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Acoustic Doppler Velocimeters Making Waves in Nearshore Research 
San Diego, California, USA

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

 Understanding wave behavior has huge implica-
tions, from the most casual surfer to the most rugged Navy 
special-ops warrior and plenty of people in between.  Surfers 
are looking for a beautiful curl and a long ride; Navy SEALs 
are careful to avoid dangerous currents, but want enough 
wave action to hide them from enemy radar.  Then there are 
zoning authorities looking for guidance on beachfront devel-
opment, park commissioners trying to determine whether to 
site a public beach on a strip of shoreline, and health agencies 
hoping to predict where – and how quickly – a toxic spill will 
travel along the coast.
 “Ideally, we’d like to start with weather predictions, 
then take that all the way to the beach,” says Steve Elgar of the 
Woods Hole Oceanographic Institution (WHOI) in Woods 
Hole, Massachusetts, who studies waves on coastlines around 
the world.  “It would be nice if we could measure waves off-
shore, in deep water, and understand how they go from deep 
water to the beach.”
 One of the most intriguing environments for studying 
the effects of seafl oor topography on waves is the California 
coast north of San Diego, where Scripps and La Jolla canyons 
rip chasms almost all the way to the shore, and offshore islands 
create “shadows” in the surf.  As a result, parents teach their 
young children to swim in the peaceful shallows just yards 
from famous surfi ng spots like Black’s Beach, which serves 
up dramatic surf as some waves bounce off canyon walls to 
reverse course and smash into oncoming tides, while others 
are refracted, or bent, by traveling along the canyons.
 Along that coastline, Elgar and his wife and lab part-
ner, Britt Raubenheimer, joined researchers from a dozen 
institutions in the Nearshore Canyon Experiment (NCEX) 
in 2003.
 NCEX, funded by the U.S. Navy’s Offi ce of Naval Re-
search and the National Science Foundation brought together 
an array of sensing technologies – from multi-channel video 
recorders and satellite cameras to a suite of wave and current 
measuring instruments – to research the complicated effects 
of undersea canyons on waves.  When all the data have been 
analyzed, the experiment should yield a comprehensive model 
that includes modules on waves, circulation and sediment 
transport – vital tools for important decisions along coastlines 
around the world.

ADV Technology Proves Itself
 Elgar deployed about two dozen instruments to study 
wave height, current and water depth for NCEX.  With in-
struments in the water – often in punishing conditions – and 
streams of data fl owing in almost continuously, he was looking 
for durability and reliability, and he found both in a line of 
acoustic Doppler-based technologies from SonTek/YSI.

 First, Elgar had to prove to himself that acoustic 
Doppler velocimeters would excel in ocean conditions.  “Edie 
Gallagher, a grad student of mine, developed an acoustic al-
timeter dedicated to fi nd the bottom,” he recalls.  “Then we 
started using the SonTek equipment and realized that it does 
the same thing.  We compared our fancy sonar altimeter with 
the SonTek equipment and realized that we were getting two-
for-one from the SonTek – the ADVOcean and Triton-ADV 
probes fi nd the bottom and measure current and pressure in 
one instrument.”
 Similarly, he tested SonTek’s acoustic current meter 
against the electromagnetic sensors he previously used.  “We 
used to use electromagnetic current meters, but we were 
constantly correcting for an offset,” Elgar says.  “The electro-
magnetic sensors are temperature-sensitive, so they drift.  Also, 

SonTek Acoustic Doppler velocimeters (ADVs) play a key role in surf 
zone wave research of Steve Elgar and Britt Raubenheimer – not 
just because they can provide extremely accurate current, pressure 
and level data, but also because they can withstand the punishing 
conditions of the surf zone.
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when electromagnetic sensors get a little biofouled, they quit.  
I’ve had SonTek equipment completely covered – one was 
buried for 10 months under a meter of sand – and they still 
collected data.  We have made acoustic current meters work 
as well as or better than electromagnetic current meters, and 
their offsets are perfect.”
 Elgar adds that 
the multiple-sensor 
equipment has really 
earned its stripes in the 
field.  “On one of my 
instruments in a study 
in the Gulf of Mexico, 
the pressure gauge got 
plugged the fi rst day, but 
we got enough informa-
tion from the current 
meter that we salvaged 
the data,” he notes.
 ADV technol-
ogy also proved itself on 
the beach in Raubenhe-
imer’s study of the swash 
zone.  Raubenheimer 
mounted her acoustic 
current meters 2 cm, 
5 cm and 8 cm above 
the sand, supported on 
sturdy tripods.  The me-
ters measure wave action through a cylindrical sampling area 
0.5 cm in diameter and 2 cm high.  The swash comes through 
as a mass of bubbles, which Elgar says can present a challenge.  
“Rather than getting one nice, clean return, we get a mess,” 
he notes.  “But we’ve learned how to post-process the data to 
clean it up so it works great for waves.  Actually, the bubbles 
make great refl ectors.”

