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Index Velocity Techniques &

Methods
m Standardize procedures = No guidance for
» Detailed guidance index velocity under
= Site selection ICE
= ADVM selection m Describes index
= ADVM orientation rating development
= ADVM configuration using Excel
= Velocity data Quality m New index rating
Assurance tools are coming!
= Rating development and
verification



Techniques & Methods - Highlights

Site selection

ADVM location and alignment
Configuring the ADVM

ADVM data to transmit

Discharge measurement procedures
Routine field procedures

Routine office procedures

Stage-area rating creation and verification
Index rating creation and verification
Index Rating shifts




Techniques & Methods - Highlights

mincrease in documentation

U.S. GEOLOGICAL SURVEY
ZUSGS L

U.S. GEOLOGICAL SURVEY INDEX-VELOCITY GAGE INSPECTION FORM Augost 2011
% USGS ADVM INSTALLATION AND SETUP FORM August 2011
Station Number Station Name
Station No. Station Name
Party Date | Watch Time | Logger Date | Logger Time|  Reset?
Date Installed Installed by | yiNa
Battery voltage Weather (Air temp., Wind speed & direction, etc.)
Mfgr/Model | Acoustic Freq. |Firmware Ver.| Serial# |  HIF# | USGSW#
ADVM Mounted on [ Cable Length Field Observations
LB { RB / Other (describe) A/ m | Time (Zone) | DCP/Logger | ETGTI 0G RP 1o WS_| Velocily
Initial Beam Check Filename Boundary Reflection Identified?
At/ m
Water Temp | ADVM Temp Salinity | ADVM Sal. | Deploy Sensor | SDI 12 Address
| SDI-12 or Auto. |
ADVM Date | ADVM Time y Name | Or correction
lset @: Yes or No
Hending Pitch Roll | MagVar | Depth | Press. Depth
ADVM Recorder Data
Mid-transducer Face Depth Retrieve Data Names of downloaded file(s)
Stage | minus | Depth to Transducers | equals | Transducer stage Yes or No
Elevation of ADVM above streambed: form Beam Check
Beam Check Acceptable? ‘Beam Check Filename(s)
SonTek ADVM Configuration OK or Not OK
Note: Wiite Molex connector (jumper) comnected for RS-232 commmnications and wnpiugged for SDI-12 communications Describe Results/
Output Format | Recorder | Averaging Int. (Al) Sampling Int. (SI) PowerPing Corrective Measures
sec. sec. | On O
Cell Begin (CB)| Cell End (CE) Blank (BD) _[Cell Size (CS)] # of Cells T ADVM Obocrvationy/ Confignration
Log File Name
‘ Heading Pitch Roll ADVM stage Time
Teledyne RD Instruments ChannelMaster Configuration RIS
Blanking | No. of Cells | Cell Size  Water Pings | Measurement | Time between | Cells Used for Deploy Sensor ‘Water Temp | ADVM Temp | Meas. Salinity | ADVM Salinity
Distance (WN) (WS) (WP) Interval | pings (TP) Index SDI-12 or Aufonomous
sec. Start Date | Start Thne i Sampling Int. | Averaging Int.
Other Commands/Info ADVM Recording Info Tntervals
Comments: | Save Setup!




& USGS

U.S. GEOLOGICAL SURVEY

ADVM INSTALLATION AND SETUP FORM

August 2011

Station No.

Station Name

Date Installed

Installed by

Mfgr/Model

Acoustic Freq.

Firmware Ver.

Serial #

HIF #

USGS W #

ADVNMI Mounted on Cable Length
LB / RB / Other (describe): ft / m
Initial Beam Check Filename Boundary Reflection Identified?
aft /' m
Water Temp | ADVM Temp Salinity ADVM Sal. | Deploy Sensor | SDI-12 Address
SDI-12 or Auto.
ADVM Date | ADVM Time Deployment Name Orientation correction
Set (@: Yes or No
Heading Pitch Roll MagVar Depth Press. Depth
Mid-transducer Face Depth
Stage minus | Depth to Transducers | equals Transducer stage
Elevation of ADVM above streambed: ft orm
SonTek ADVM Configuration
Note: White Molex comnector (jumper) connected for RS-232 communications and wnplugged for SDI-12 communications
Output Format Recorder Averaging Int. (Al) Sampling Int. (SI) PowerPing
sec. sec. On Off
Cell Begin (CB) | Cell End (CE) Blank (BD) Cell Size (CS)| # of Cells

