ACOUSTIC DOPPLER VELOCITY METER (ADVM) APPLICATIONS IN KENTUCKY

Kentucky's varied topography and climate leadsto uniquechallenges in the
installation and maintenance of surface water stations. Fixed mounted
hydroacoustic systems present an even greater challenge. The Kentucky Water
Science Center installed itsfirst Acoustic Doppler Velocity Meter in February
2007 and now has4 ADVM’s mounted throughout the state in various
applications eachwith its own special set of spatial and environmental demands.
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What is an Index Velocity Site Con’t?

" Used where a stage/discharge is not able to
tained:

ere velocity is needed
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" Site Selection!!!!
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What i1s needed for an Index site?

Site Selection!!!!
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ar the region of max velocity free from any boundary

aight for 300ft or 5-10 channel widths
nannel widths US or DS of any tributary
ed to 1 channel

t to scour and fill

at all stages
Easily accessible for installatio






What i1s needed for an Index site?

" Site Selection!!!!
Site is relatively parallel and uniform
2ar the region of max velocity free from any boundary

traight for 300ft or 5-10 channel widths
annel widths US or DS of any tributary
ined to 1 channel

ject to scour and fill
e at all stages
lon and O&M
Free from air entrainment






What is needed for an Stage/Discharge site?

" Site Selection!!!!
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Instrumentation Selection

There are a few types of instruments that can

vide velocity:

® Acoustic Doppler Velocity Meters (ADVM) side looking

® Acoustic current meters that use Doppler principle
to measure water velocities in a 2-deminsional
plane. Sidelooking is mounted so the beams
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Installations ADVM side looking
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Installations ADVM side looking
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ADVM side looking
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Installations ADVM up looking




Rating development

emember our equation to obtain discharge



Rating development

Well we have the “Velocity” installed



Rating development

ow do we get the Area



Development of Stage-Area Rating

ablish a standard cross section
the standard cross section
ge-area rating and

area rating
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Rating development

Now we have both
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Start measurement

gin the measurement at the beginning of a
2 and measure for 12 minutes
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After measurement

leve data from ADVM
final set of gage readings

Ischarge with other
made at the site
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QM # DATE TIME

8/12/2010 1315-1325
2/12/2010 1330-1340
8/12/2010 1345-1355
a/12/2010 1400-1410
2/2/2011 1015-1025
2/2/2011 1030-1040
2/2/2011 1045-1055
2/2/2011 1100-1010
2/25/2011 1645-1655
2/25/2011 1700-1710
2/25/2011 1715-1725
2/25/2011 1730-1740

STAGE DISCHARGEAREA  SL1500 VELOCITY MEAMN VELOCITY SL1500 VELOCITY STAGE*VELOCITY

5.9
5.9
5.93
5.9
21.73
21.87
22.01
22,15
37.49
37.56
37.65
37.71

209 605.7
213 605.7
208 610
206 605.7
16504 3627
16755 3660.4
17159 3693.9
17297 37274
40000 8458.8
42200 8487
41100 B8523.3
42100 8547.5

&

0.07
0.08
0.14
0.11
3.49

3.5
3.51
3.51
3.93
3.77
3.89

3.88

0.345055308
0.351659237
0.240983607
0.340102361
4.550317066
4.577331079
4.645263639

4.64052498

4,72880314
4.972328169
4.822092929
4.925405264

Rating 1.0

v =1.219x+0.2348

0.07
0.08
0.14
0.11
3.49

3.5
3.51
3.51
3.93
3.77
3.89
3.88

0.413
0.472
0.8302
0.649
75,8377
76.545
77.2551
77.7465
147.3357
141.6012
146.4585
146.3148

# Seriesl

Linear (Seriesl)




QM # DATE TIME STAGE DISCHARGEAREA  SL1500 VELOCITY MEAMN VELOCITY SL1500 VELOCITY STAGE*VELOCITY
8/12/2010 1315-1325 5.9 209 605.7 0.07 0.345055308 0.07 0.413
8/12/2010 1330-1340 5.9 213 605.7 0.08 0.351659237 0.08 0.472
8/12/2010 1345-1355 5.93 208 610 0.14 0.240983607 0.14 0.8302
8/12/2010 1400-1410 5.9 206 605.7 0.11 0.340102361 0.11 0.649