The Right Tool
 Matching the right equipment to the assignment was 
also extremely important.  In the surf zone component of 
NCEX, Elgar anchored SonTek ADVOcean probes in 1 and 
2.5 meters of water.  The steel-housed ADVOcean probes de-
livered three-dimensional data on current, wave height, and 
turbulent fl ow patterns, and transmitted the information via 
cable in near-real-time to dataloggers on shore.  “We like the 
Ocean probe because it can blast through the bubbles pretty 
nicely,” Elgar says.  “In Boundary mode, it can blast through 
the sediment to give us a good reading of the bottom, too.”
 Beyond the surf zone, at a depth of 5 meters, Elgar 

positioned SonTek Triton-ADV systems to measure current, 
wave direction and tidal action; one of his students fl anked 
the canyon with a pair of Triton-ADVs in 15 meters of water 
a mile from shore.  Elgar points out that the Triton-ADVs’ on-
board memory were vital – instead of spooling a mile of cable 
to the beach, he and his student simply downloaded the data 

on bi-weekly battery-
changing visits.
 Elgar adds that he’s 
had great success with 
Triton-ADVs in the 
Gulf of Mexico, where 
deploying sensors in 
muddy conditions is 
especially challeng-
ing.  “We do most of 
our work with divers, 
so things have to be 
simple – in the mud, 
it’s totally black, so 
you have to be able to 
do it with your eyes 
closed,” he notes.  “For 
the Tritons, you just 
have to have a single 
pipe jetted in the sand.  
You don’t need a tri-
pod and cables – you 
just slip the current 
meter over the pipe 

and you’re done.  Then we have a little team that goes out to 
change batteries every two weeks.”
 In other fi eld programs, Elgar also used eight Son-
Tek Hydra systems, which have the capacity to add plenty 
of power, as well as external ancillary sensors.  “Hydras have 
so much room for batteries that we can put in two or three 
extra batteries, so they can run a long time – even with CTD 
[a Conductivity-Temperature-Depth sensor that can be added 
via serial port] and OBS [Optical Backscatter, for studying 
turbidity] sensors plugged in,” he notes.  The downside is that 
the extra battery cases require mounting pipes of their own, 
Elgar points out, but the long battery life can make a compel-
ling tradeoff.

Reliability is Paramount
 “It’s expensive to put a current meter in the water,” 
Elgar notes.  That’s why reliability and service are vital to a 
successful experiment.  It also helps that the SonTek equip-
ment includes easy-to-use software that makes the instruments 
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the swash zone above San Diego, Calif. in Woods Hole Oceanographic Institution 
researcher Britt Raubenheimer’s study of current and sediment movement.
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virtually plug-and-play easy.
 Elgar admits that he’s a tough cus-
tomer.  “No-one is as demanding on equip-
ment as I am,” he says.  “I am the customer 
from Hell and I know it.  But I used to tell 
the guys at SonTek, ‘if you can satisfy me, 
you’ll have a great instrument.’  And they 
did.
 “The service from SonTek has also 
been super,” Elgar adds.  “They understand 
that you’re in the fi eld, and things can’t wait 
a month.”
 From the manufacturer’s point of 
view, Elgar and Raubenheimer have been 
invaluable in helping SonTek develop ver-
satile and rugged instruments.  “Steve and 
Britt use our equipment with tremendous 
creativity and outstanding results,” notes 
Chris Ward, Director of Global Marketing 
for SonTek.  “They expect a lot from their 
tools, but they have also provided perspec-
tive from the fi eld that has helped us create 
instruments that deliver under even the 
most punishing conditions they can dream 
up.”

Testing the Models
 Comparing data from the Nearshore Canyon Experiment is yielding great insight on wave behavior in areas with 
complex bathymetry, and helping modelers get signifi cantly more accurate.  Ultimately, accurate models will provide an 
outstanding tool for planners.
 “We’ve got 25 current meters, but they’ve got 25,000 dots on their maps,” Elgar notes.  “Everybody thinks they know 
the beach, but anyone who wants to operate on the coast wants a good, reliable computer model.  It’s pretty preliminary, but 
I’d say the models have a lot of skill.  They certainly predict rip currents where we see rip currents.”
 That means, someday, using current meters and models, authorities can predict whether their beaches will wash away, 
or whether they need to plan on tripling the dredging budget for their proposed park.  Naval offi cers can look at data from a 
secret sensor in the surf and decide whether to send in a SEAL team.  And surfers will go online and fi gure out whether, that 
day, they’ll get the ride of their lives.

