Input Sound Speed Correction
I Temperature (degF) [l 59.0
Speed of Sound (ft/s) = 0.00
| ok | | cancel |

mrofgeis

RS LLiverlrackeReterence

Usually leave as bottom track
when collecting data, unless a
moving bed are bad bottom
track are likely for the
measurement

Can be adjusted when
reprocessing

If GPS might be used as
reference watch for compass
calibration issues during data
collection and recalibrate if
found



COMpPOSsIte Iack

GPS Antenna X Offset (ft)

Composite Tracks

Composite Tracks

@' Composite Tracks

Edge Settings

Left Method
Start Edge

= When enabled — will substitute bad reference with
other available reference (VTG for BT, etc)

st
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RS Live — lirack Reference

Tirnz Sarijas

VTG VTG VTG VTG VTG

. A L |

1 - 3MHz BT
2-1MHz BT
1 MHz BT 1 MHz BT 3-GGA
4-VTG
5 - System -1
1 == \Water Profiling Code
0 - InWalid

1 - 3MHz HD
3 MHz BT S
3 - 1MHz HD
o 4-1MHz IC "

Track Raference Code
epol Guiyoig 1BEp

0 10 20 an 40
Track (m}

m View if/when track references are being substituted

m Area for any samples with track reference
“0O-Invalid” for more than 9 samples will not have a
measured discharge

sti
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AllgninglADECR andliGRS

m compass heading used to align GPS boat
speed with ADCP water speeds. Errors in
heading will cause errors in discharge
m Correct magnetic

variation for site True Magnetic

North North

= Relatively free of

magnetic interference ot Vector

= Properly calibrated 0y FTOyn DGPS
compass

Orientation
of Instrument

ADCP Vector

mrofgeis



ATTectingECompassiACCURAGY,

m Structures having local magnetic fields relatively
large compared to Earth’s magnetic field: steel truss
bridges, bridge piers (steel or concrete full of rebar)
— If their orientation changes during transect, the
affect can not be calibrated out

m Rapid/sudden acceleration and/or deceleration

m Ferrous materials and electromagnetic field
Interference near ADCP (ferrous parts on mount,
steel toolbox on boat, etc)




Calibrate thelbepleyment

m Compass calibrations are an attempt to calibrate out
heading errors caused by sources near the ADCP
and the local area

m Minimize deployments exposure to potential
Interference (truck, cell phones, bridge deck, etc)

m Entire deployment should be moved through the
calibration routine when practical

m Do not simply rotate the ADCP




Rig)Grande Compass;calipration

m  Slowly rotate (1 to 2 min) one complete circle (360 degrees) with
minimal pitch and roll

m  An evaluation must always be completed after calibration. Total error
reported should typically be less than 1 degree and always less than
2 degrees

Compass Calibration Dialog ;

Serial Number. @. Remove hard iron error (single cycle) only. ~
265 k. Bemove hard and scft iron errcr (single + doubkle cyele).
c. Caelibration for & single tilt orientation (3ingle + double cycle).

Date / Time: d. Help.

0703408151257 e. Quit.

c
Total Ermmor: | e
Unknown Field Calibration Procedure

Calibration for Constant Tilt Applications {(e.g., Riwvers)

Select one:
&. Start calibration procedure.
b. Zero celibration coefficients (only constant tilt coefs).
c. Display correction coefficients.
d. Instructicns.
e. Quit.

k ______________________________________________________________________________

Evaluate |

EDI Compass Errcr Estimeting Algorithm

Press space bar to start taking data after the instrument is setup.

=

Cloze |




RivenRay,—HoneywelllCompass

m Original RiverRay compass (Honeywell) seems more sensitive
to sources of interference than previous ADCP’s

m No feedback to evaluate the accuracy of the compass
calibration

m TRDI offers an upgrade to compass similar to StreamPro. This
compass is all new RiverRays

m Smoothly complete 2-3 rotations taking 2 to 3 minutes (> 40 —
50 data points on screen)

Senal Hmiber: [Freq(az) a'ii\inn -
P () 08 Enter: 'A' to Accept new X and Y CAL offsets and

b | b it i R zero 7 Cal Offset.
§ ooag DO'JBD UQDDD 00000 GDDDU 300000 ReCC)mmended fOI‘ flat Calibration-
Tn;ur\:e:gwrnngtgntsuuﬂ ""331,,0 o0 sl o't 'P' to Accept new X, Y and Z CAL offsets.
:g:go 32::0 ;g:go ;g::a Use Ol'lly if pitCh and roll wvaried
07071 0.7071 -0.7071 -u‘.'mn during calibration.
»sa1 'R' to Restore previous offsets, X=784, Y=-
Honeywell BMR3I300 Compass Calibraticn & Teat Memn 3 92 , Z:O
Nia0; Caztoearidos 'F' to set Factory default CAL offsets, X=0,
Current Cal Offsets Xw-152, Yu-115, I= [ YZO, Z:0
gl e e g A New X and Y Cal Offsets accepted.
Pater *5' bey to atart calibratios o 'Q" to quit. Clearing Z offset.

f— | Cal complete. Offsets: X=-217, Y=-434, Z=0



StreamProand NEW: RiverRay

Recommend Singlé tilt calibration
- Pitch/Roll No (Simple on PDA)

Using pitch and roll (advanced on
PDA) not practical in field

Place deployment in calm water
or on flat surface so it can be
rotated without any pitch/roll

Slowly rotate the boat 360

There are 12 squares that change
colors as you rotate

The more Green = Good

Go slower if they are yellow or
red

Evaluation immediately after
calibration

mrofgeis

Compass Calibration Dialog E|

eplaced.
he greener the bar the betker the data. IF your bars are

nskruckions: rotate around until all red bars have been
ok green, rokate mare showly,

Heading: | z34e

Ise PikchyRall?