Adlafanaa anac annac e L= S ] LT =t b ] - oAn A COATSA TS S o oAn = n"ln
i

7/28/2011 1045-1055 8.68 1924 1034.9 1.44  1.859098859 1.44 12.4992
7/28/2011 1100-1110 8.66 1896 1031.7 1.46 1.83774353 146 12.6436 ”?‘5
7/28/2011 1145-1155 3.63 1792 1026.9 1 Rating 1.0 '
7/28/2011 1200-1210 8.62 1818 1025.3 __

7/28/2011 1215-1225 8.61 1746 1023.7 Rating 1.0

10/12/2011 845-855 5.9 235 605.7

10/12/2011 900-910 5.89 239 604.3

10/12/2011 915-925 5.88 231 6029

10/12/2011 930-540 5.87 236 6014

1/10/2012 1100-1110 9.16 1830 1112.4

1/10/2012 1115-1125 9.16 1720 1112.4 S
1/10/2012 1130-1140 9.15 1740 1110.8 : _ o

1/10/2012 1145-1155 9.15 1710 1110.8 o tinear (series1)
3/27/2012 1600-1610 13.27 4204 1818.1 n

3/27/2012 1615-1625 13.26 4174 1816.3

3/27/2012 1630-1640 13.25 4160 1814.4

3/27/2012 1645-1655 13.25 4225 1814.4

Axis Title

&

USGS



QM # DATE

TIME

8/12/2010 1315-1325
8/12/2010 1330-1340
8/12/2010 1345-1355
8/12/2010 1400-1410

Afalanaa anac annc

7/28/2011 1045-1055
7/28/2011 1100-1110
7/28/2011 1145-1155
7/28/2011 1200-1210

Tfaofan11 1918 190s

5/8/2012 1300-1310
5/8/2012 1315-1325
5/8/2012 1330-1340
5/8/2012 1345-1355
1/31/2013 815-825
1/31/2013 830-840
1/31/2013 845-855
1/31/2013 900-910
4/30/2013 800-810
4/30/2013 815-825
4/30/2013 830-840
4/30/2013 915-925
7/18/2013
8/20/2013
10/29/2013
11/18/2013
11/18/2013
2/28/2014

19.66
19.66
19.68
19.71
22.19
22.22
22.25
22.28
14.64
14.6
14.56
14.45
12.24
7.82
6.7
224
22.4
18.88

STAGE DISCHARGEAREA  SL1500 VELOCITY MEAMN VELOCITY SL1500 VELOCITY STAGE*VELOCITY

3.9
5.9
5.93
5.9

e

8.68
8.66
B8.63
8.62

Lo =y |

9570
9650
9282
9293
14900
15200
14700
15300
6528
6466
6419
6170
4647
1098
672
16155
16055
7280

3143.1
3143.1
3147.7
3154.6
3737
3744.2
3751.4
3758.6
2081.4
2073.6
2065.8
2044.3
1631.1
898
724.1
3787.4
3787.4
2966.4

209
213
208
206

L= S ]

1034.9 144 1.859098859

1924
1896
1752
1818

1TAS

1031.7 1.46
1026.9 ; ‘
1025.3 A

1093 7
3.044725975

2.45

605.7 0.07
605.7 0.08
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605.7 0.11

LT =t b ] - oAn

0.345055308
0.351659237
0.240983607
0.340102361

A COATSA TS S

1.83774353

0.07
0.08
0.14
0.11

- AT

1.44
1.46

0.413
0.472
0.8302
0.649

12.4992 7??

12.6436

Rating 1.0

Rating 1.0

2.4
2.9
2.3
3.4
3.4
3.4
3.4
2.9
2.9
2.9
2.3
2.3
0.9
0.54
3.6
3.6
2.