  

   
  

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com

Answering a pressing question for Naval operations planners, Steve Elgar and Britt 
Raubenheimer of the Woods Hole Oceanographic Institution deployed seven SonTek 
acoustic Doppler velocimeters (ADVs) in a 35-foot-wide hole – designed to approximate 
a crater caused by an explosion on the beach – to study the behavior of waves and sand 
in mine-studded landing zones.

AnA sweriiing a pres iising questiiion fffor NNavalll operatiiions plllanners, SS Steve E Elllgar a ddnd B B iiritt



©2007 SonTek/YSI           +1 858 546 8327              Fax +1 858 546 8150           inquiry@sontek.com               www.sontek.com

Application NoteSound Principles. Good Advice.

Stormwater Detention Pond Low-Velocity Measurements
Florida, USA

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

The SonTek/YSI Argonaut-ADV, which uses our ADV technology, 
can precisely measure fl ows from 0.01 to 7.0 ft/s in water as shallow 
as ONE INCH!

The Southwest Florida Water Management District (SWFWMD) 
deployed an Argonaut-ADV in a submerged culvert to monitor 
discharge into a stormwater detention pond. The Argonaut-ADV 
was chosen for this job because it can precisely measure fl ows from 
0.01 to 7.0 ft/s in water as shallow as ONE INCH! During the past 
few months, Southwestern Florida has been experiencing severe 
drought conditions. As a result, there have been little or no detect-
able discharges into the SWFWMD stormwater pond for a signifi cant 
period of time.

After installing the Argonaut-ADV in the inlet culvert, velocity data 
revealed that during the day, small fl ows (about 0.02 to 0.04 ft/s) were 
going into the pond most likely as a result of the stormwater system 
equalizing from normal lake evaporation. When the velocity data 
was plotted with the pond level, it could be seen that during the day 
when the water-level dropped the fastest (due to evaporation), the velocity measured by the Argonaut-ADV would increase 
from 0 ft/s to about 0.03 to 0.04 ft/s. This is a good example of how the Argonaut-ADV can be used to measure extremely 
low fl ows in a hydrologic application.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com
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High-Resolution Field Measurements in Clam Pens
Charleston, South Carolina, USA

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

July, 2002 - The Marine Resources Research Institute in Charleston, South Carolina, is measuring the fl ows of water in clam 
pens, and in the aisles between the pens, using a SonTek/YSI fi eld ADV.

The ADV is used to make high-frequency readings not only of horizontal current velocities, but also the degree of vertical 
mixing.

Measurements from the ADV were taken at up to 13 sampling heights above the bottom to characterize the benthic boundary 
layer conditions, and results indicate a relatively constant direction of vertical fl ow.

When results were compared with a control location (far away from the clam pens), it was discovered that the vertical velocity 
was reduced by half in the aisles between the pens, and by 90 percent within the pens themselves. This is a major consideration 
as the pens will signifi cantly reduce the total food particle fl ux to the clams, and consequently, their growth.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com

SonTek ADV in Clam Pens
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ADV Laboratory Evaluation and Field Deployment in the Benthic 
Boundary Layer by WHOI

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

As part of the Coastal Mixing and Optics Accelerated Research Initiative by the Offi ce of Naval Research, Woods Hole Ocea-
nographic Institute deployed three SonTek/YSI Acoustic Doppler Velocimeters (ADV) south of Martha’s Vineyard on a tripod 
at 70-m depth to measure velocities just 35 cm above the seabed.

Prior to deployment, an extensive laboratory investigation was undertaken to evaluate the performance of the ADV*. Si-
multaneous fl ow measurements were obtained using the ADV and a Laser Doppler Velocimeter (LDV) for a range of fl ow 
conditions. The measured mean fl ows agreed within one 
percent. The difference was attributed to uncertainties 
in vertically aligning the two sensors. direct estimates of 
Reynolds stress were underestimated by only one percent 
by the ADV.

Special characteristics of the fl ow were used to examine 
the effect of sample volume size in turbulence spectra. 
It was found that at relatively low-boundary Reynolds 
numbers, the effect of viscous dissipation was more im-
portant than the effect of the sample volume size. Spatial 
fi ltering is a function of the Kolmogorov microscale (i.e., 
less attenuation at less turbulent fl ows) and is greater in 
the horizontal component than in the vertical. This, com-
bined with the signifi cantly lower noise levels, make the 
vertical component the best candidate for studies of the 
structure of turbulence.

Figure 1. Time series of horizontal velocities (top),
root mean squared velocity (center),
and shear velocity (bottom)
within the benthic boundary layer.