Mo Pitch: | e

Yes Rall: T
HEADING

150° 270° 360°

Skop Calibration ]

Close

Green — Good
Light Green — Acceptable

Yellow — within parameters
(one or two yellow bars for the
entire rotation is OK)

Orange — unacceptable (slower
rotation required)




SonlekiM9O/S5 Compass

m Calibration should be at least 1 minute and
less than 2 minutes In duration

m Try covering all pitch/rolls unit will might see
during measurement. If pitch or roll
encountered during measurement exceeds
those during calibration, large errors may
result —on manned boat, do not pitch/roll
adcp independent of boat

m Watch for issues in measurement data...
Calibration scores NOT always indicative of a
properly calibrated compass!

H = W aa e ,}.
Hydr Wﬁm abity




Compass; Calipration

Compass Calibration

00
250
200
1504

1004 ! ! !
a 20 40 ]

Duration in seconds

Heading [deg)

Heading I 136.7

B4
44
204
Pitch | 13.4 1
=201

-4
0 20 40 B0

Diuration In seconds

Pitch {deg)

a0
[Z[eR
40
20

D_

Rall I 4.7
20

-4
0 20 40 B0
Duration in seconds

Rall {deg)

Failed Calibration. Please Repeat Calibration!

Calibration duration = 64 seconds
M72.00 = Magnetic influence is unacceptable
Q4 = Mon-uniform magnetic field

T v




Viagnetic:Declination/AVanatien

Magnetic Declination Map of North America for the year 2010
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SoeUnces eiMagnRenc Vanation

= Common way to (8 eotig —r=

determine mag var: e _OptionsHelp
s GeoMag (Win)
s WMM software (Win)
m Smart Phone Apps

m Enter latitude and
longitude for the
measurement site and
date (Datum=WGS84)

m The value labeled
declination is what should

|UTM Easting (km|m) UM Morthing (km |m) UTM Zone  Date {(Decmal)

be entered as the mag var T m ae [ e oo 5[ w5 wnw
in the ADCP software B e E B o mmE] wes

Dedination  UTM Grid 99, 24162°W - {1 =
one
5.37 41.47044° N Zoom
vy

-

Web alternative:

http://www.ngdc.noaa.gov/geomaqg-web/?id=declinationFormld#declination

Hygrofgoustics


http://www.ngdc.noaa.gov/geomag-web/?id=declinationFormId
http://www.ngdc.noaa.gov/geomag-web/?id=declinationFormId
http://www.ngdc.noaa.gov/geomag-web/?id=declinationFormId
http://www.ngdc.noaa.gov/geomag-web/?id=declinationFormId
http://www.ngdc.noaa.gov/geomag-web/?id=declinationFormId
http://www.ngdc.noaa.gov/geomag-web/?id=declinationFormId

ErnoernsiinMagnelc \Varnatoen

s When compared to Bottom Track, BT US of GPS
when starting at one bank and DS starting at other

= Directional Bias in Discharge

Start Bank

#Ens.

Start Time

Total Q
ft¥s

Delta Q
%

Left
Right
Left
Right

358
434
247
21

15:06:53
15:11:53
15:17:45
15:21:55

919.035
873.250
934.729
867.108

2.28
-2.81
4.03
-3.50

m Could adjust mag. Var. a couple of degrees for all
transect to minimize bias, do NOT adjust differently
for each transect (Tends to not greatly affect avg Q)

Hydr oustics
. ZUSGS



\WatCh o ComMpass; ISsUes

150

100

S0

k-

m Differences in flow direction in reciprocal
transects / flow direction seems to depend
on orientation of instrument

Left to Right

Right to Left
Transect

Transect

1 Bottam-Track EML

0g-

s

m If found recalibrate compass (especially
when GPS required for reference)

mrofgeis

1 Bottam-Track EML
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ViewingiGRs @uality ndiCators

_ % GPS Tabular1 - TRDI e B3]
GPS ] L atitude 30° 20.722851° N
| Tab u I arlr Dat A satellites g Longitude 94° 4.986109° W

GPS Quality 2 Number Invalid 0
GC-BC 23 MNumber of Sats 6

Sats Changes 0
DET)/DIGPS) 1.006 Altitude 3.6 [ft]
Latitude (deg) 65° 45°30.17" Delta Altitude 0.0 [f]
Longitude (deg) 217 37' 14,52 HDOP 1.4
HDOP 1.00 Delta HDOP 0.0