Teledyne RD Instruments ChannelMaster Configuration

Blanking | No. of Cells | Cell Size | Water Pings | Measurement | Time between | Cells Used for
Distance (WN) (WS) (WP) Interval pings (TP) Index

sec.
Other Commands/Info

Comments:

ADVM
Installation &
Initial Setup
Form




U.S. GEOLOGICAL SURVEY
% USGS INDEX-VELOCITY GAGE INSPECTION FORM

August 2011

Station Number Station Name

Watch Time

Reset?
Y/N @
Weather (Air temp., Wind speed & direction, etc.)

Party Logger Date |Logger Time

Battery voltage

Field Observations .
Time (Zone) | DCP/Logger | ETG/TI 0G RPto WS | Velocity R O u t I n e
ADVM Recorder Data
Retrieve Data Names of downloaded file(s)
Yes or No
Beam Check
Beam Check Acceptable? Beam Check Filename(s)
OK or Not OK
Describe Results/
Corrective Neasures

ADVM Observations / Configuration

Log File Name

Headin Pitch Roll ADVM stage Time
ADVM Sensor Readings : .
Deploy Sensor Water Temp | ADVM Temp | Meas. Salinity | ADVM Salinity
SDI-12 or Autonomous
Start Dat Start Ti Sampling Int. | Avera Int.
ADVM Recording Info ! ¢ ! me Intervals PTne craging

Save Setup!




Site Selection

m Fleld and research observations
m Reconnaissance measurements
m Temporary ADVM installation



Look for Uniform Velocity

Depth [ft]

Distance from left bank [ft]

-3
ZUSGS



Look for Uniform Velocity

Distribution
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Be aware of Unusual Velocity

Distributions

f "ﬂ‘h“#ﬁ- 'al L
Ii" o DA 3:_:’_ jud. | i
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Depth [ft]

80
Distance from left bank [ft]

May affect choice of ADVM orientation and installation

%



ADVM Location and Alighment

m Ildentify optimum location at the chosen site
m Clear of boundary effects
m Clear of flow disturbances
m Measurement volume near maximum velocity

m Optimum alignment of the ADVM
m Sometimes overlooked
m Critical for the best possible index rating



Wake Turbulence/Boundary Effects

Bridge pier

Turbulence Turbulence
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ADVM Alignment
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ADVM Alignment

Flow




Beam
Velocity

Beam
Velocity

Beam velocity, in feet per seco

5 EXPLANATION

Alignment

—— Beam 1velocity
——— Beam 2velocity
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aligned
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Configuring an ADVM

m Choosing the best measurement volume
m Signal strength analysis (beam checks)
= Multiple-cell velocity data analysis



Beam Signal Strength Analysis

Signal amplitude, in counts
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: EXPLANATION
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Beam Signal Strength Analysis

Argonaut-5L 500 kHz, [#E2537] - 10/5/2009 11:42:50 AM [Averaged: 39 pings]
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Beam Signal Strength Analysis

Argonaut-5L 500 kHz, [#E2597) - 1152010 11:39:23 AM [Averaged: 31 pings])

Amplitude (courts)

a0—

Range (m)
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Beam Signal Strength Analysis

(50 pings averaged)
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Multiple Cell Velocity Analysis

EXPLANATION
— X-velocity, range-averaged cell
— X-uelocity, cell 1
— X-velocity, cell 2
— X-elocity, cell 3

Velocity, in feet per second
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EXPLANATION
X-velocity standard error, rang e-averaged cel
— X-velocity standard error, cell 1
K-velocity standard error, cell 2
X-velocity standard error, cell 3

standard error, in feet per second
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Configuring an ADVM

m Routine measurement interval

m Site dependent

m Start with 5 minute interval
(evaluate the data and adjust as necessary)

m Tidal sites can usually use 15-minute interval

m Routine averaging period

= Site dependent

m Maximize averaging based on measurement interval
Example: 5-minute measurement interval and 4-minute
averaging period