ADV time-series are shown in Figure 1 from the fi rst fi eld deployment in 1996 beginning on August 19, 1996 until Hurricane 
Edouard struck the east coast on September 1, 1996. Data consisted of velocity time-series sampled at 25 Hz for 9.5 minutes 
each hour per instrument. The diurnal tide dominates the mean horizontal velocities, while the relative phase difference in-
dicates rotary fl ow at this depth. The variance of the horizontal fl ow was initially almost constant, but increased in response 
to the approach of Hurricane Edouard. The increase of the mean shear velocity due to the presence of the wave boundary 
layer can be seen just before the hurricane arrives. SonTek/YSI

9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com
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Low-Flow Channel Velocity Profi les with ADV
Denver, Colorado, USA

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Tracy Vermeyen and Tony Wahl of the U.S. Bureau of Reclamation (Denver, Colorado) recently completed a project using a 
SonTek/YSI ADV to obtain detailed velocity profi les in the Rio Grande low-fl ow channel near Socorro, New Mexico.

The ADV probe was installed on a modifi ed 50-pound sounding weight and lowered into the fl ow at several locations in the 
channel. During data collection, the sounding weight was lowered to the bottom and raised in the smallest increment allowed 
by the deployment reel (about 4 cm).

The ADV collected 60 seconds of data at each location within the profi le. Results were excellent -- the 3D velocity data reported 
by the ADV allowed them to correct for the deployment angle of the sounding weight.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com

Figure 1 shows the modifi ed sounding weight with 
the ADV.

Figure 2 is a plot of a typical velocity profi le.
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off the continental shelf and into channels on the deep-ocean 
fl oor, dropping sand, silt, and clay as they go. Over many thou-
sands to millions of years, the channels can become fi lled with 
porous sandstone covered by impermeable mud -- a perfect 

trap for oil and gas 
that seep up from 
below.

Over the past 20 
years, energy com-
panies have with-
drawn significant 
amounts of oil from 
such buried chan-
nels. But they could 
extract even more if 
they understood the 
channels’ internal 
structure.

“If  we could un-
derstand how they 
develop, then we 
would also under-

stand a great deal about what they’re composed of -- the 
distribution of clay, silt, sand, and even gravel that they’re 
built out of,” Mohrig said. With a better understanding of 
porosity and permeability within a channel, companies could 
more accurately determine how much oil is present, where it 
is located, and how quickly it can be withdrawn.

Researchers have been re-creating the formation of submarine 
channels in Mohrig’s Morphodynamics Laboratory using a 
5-meter-square sand table (photo above).

The experiments have yielded results that the collaborators 
call “counterintuitive.” On a map, the sinuous submarine 
channels look like meandering surface rivers. However, they 

Undersea Channels Studied to Aid Oil Recovery
 Nancy Stauffer, Laboratory for Energy and the Environment

(Reprint courtesy of MIT)

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Synopsis

Located in MIT’s Experimental Sedimentology and Geomor-
phology Lab, this study involves the use of SonTek ADVs and 
a SonTek PC-ADP to measure high-velocity data from an 
MIT sedimentation tank. The main objective of this study 
is to maximize 
recovery from 
o i l  and  gas 
wells by under-
standing how 
sediments are 
deposited.

Work in  an 
MIT lab may 
help  energ y 
c o m p a n i e s 
withdraw mil-
lions of addi-
tional barrels 
of oil from be-
neath the sea 
fl oor. Typically, 
companies re-
cover only 30 
to 40 percent of the oil in a given reservoir. Since a single 
reservoir may contain a billion barrels total, increasing that 
“recovery effi ciency” by even one percentage point would 
mean a lot of additional oil.

Toward that end, Assistant Professor David Mohrig of Earth, 
Atmospheric and Planetary Sciences and Carlos Pirmez, a 
research geologist from Shell International Exploration and 
Production Inc., have been examining one type of geological 
formation of interest to industry -- channels fi lled with highly 
permeable and porous sedimentary deposits that extend deep 
below the sea fl oor.

These structures form when sediment-laden currents fl ow 
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exhibit behaviors that are markedly different and -- to us 
surface-dwellers -- totally unexpected.

The behaviors stem from differences in density. Water in a 
river is about a thousand times denser than the fl uid it fl ows 
through -- air. As a result, a fl ow tends to remain confi ned to 
its riverbed, escaping over the banks only rarely. In contrast, 
the current running through a submarine channel may be 
only 10 percent denser than the seawater around it. Thus, the 
current can spill out of its channel more easily and frequently 
than a river might.