Rating 1.0

1.1B81x+0.07
Rf=0.9853

sl
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Linear (Series1)
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near (Series1)




Rating 1.0

&

| 1RA1x+0.07¢
R*=0.9853

y=mX + b + error

y= computed mean velocity

m= slope of line

X= index velocity

b=y intercept (where the regression
line crosses the y=axis when x=0)
error= error around regression line

e B = L - = -

Axis Title

* Seriesl

Linear (Series1)

# Seriesl

Linear (Series1)

triesl

near (Series1)

0O LN ST




Regression statistics

Multiple B

B-square

Adjusted B.-square

Standard emmor

Observations
ANOVA

Pegression
Feesidual
Total

Intercept
Vi

0.997162

0.904332

0.994242

0.048452
65

Coefficients

0.01768
0.901298

55
2595845
0.1479462
26.10641
Standard error P-value

0.01072 1.649276 0.104062
0.008573 105.1318 1L 71E-72

Significance F
1.71E-72

Lower 85%:
—0.00374
0.884166

&

USGS



X Variable 1 Residual Plot
Regre

Multiple F.
B-square
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Standard emror
Observations

ANOVA

Pegression
Feesidual
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Intercept
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X Variable 1 Residual Plot
Regre

Multiple F.
B-square
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Standard emror
Observations

ANOVA

Pegression
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Reqgri
Multiple B
B-square
Adjusted B-sc
Standard erro

Observations
ANOVA

Pegression
Feesidual
Total

Intercept
Vi

0.10

0.00

Upper 95%:
0.039102
0.018429

&

USGS



NO TREND

dicates that the index velocity is an
priate estimator for the mean channel

ore other variables
channel velocity



Discharge Rating Analysis (DRA)

Discharge Rating Analysis shows how
asurements plot on the rating

established the DRA verifies
rating Is changing



Qm Rating Analysis

N
Qm#| Rated | Q | Rateda [%/Differenkel Rating#
34| Good | 40000 | 401424 |/ 04 \] 10 8458.8
35 | Good | 42200 | 386627 | 91 | 10 | 6.97
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Stream velocity, feet per second
Most recent instantaneous value: 0.12 06-03-2014 09:50 EDT

USGS 83293518 BEARGRASS CREEK AT RIVER ROAD AT LOUISVILLE, KY

Discharge, cubic feet per second
Most recent instantaneous value: 79 06-03-2014 09:50 EDT
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Question and Answers for Index Velocity

es index velocity work at every site?

st backwater, tidal effected, slope stations;
do. The installation and section location
challenging. There are some instances
locity will not work in backwater
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THREEMILE CREEK AT HWY 9 AT COVINGTON, KY U3SG3 03254695
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THREEMILE CREEK AT HWY 9 AT COVINGTON, KY U3SG3 03254695
Discharge (cfs)
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Measurements 22
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YELOCITY
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# Seriesl

Linear (Seriesl)

DISCHARGE
10.8

2.22
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What happens when you don’t see any effects
from backwater and a stage discharge
relationship looks fine?

od example of this is a site 13 miles from
10 River and measurements checked
a stage discharge rating:



LICKING RIVER AT HWY 536 NEAR ALEXANDRIA, KY U3G3 03234520

Discharge (cfs)
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BRTIMG M0. 1 STRRTING RT 100172006 {(Qadaon)
HERFUVREHENTS SUBSEQUVENT To 1070172008
FLUF ALL RBOYE 10 [F5 RRE FLOTTELD
L06 OFFSET: 0 RGING STRTUS: Undefined
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LICKING RIVER AT HWY 536 NEAR ALEXANDRIA, KY U3G3 03234520

Discharge (cfs)
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Looks to check out where
backwater is expected
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LICKING RIVER AT HWY 536 NEAR ALEXANDRIA, KY U3G3 03234520

Discharge (cfs)
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Measurements in backwater
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STATION:022584520 LICKING RIVER AT HWY 536 NEAR ALEXANDREIA, KY TYPE:STREAM AGENCY:USGE STATE:21 COUNTY:027
LATITUDE: 325513 LONGITUDE: 0842652 NADZT7 DEAINAGE AREA:2592* CONTRIEUTING DRAINAGE AREA: DATUM:4 80 NGVDZ9
Date Processed: 2010-02-11 07:29 By aruby
Lowest aging status in peried is WORKING
DD #2
Digcharge, cukic feet per seceond
WATER YEAR OQCTOQBEER 2008 TO SEFTEMBEER zZ002
DATLY MEAN VALUES