Delta Time 0.0 [s]

DGPS Status DGPS

m Time Series Plots s g

1.2
0.
;T
I 1.0
0.9
el | | |
] 200 400 B00
Track (ft)
GPS Data
——HDOP
o 1 | g
5
‘I? _________________________________ A e e e e e e e e e m et e e e m e e, ——,——— . ——-—— L e e e e e e e ccmc e e e e e e e e ———————— A e e e e e e e e e m et e e e m e e, ——,——— . ——-——
w 1
a ' : :
D143 - [EnsemhleNumher:?EE,HDGF‘:l.EEI]l'"""'""""r"'"""'""'"""""""""": """"""""" e TITTEE ,‘_{'-fr
I — ¥ ]\ I{: :
1.1 ! II‘II ! 1 r.
758 650 622 hbd 436

Ensemble Mumber



@enRindicators, oGRS @uality,

m Number of Satellites

m At least 4 satellites required ( > 7 satellites
preferred) greater # = more accurate

E 5 GPS Tabular 1 - TROI =5 (ECE <

Satellites 8 Latitude 30° 20.722851" N

GPS Quality 2 Longitude 94" 4.986109' W

GC-BC 3.2 Mumber Invalid 0

D(ET)/D(GP5) 1.003 Mumber of Sats 6

Latitude (deg) 30° 6'37.49" Sats Changes 0

Longitude (deg) -95° 26' 15.59" Altitude 3.6 [ft]

HDOP 120 Delta Altitude 0.0 [ft]

Altitude (ft) 56.43 HDOP 1.4

m Satellite Changes - if the # satellites changes it
may cause a jump in the position ( large # = data
cold be suspect

e

40 30 an 10 0

H \‘QM 5 Track (it}
Hydr ;
\-)qw ZUSGS

Satallits
o
m




@enRindicators, oGRS @uality,

m Altitude (delta altitude)

m Change in altitude should be minimal

(typically < 11.5 ft)
N #* GPS Tabular 1 - TRDI =5 [EoR %

Satellites B Latitude 307 20.722851' N
GPS Quality 2 Longitude 94° 4.986109' W
GC-BC 3.2 Mumber Invalid 0
D(ET)/D(GP5) 1.003 Mumber of Sats 6
Latitude (deq) 30° @' 37.49" Sats Changes ]
Longitude (deg) -95° 26' 15.59" Altitude 36 [ft]
HDOP 1.70 Delta Altitude 0.0 [f]
Altitude (ft) 56.43 HDOF 14

] JTW

il

2568

=

56.6
/
40 an 20 10 0
Track {ft)
H r S



@enRindicators, oGRS @uality,

m HDOP — Horizontal Dilution of Precision

m Measure of possible error (GPS accuracy) due to
the geometry of the satellites visible to the GPS
receiver (lower is better, < 2 preferred)

S 3 GPS Tabular 1 - TROI = =R
Satellites 8 Latitude 30° 20.722851' N
GPS Quality 2 Longitude 94° 4.986109" W
GC-BC 32 Mumber Invalid 0
D(BT)/D(GPS) 1.003 Mumber of Sats 6
Latitude (deg) 30° 6'37.49" Sats Changes 0
Lengitude (deg) -95° 26'15.59" Altitude 36 [ft]
HOOP 1.20 Delta Altitude 0.0 [ft]
Altitude (ft) 56.43 HDOP 1.4
GPS Data
—HDOP
2 v :
- -+ | ESSUUSSSRRRSRRNRUUUSORRRNS SOUSOUSSSSSOSSUUUSOUSSRPP SUOMRN 5 e T e PSS
= !
EI?E- e T e s
LR I \ ---------------------------------------------------- .
 — L
758 690 622 554 436

Ensemble Mumber



EEIEENENELEE [2S| e Status, Bar
Bl e e LIS ALY

Indicates Quality of GGA and VTG Data

coA data GG I
4 2 1 0

RTK Quality Differential Uncorrected Invalid Disabled

Position Quality Fosition or no data /Inactive
Position
Valid Velocity*
Valid (Limited Invalid Disabled
Velocity Satellite orno data [/Inactive
Coverage)

m If RED stop and resolve issue (check antenna
cables and make sure clear view of sky)

Hydr oustics
. ZUSGS



Maintaining SPeedandiDirection

m Avoid abrupt changes in heading and speed

m When using GPS, it is even more important to
maintain a consistent speed and direction

P st ey

Not SMOOTH!

o = o
(=] =] = =




Selecling Refernence torCompuie ©

m If no moving bed or few invalid BT,
Bottom track should be used as reference

m When deciding between GGA and VTG,
select the reference that looks the most
uniform and consistent for all transects

w

PS-VTGEN
e
:20.0 ft

mrofgeis



GRSISUmmary.

m Use of DGPS is preferred in moving bed
conditions

m Requires:
m Clear line of sight to satellites
m Accurate compass headings
= Magnetic variation (declination) for site

m Watch for errors in the field,
m Go smooth, steady and slow

m Select best reference available that can be
applied to all transects

mrofgeis



QUESLIENSY,
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