That difference explains several unexpected fi ndings. For ex-
ample, at times the bottom of the current sloshes almost all 
the way up the edge of the channel and then back down again. 
And at bends, the current may go straight, pouring up and over 
the bank and dropping its sediment outside the channel -- an 
outcome with important implications for energy companies 
as they plan to drill.

Because of their close and continuing involvement in the sci-
entifi c investigation, the Shell researchers are prepared to put 
the research fi ndings to practical use. “The experiments that 
David is doing have never really been done before, so we’re 
learning new things about how channels are put together,” 
Pirmez said. “We’re getting new ideas, new concepts that may 
change the way we think about the subsurface.”

The result should be improved predictions, reduced uncer-
tainty, and more effi cient recovery from these oil-rich sub-
marine formations.

This research was supported by Shell International Explora-
tion and Production Inc. through the MIT Department of 
Earth, Atmospheric and Planetary Sciences.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com
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Flow Field Mapping Using an ADV

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

This SonTek/YSI Acoustic Doppler Velocimeter (ADV) is 
being used in a laboratory to map the fl ow fi eld around a 
dredge head. 

The ADV measures velocities at up to 25 Hz in a sampling 
volume smaller than 0.25 cubic centimeters, so intricate fl ow 
fi elds can be mapped by physically moving the probe. 

The dye was injected during the experiment as a visual in-
dicator of the fl ow fi eld.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com
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Flume Measurements with MicroADV 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Wuhan, China

A research group from the hydraulic laboratory at Wuhan 
University of Hydraulic and Electric Engineering (Wuhan, 
China) used several SonTek/YSI MicroADV lab systems to 
measure turbulence and mean fl ow over the water column of 
a fl ume. The photo shows the MicroADV probe and its setup 
platform. The research group was particularly interested in 
the measurements close to the bottom, and was very pleased 
with the MicroADV’s performance.

This ADV is being used to study the orbital velocities of a 
wave fi eld within a fl ume. The sensor head is mounted to 
look “sideways”, that is, it is perpendicular to the stem (see 
highlighted box in fi gure). This places the measurement 
volume 5 cm away from the stem, minimizing the potential 
for the vertical velocities to advect the probe wake into the 
measurements.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com
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Hydraulic Modeling of a V-Shaped Fish Screen
Idaho, USA 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

An interesting project using a SonTek/YSI Acoustic Doppler 
Velocimeter (ADV) is being developed at Washington State 
University (WSU) under the direction of Dr. Thanos Papani-
colaou and Research Assistant Adam Maxwell. The purpose of 
this project is to design the fi rst vee-shaped bypass inlet ever 
to be used in conjunction with a rotary-drum fi sh screen.

This structure will be located on the Salmon River near Chal-
lis, Idaho. Consideration must be given to the design of this 
structure such that it will not be detrimental to the fi sh that 
pass through it. To accomplish this, several confi gurations 
need to be studied. There will be four different confi gurations 
with six tests run on each confi guration. Through these tests, 
the ideal placement of the training wall, a structure that di-
vides the fl ow upstream of the bypass, will be determined.

The ADV will be used to determine water velocity immedi-
ately upstream of the rotating drums, which must be 0.4 ft/s 
or less to avoid high mortality rates for the fi sh. These tests 
will be conducted at Albrook Hydraulic Laboratory on the 
campus of WSU using a 45.45% scale model of a “fi shing 
pool” fabricated by the Idaho Department of Fish and Game 
in conjunction with the 
facilities and equipment 
already present at the 
laboratory.

 Figure 1 shows a top view 
of the fi shing pool with the 
ADV ready to take measure-
ments (arrow points to the 
ADV’s probe).

   
  

 Figure 2 shows how data from the ADV was used to map or depict 
velocity isovels within the pool. The graph shows the velocity isovels 
from a top view of a submerged jet coming out of a fi sh passage orifi ce 
to the pool. The jet is asymmetric as the isovels indicate. The maximum 
velocity is attained at the center of the jet.

Figure 3 shows the velocity vector in a 3D view of the fl ume. The length 
of the vectors is analogous to the magnitude of the velocity at different 
points within the pool. This plot indicates the recirculation patterns 
within the pool and provides useful information about the fi sh resting 
areas within the pool.
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Model Basin Wave Studies with ADV
Mississippi, USA 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Each yellow pylon on this walkway (top) supports an individual Acoustic Doppler Velocimeter (ADV). This large-model 
basin at the U.S. Army Corps of Engineers Waterways Experiment Station in Vicksburg, Mississippi, is designed for the study 
of currents generated by a wavefi eld with angled incidence on a model beach (bottom). The ADVs are deployed to synchro-
nously gather data across the wavefi eld through use of RS-485 communication protocol.
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Limnological Studies in Lake Mead
Lake Mead, Nevada, USA 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Since 1990, the U.S. Bureau of Reclamation (USBR) has been conduct-
ing a series of limnological studies on the Las Vegas and Boulder Basins 
in Lake Mead, Nevada, to understand the impacts of urban drainage 
from the Las Vegas Basin on the water quality in the reservoir. These 
studies have been jointly funded by USBR’s Lower Colorado Region 
and the Technical Service Center in Denver, Colorado.