Routine Measurement Interval

Structure 1

—=—15-minute
===5-minute

>

N

Index Velocity in feet per second
w

T~
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0 = ==
14:00 14:28 14:57 15:26 15:55 16:24 16:52 17:21 17:50
Time




Index Velocity in feet per second

Measurement Interval

Rocky Creek
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=
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14:00

15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
Time
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ADVM Data to Transmit to NWIS

X velocity

Cell End

ADVM temperature
Y velocity

Average SNR

Consider transmitting
multi-cell data if possible

1561 0002 ¢2 6



Discharge Measurement Procedures

m Set ADVM Measurement Interval to 60 seconds
m Set ADVM Averaging Period to 60 seconds
m Record ADVM data internally




Discharge Measurement Procedures

2.0

1.8
1.6 —
14 —
1.2 —
1.0 —
08 —
0.6 —

Index velocity, in feet per second

04 —
0.2 —

EXPLANATION

*

- - -==-=- 15-Minute Velocity Data

1-Minute Velocity Data

0.0

12:57

13:04 13:12

13:19
Time

13:33




Routine Field Procedures

m Recover and review internal ADVM data

m Signal strength check (beam check)

m ADVM internal time check

m ADVM temperature check

m Clean ADVM

m Check alignment

m Record heading, pitch, and roll (if applicable)

m Field forms are provided
= Installation
= Routine inspection




Routine Office Procedures

m Review ADVM data — both Transmitted and
Internally-Recorded Data

m Review the following internal recorder data:
= Velocity (range-averaged and multi-cell)
m [emperature
= Cell end
m Sighal amplitudes and instrument noise
m Internal diagnostic signal strength checks
s Heading, pitch, and roll
m Velocity standard deviations




Stage-area Rating

Identify and document location of
standard cross-section (should also be
described in station description) and
measuring sections

Identify and document data used for survey

ADVM 8
Ih

4
1/

I Bridge FAow |

measurement " ;
I section

1 Wading
I measurement
saction

Standard
cross section

sti
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Example of Integrating an ADCP

and Conventional Survey

[

! EXPLANATION
| =—+— Lat bank SUMVEY

Ll ! —=— ADCP bathymatry
—=— Right bank survey

Table 5. Table showing simg

Elevation
— Station  (feet above
(feet)  gage datum)

Elevatian, in feet
ma
|

i 141 0.00
cross section 2= . 163 -5.20
4 _ 195 573
, <L | 208 6.24
o I | | | | 220 -T.13
i 100 00 300 400 500 £00 i;? ;‘?;
- Station location distance from laft bank looking downstraam, in feet 336 :T. 10
244 =713
254 -T.42
256 -T.46
266 -T42
Table 4. Table showing channel bank survey data. 176 125
Elevation 286 61
Station  (feet above 205 -6.20
ifeet)  page datum) Comment 306 -5.70
37 -5.40
Left bank survey 327 475
0 LIC] Lett edge of water {water surface) 334 -4.15
d 0.20 346 4.21
! 10 1.06 356 4,25
& i EXPLANATION [ — 14 171 366 -4.28
E _.' == Left bank survey i :; g;g 316 =il
= A | —=— ADCP bathymatry : - i . ig: ji?
= \ I
E‘ 1= —&— Hight bank survey i — a8 591 409 4.9
E i 141 B33 End of left bank survey 419 -4.19
@ 0 - = Right bank survey 429 -4.54
o 3 | 0 0.0 Right edge of water (water surface) H0 457
13 0.54 450 -4.19
- - 17 301 460 -4.39
20 599 470 -4.31
& = e 28 5.0H Land surface extends nearly horizontal into 479 -3.98
| ] | | | forested wetland as far as you can see 509 .00
# ] 100 200 300 400 500 GO0