DEC FEE MAR AFR

elnz 12100 5040 4170
e28l 2950 5430 3550
e303 2780 41350 4920
e340 9350 A5TO 11600
e344 G980 2940 15500

e334 5250 2440 11700
elzb 5460 2220 9390
eila2 17400 2090 2840
e323 20300 1700 TeT0
eiss 14000 el820 6170

ela’d 16800 el710 12200
ebhla 20500 eladl 12200
e6ld 153500 el520 12000
elz220 16400 21440 132200
elG3d 143200 =1440 12100

el730 11500 elano 10100
elas T&T0 21540 2890
el810 5650 22540 T1ls0
22250 4430 23510 5860
22770 3920 3310 7240

22820 3380 2850 11400
22540 2100 2270 12600
22250 28660 1770 2880
ed 830 2180 1500 7110
el5000 1790 13220 5410

216000 1540 2570 4220
29240 3920 5140 3280
24610 4330 4660 e2950
24220 5920 22500
4220 5470 22150
23630 4760 -—-

2828 2915
16000 5920
283 1220




STATION:022584520 LICKING RIVER AT HWY 536 NEAR ALEXANDREIA, KY TYPE:STREAM AGENCY:USGE STATE:21 COUNTY:027
LATITUDE: 325513 LONGITUDE: 0842652 NADZT7 DEAINAGE AREA:2592* CONTRIEUTING DRAINAGE AREA: DATUM:4 80 NGVDZ9
Date Processed: 2010-02-11 07:29 By aruby
Lowest aging status in peried is WORKING
DD #2
Digcharge, cukic feet per seceond
WATER YEAR OQCTOQBEER 2008 TO SEFTEMBEER zZ002
DATLY MEAN VALUES

DEC FEE MAR AFR

ein2 12100 5040 4170
e283 2950 5430 3550
elin3 2780 41350 4920
e34n 9350 A5TO 11600
eld4 G980 2940 15500

e334 5250 2440 11700
e325 5460 2220 9390
e3l2 17400 2090 2840
e323 20300 1700 TeT0
e3hb 14000 elB820 6170

elia’7 16800 el710 12200
ehl 6 20500 elado 12200
eald 153500 els20 12000
el220 16400 21440 132200
els3l 143200 e1440 12100

el730 11500 els00 10100
eles T&T0 1940 2890
el810 5650 22540 T1ls0
e2250 4430 e3510 5860
e2770 3920 3310 7240

e2820 3380 2850 11400
22540 2100 2270 12600
e2250 28660 1770 2880
ed 830 2180 1500 7110
el5000 1790 13220 5410

el6000 1540 2570 4220
e9240 3920 5140 3280
e4610 4330 4660 e2950
ed4220 5920 2500
ed220 5470 e2150
23830 4760 ---

2828 2915
16000 5920
283 1220




Can you have a stage discharge and
Index velocity rating at the same site?

Yes compound ratings are possible

lower end of the rating may be

nted very well by a stage discharge,
per end, such as a slope site may
velocity.

similar to:



EXPLANATION

mmmmm  fegression cune
2 Measuremsnts

Lower Rating
stage discharge

LUPPER RATING:
y= 065" +0.05

"----...._____‘_‘_‘_,"h z




Can this technology be used for anything
other than providing discharge?

Yes. Estimating suspended sediment in rivers
streams.

diment concentrations can reduce:



Can this technology be used for anything
other than providing discharge?

le to biofouling like turbidity sensors
ampling volume
Information on sediment size
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Corrected acoustic backscatter from 3,000 kiloHertz
acoustic Doppler meter, in decibals
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Relation b=taeen acoustc backscattsr and
suspended-sedimant concentration, 2008-2010:
e [CosMeclent of Determination) = 083

Relation betwesn
- . streamfow and
suspendad-sediment concentration, ME-2010:
Fi [Cozffclent of Determineation] - 058

10,000
Streamflow, in cubic feet persecond

100,000




Is there a cost difference for an index
velocity?

cause the site requires more equipment
ore measurements at all velocities, the
ases for the first 2 years.

goes to regular O&M costs after



| feel |
always
[o]0] 4
sideways.

Don’t

worry

things are

starting to
look up!