As a part of this study, Tracy Vermeyen, from USBR’s Water Resources 
Research Laboratory, used a SonTek ADV to measure the very small 
infl ows into Lake Mead. The ADV was incorporated into a 23-kg 
(50-lb) sounding weight (Figure 1) for obtaining high resolution 
profi les of horizontal current speed and signal strength. Profi les were collected at select locations, with the ADV lowered 
to the bottom and then raised in 1-m increments with 30-s data bursts of 25 Hz gathered at each level. All operations were 
conducted in real-time.

The ADV’s signal strength data clearly marks the Las Vegas Wash infl ow. Furthermore, signal strength data were in close agree-
ment with the specifi c conductance measurements, which are an independent method used to detect the interfl ow. Figure 
2 shows the signal strength data obtained from six casts taken at different locations throughout Las Vegas Bay. The depth of 
the interfl ows is clearly indicated, and moreover, shows how the interfl ow depth varies with distance traveled into the bay.
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Figure 1. SonTek ADV within sounding weight

Figure 2. ADV signal strength (AMP) collected at several 
limnological sampling sites in Lake Mead
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Low-Flow Studies in Everglades with ADV
Stennis, Mississippi, USA 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

A researcher from the U.S. Geological Survey (USGS) at Stennis, Mississippi prepares tripod-mounted ADVs for a study of 
the extremely low fl ow fi elds of the Florida Everglades. This research has documented subsurface velocity maxima of roughly 
8 mm/s in the vertical structure of the fl ow fi eld (heavy algae growth on the surface inhibits shallow fl ow). This picture was 
graciously provided by Jon Lee of the USGS.
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mixers, and surface mixers.

The ADV used at both WES and Egan Quarry measures three-
dimensional water velocities using a 10-MHz acoustic signal 
that measures fl ow in a 0.25 cm3 sampling point. The ADV 
measures at 25 Hz, or 25 times per second, and can measure 
velocities to +/- 2.5 m/s, and has a velocity resolution of 0.1 
mm/s. Because the ADV measures velocity at a single point, 
the ADV was placed at several different depths to collect a 
complete profi le of water velocities (from top to bottom in 
the water column).

The ADV used in this study was equipped with an internal 
compass and pitch/roll sensor. In the tank tests, these options 
were not used because of the magnetic interference introduced 
by the steel tank, so a mount was built that kept the ADV 
motionless during measurements and allowed the ADV to 
be moved both radially and vertically in the tank between 
measurements. This allowed reliable three-dimensional wa-
ter velocities to be measured at different radial distances and 
water depths in the tank and reported in terms of x, y, and z 
coordinates.

For the Egan Quarry tests, the compass and tilt/roll sensor 
were used and velocities were reported in terms of east-west, 
north-south, and vertical components. The ADV was lowered 
vertically to the desired measurement depth on a moored cable 
from a stationary boat. This allowed three-dimensional water 
velocity measurements to be taken anywhere in the quarry. 
Figure 3 shows water velocity profi les during Test eg973S, 
which were taken 6.1 meters west (top graph) and 32 meters 
west (bottom graph) of the submersible mixer at Egan Quarry 
during the summer of 1997.

   
  

ADV Measures Water Velocity Profi les Induced by Air Diffusers 
and Mixers*

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

An Acoustic Doppler Velocimeter (ADV) was used to collect 
water-velocity profi les in two water bodies during 1995-97. 
The U.S. Geological Survey (USGS) collected the data as part 
of a study with the U.S. Army Corps of Engineers (Corps) 
to aid in the verifi cation and calibration of a 3-dimensional 
hydrodynamic model known as MAC-3D. Pilot-scale tests 
in a large tank, and fi eld-scale tests in a reservoir, were con-
ducted to determine the mixing patterns associated with 
various confi gurations of coarse-bubble air diffusers and 
mechanical mixers.