Station location distance from left bank looking downstream, in feat b T C




Stage-area Rating

m Use AreaComp to compute the stage-area
rating

m Archive all related data

AreaComp 1.3

File Help
Station . Stage Area P'S
01234567 Cross Section I 445,957 Stage Area Rating
Gage Height o 395 461.991
7 -39 473.068
Minimum -4 i 285 494173
Mazimum |5 A -3.8 510.308
= 375 526,467
Increment  {0.05 5 37 542,657
Datum  [0.00f A 365 554,875
S 36 575.121
Location [Elevalion - [ s 2 355 591.396
479 -3.9775 T 1 -35 607.698
O
504 0.4 @ o0 . : s 345 £24.029
o0 0042 Ao feseedaae - 34 640,388
513 0538 2 - 235 656776
:;; 3'5012; 3 o 33 £73.191
4.9% = 3.25 689635
w 0 =) : 32 706.107
< |» B 315 722608 .
- - & et Sl e 31 739136 /
Animate Cross Section I - - T T 1 T T T T T -3.05 755.693 é | y 0 I() 5I (;00 3 SIUO
0 50 100 150 200 250 300 350 400 450 500 5 772978 500 1,000 1,501 2,000 2,500 3, y
Create Stage Area Rating I Location 5 9’5 788.831 ll Area




Stage-area Rating Verification

Re-survey every year for first three years
m If S-A rating Is stable —then every 3 years

m Re-survey if index rating shows outlier
m Re-survey after flow event

m Guidance provided for when stage-area
rating changes should be made



Elevation, in feet above datum

Evaluating Cross-section Change

40

35

30

25

20

40

4. Original standard cross-section s ape

B. Standard cross-section shape after flood event

Left bank

Right bank

Left bank

Right bank

C. Standard cross-section shape after 1 year with no events

D. Standard cross-section shape after 1 year with no events

/r g

| | | | | |
Left bank Right bank Left bank Right bank
| \ | | | \
0 200 400 600 800 0 200 400 600 800
Location across channel, in feet
¢ a




Stage-area Rating Verification

Original Stage-area Stage-area Stage-area
Stage-area rating?, rating?, rating?,
Rating! A Example B Example C Example D
Percent Percent Percent
Difference Difference Difference
Stage Rated Area from from from
Statistic (ft) (ft2) (A) (A) (A)
Minimum 22.15 1,760 30 -1.7 -8.0
Maximum 31.98 8,640 6.1 -0.4 -1.5
Mean 25.42 3,830 14 -1.0 -3.6
!Original stage-area rating
2After flood event
3After 1 year and no flood events
Hyd/r s



Flowchart for Rating Development

Graphical Data Analysis [A) )

v

Create data plots
(A-1)

v

Review plots
(A-2)

Y

( Simple Linear Rating (B) )

Y

Simple linear regression
(B-1)

¥

Evaluate statistics
(B-2)

Loak for patterns in
residual plots
(B-3)

Regression/plots
acceptable?
(B-4)

Implement rating
(B-5)

Review data plots.
MNon-linear trend?
(B-6)

Mo

<Cnmpnund Linear Rating [CI)

¥

Group data
(C-1)

v

Simple linear regression
on each group
{C-2)

4
Evaluate statistics
{C-3)

¥
Look for patterns in
residual plots
{C-4)

Y

Create transition
between segments
{C-5)

Implement rating
{C-6)

-~

Multiple-Linear Rating (D} )

v

Choose variables
{D-1)

Y

Multiple-linear regression
(D-2)

v

Evaluate statistics
(D-3)

v

Look for patterns in
residual plots
{D-4)

Compare to simple
linear regression
{D-5)

Use Multiple-Linear

Implement rating

(D-6}

Use Simple Linear

Hydr



Simple Linear Regression

Station 02172002 - Lake Moultrie Tailrace Canal at Moncks Corner, SC

m Use as the
. base line for
§ o comparing
5 other
5 regression
2 alternatives
o 1 2 a4




Evaluate Residuals

S
>
9
Q
S
S
>
=
8
o .
C residual — departure of
S “1C observation from regression line
a
Independent variable -

V.