Figure 1. ADV in WES Test Tank 
Figure 2. ADV at Egan Quarry 

The pilot-scale tests were conducted in a test tank (Figure 
1) at the Corps’ Waterways Experiment Station (WES) in 
Vicksburg, Mississippi, in a cylindrical tank at water depths 
ranging from about 3 to 10 m. Field-scale tests were done 
at Egan Quarry (Figure 2), a 14-m deep lake adjacent to 
the John E. Egan Water Reclamation Plant, operated by the 
Metropolitan Water Reclamation District of Greater Chicago 
(MWRDGC) in Schaumburg, Illinois. The data were collected 
during operation of coarse-bubble air diffusers, submersible 

Figure 1 ADV in WES Test Tank
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*Material for this article is courtesy of Gary P. Johnson of the 
USGS. All data are provisional and subject to revision.
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Figure 3. Velocity Profi les from Egan Quarry
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Fluid Mud Study in Canada’s Petitcodiac River
New Brunswick, Canada 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

As part of a project aimed at understanding the infl uence of high-concentration suspensions of fi ne sediments (fl uid muds) 
on fl ow, researchers from Boston College and the Bedford Institute of Oceanography recently deployed a SonTek Autonomous 
ADV (Hydra) in the Petitcodiac River, New Brunswick, Canada (pictured left).

The Petitcodiac was chosen because of consistently high suspended-sediment concentrations (0.5 to >200 g/L) and large 
tidal range (>4 m) producing strong current velocities (> 1.5 m/s). The Hydra was mounted on a tripod and lowered from 
a bridge into the Petitcodiac River obtaining fl ow and turbulence measurements within fl uid muds and the overlying water 
column.

The Hydra was chosen for its robust confi guration and ability to collect high-frequency (25 Hz) three-dimensional velocity 
data in a remote sampling volume. Additionally, it measures the distance to the boundary, which can be used to monitor 
morphological changes to the bottom. The resulting data set provides an excellent means to test threshold conditions regard-
ing suppression of turbulence by sediment-induced stratifi cation and the carrying capacity of turbulent fl ows.
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Low-Flow Measurement in Water Treatment Settling Basins
San Diego, California, USA 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

The City of San Diego recently used a SonTek Acoustic Dop-
pler Velocimeter (ADV) to evaluate the fl ow fi elds in the 
settling basins at the Otay Water Treatment Facility (Figure 
1). The basins are fairly long, and are designed to pass water 
slowly so fl occulated contaminants have time to settle during 
the water’s transit through the basin.

The City was concerned that too much fl occulated material 
exits the basin without settling, and considered that the basin 
design might be the cause. Because the currents are as low as 
1 cm/s, the ADV’s unique capability to measure in such low 
fl ows made it the perfect choice to investigate this theory.

The ADV was mounted to a pole and suspended from a mov-
able bridge to map the entire fl ow fi eld of the basins (Figure 
2). There is still considerable data analysis to be done, but the 
City is pleased with the ability of the ADV to gather excellent 
data under these conditions.
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Figure 2. ADV on Movable Bridge

Figure 1. Otay Water Treatment Facility 
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Open-Channel Flow Measurements at Water Treatment Facility
China 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

A major municipal water authority in China recently conducted a series of fl ow tests in a large 
treatment facility using a 5-MHz SonTek/YSI ADVOcean. They chose the ADVOcean because 
of its ability to measure precise 3-D currents at a focal point 18 cm from the transducer. The 
ADVOcean’s heavy-duty construction made it ideal for this type of industrial application.

The ADVOcean was mounted on a stainless steel clamp (Figure 1), which was further sup-
ported on a pre-fabricated platform consisting of a trolley and winch system (Figure 2). The 
instrument was then lowered down at the clarifi er outlet open-channel.

After obtaining the velocity profi les of the clarifi er outlet open-channel, the water authority 
evaluated the total open-channel fl ow using the velocity-area method (ISO 748:1997 - Meas-
urement of Liquid Flow in Open Channels -- Velocity-Area Methods). The results were then 
compared with the measurements made by the treatment plant’s inlet dall-type fl owmeter.

The open-channel was subdivided into 15 verticals. Three measurements were made in each 
vertical at depths of 0.2, 0.6, and 0.8 m. 
The fl ow rates derived from the tests 
were 438 Mld (megaliters per day) for 
the ADVOcean and 420 Mld for the 
inlet dall-type fl owmeter. Given the 
dall-type fl owmeter accuracy of 5%, 
this minor difference was considered 
acceptable in open-channel measure-

ments for this fi eld application. Figure 3 shows a fl ow profi le in a cross 
section of the channel.
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Figure 3. Flow Profi le in a Cross Section of Channel

Figure 2. ADVOcean Mounting Platform
at Water Treatment Facility 
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SonTek Technical Notes 
 

6837 Nancy Ridge Dr., Suite A   •   San Diego, CA 92121   •   Phone (858) 546-8327   •    Fax (858) 546-8150   •  Internet: inquiry@sontek.com 

SonWave-PRO:  Directional Wave Data Collection 

1. Overview 
Measurements of directional wave field are often required for a variety of applications including coastal 
engineering and near-shore dynamics, sediment transport and beach erosion, waste dispersal and pollution 
studies.  In the past, specially designed equipment was often used to provide wave data, which often 
required cumbersome installation (capacitance wire gages), raised integration and data storage concerns 
(distributed pressure arrays), and amounted to significant costs (surface buoys).  Earlier pressure-velocity 
(PUV) systems, while offering simplified deployments, lacked the accuracy  required for robust operation.  
(due to electromagnetic and travel time velocity sensor drift, fouling, etc.)  