Residuals versus Index Velocity

Station 02110400 - Buck Creek nr Longs, SC

04
4P0

Residuals of Mean VWelocity, in Feet Per Second
0.2 0.0
|
(&)

-0.4

0.0 0.5 1.0 1.5 20 25

X Index Velocity, in Feet Per Second
PLOT 3 for Eq. 1: Va = a + b*Vi RS0 = 0.907 , SE = 0.188



Residuals versus Gage Height

Station 02110400 - Buck Creek nr Longs, SC
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Residuals versus Time

Station 02110400 - Buck Creek nr Longs, SC
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Mean Velocity, in Feet Per Second

25

20

15

1.0

05

0o

Does data indicate changes in slope?

Station 02110400 - Buck Creek nr Longs, SC

Residuals of Mean Velocity, in Feet Per Second
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Compound Linear Ratings

Station 02110400 - Buck Creek nr Longs
Station 02110400 - Buck Creek nr Longs, SC

— MNode for Segmented Straight Line Regression
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PLOT 1 for Eg. 4 : Segmented Straight Lines | RSQ = 0971, SE= 0.10 i i
a l 9 : . X Index Velocity, in Feet Per Second
PLOT 3 for Eg. 4 : Segmented Straight Lines , RS0 = 0.971  SE= 0107
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Should Stage Be a Variable?

Station 02110400 - Buck Creek nr Longs, SC

Mean Velocity, in Feet Per Second
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PLOT A - Mean Velocity vs Gage Hei
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Should Stage Be a Variable?

Station 02110400 - Buck Creek nr Longs, SC

Station 02110400 - Buck Creek nr Longs, SC

— Mode for Segmented Straight Line Regression
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Index Rating Development

B8R0 R0

m Plot index velocity and mean velocity
(use as a baseline to compare other rating forms)

m Evaluate residuals plots versus
m Index Velocity
m Stage
m Time or measurement number

s Evaluate R?, Standard Error (SE), number of
observations, and p-values

m Evaluate separating the data into regions

m Evaluate including gage height as a variable
m Typically use (gage height x index velocity)

Hydr sti
ZUSGS



Index Rating Shifts

m Evaluate possible shifts using residual plots
and observed conditions
m Trends in residuals over time
m Trends in a specific range of values
= Field observations
= Where to transition the shift

m Accuracy of measurements

m Consider errors in discharge measurements
and/or index velocity data

m Accuracy of index rating
m Consider error associated with the index rating

Hydr sti
ZUSGS



Mean velocity, in feet per second

Index rating residuals, in feet per second

12

10 -

Index Rating Shifts

EXPLANATION
# Measurements 1 - 12, rating data
® NMeasurement 12

Mean velocity = 0.92 * Index velocity + 0.01 —

02
0 | | | | | | |
020
I I I I | | I
015 B = —
010 —
0.05 —
*
-
[Lm * . - E 2 - +* —
L ]
005 * —_
EXPLANATION
S # Measurements 1 - 11, rating data ]
® Measurement 12
-0L15 —
020 | | | | | | |
0a 02 04 0.6 0.8 1.0 1.2 1.4 14

Index velocity, in faet par second

Mean velocity, in feet persecond

Index rating residuals, in feet per second

12

10 —

0.15

0.10

0.05

-0u05

-0

-0L15

[
A

EXPLAMNATION
4 Measurements 1 - 11, rating data
® Measurements 12 - 15
& Measurement 16

*

Original Rating:
Mean velocity = 09175 * Xvel + 0.0082 —

I | | l l |

o4 0.6 ne 1.0 1.2 14 18
Index velocity, in feet per second

EXPLANATION
+ Measurements 1 - 11, rating data
W Measurements 12- 15

— & Measurement 16 =

[ 1 ¢ ¢+ & & & & § 1 1@ |

Sep. Oct Mowv. Dec.|Jan. Feb. Mar Apr. May June July Aug. Sep. Oct
2009 2010




New Policies and Procedures

m Guide book for using index velocity to
compute continuous discharge

vided

m Many examp

=

locity, feet per secon

Measured-mean ve

elocity - rated velocity,

in feet per econd
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T T T 1T 17T 171

.

-0.08
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06 08 10 12 14 158 18 2
Index velocity, in feat per second

les are pro

M easured-mean velocity, in feet per second

1.4

12 =

10—

08

0.6

EXPLANATION
# Lower range
& Transition range
= |lppar ranga

0.z 0.4 0.6 0.a 1.0
Index velocity, in feat per second
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