Recently introduced ADCP-based beam systems are reported to be capable of gathering directional wave 
data.  In this technique, velocity measurements are taken at locations that are separated in space by tens or 
hundreds of millions (Figure 1).  The beam separation also limits the minimum wavelengths that can be 
resolved.  ADCP-based systems or beam separation may also affect velocity data, especially if currents 
near the surface are spatially inhomogeneous.  The Nyquist limit on wavelengths is that an array can 
resolve waves no shorter than twice the spacing between the adjacent measurement points.  Most profilers 
have an off-vertical angle of 20-30 degrees, which means that a profiler deployed 50 m deep will create an 
array with measurement points a minimum of 73-115 m apart, making the minimum measurable 
wavelength 146-230 m.  For reference, ten-second waves have wavelengths of 150 m.  

This approach also relies on acoustic surface detection for wave height measurements, which may be 
tricky at best due to several factors.  First, limited sampling bandwidth of the raw acoustic backscatter 
restricts the range resolution [Zedel, 1994, Polonichko, 1998].  This is especially pronounced in long-
range systems.  Second, the broadband (coded) pulses are not best suited for the task of surface detection 
[Zedel, 1994, Trevorrow, 1998].  Hence, use of separate narrowband pings may be required and which 

 

Wave length ↔
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Figure 1: Deployment configuration and limitations of an ADCP-based beam system: Left: spatial beam 
divergence limits the minimum wave length that can be unambiguously resolved (the Nyquist limit). Right:  
beam spreading and side-lobe interference effects on data collection near a boundary.  False surface is 
detected when the sidelobe return Aside exceeds the main lobe signal Amain. 
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will decreasethe velocity sampling rate.  Last, changes in the density of the water column (e.g. a 
thermocline) will affect the speed of sound, and therefore the associated level measurement.   

In addition, the fact that the beams intersect the surface at an angle may produce significant signal 
reflections from the beam sidelobes (Figure 1, right) and therefore result in erroneous range to surface and 
contaminated velocity data near the surface (normally ~10% of the depth).  

To compute wave directional spectra, the beam technique uses recently introduced experimental 
processing algorithms.  Because of complexity, this processing may be difficult to debug.  Although it can 
provide better angular resolution than the Parametric Spectral Method, described below, the beam 
technique relies upon the Maximum Likelihood Estimator (MLM).  This estimator essentially acts as a 
spatial filter that rejects as much of the observed input as possible while passing a certain prescribed input 
un-attenuated  [Davis and Regier, 1977].  This may explain why the MLM results tend to produce bi-
directional distributions and the estimator often needs to be initialized with an independently measured 
wave distribution to produce robust results.   

The advent of high accuracy acoustic Doppler sensors, such as the SonTek ADV Ocean, allowed velocity 
measurements in the oceanic environments with high temporal resolution and laboratory precision.  
Supplemented by high accuracy pressure sensors, these systems have been used extensively for directional 
wave measurements and are often employed as a reference to verify array and other custom systems.  

Expanding on this capability, the SonTek SONWAVE-PRO wave data collection package allows users of 
the Acoustic Doppler Profilers, PC-ADPs, ADV Oceans, and the Triton wave/current/tide gauge to gather 
wave data (including the wave-frequency spectra, significant wave height, wave direction and wave peak 
period) with a single instrument using proven acoustic Doppler technology.  The advantages presented 
here are:  

•= The data are gathered synchronously with the velocity and other measurements;  

•= No external hardware and/or wiring are required; deployment logistics are more simplified and 
costs are reduced;  

•= The wave-specific signal processing, based on the Parametric Spectral Method, is included;   

•= This processing requires very few additional assumptions and provides a stable solution, 
regardless of flow conditions;   

•= The analysis is fairly straightforward and can be easily checked;   

Because PSM is essentially a first order technique, SonWave predicts very accurately the first order wave 
statistics: wave height, the peak period, the mean direction and spreading.  This is sufficient for most of 
the engineering and monitoring applications.  If higher order solutions are required, SonWave-Pro 
provides the user with a complete set of the raw data in either ASCII or Matlab format for further custom 
processing.  

2. SonWave Measurement Technique 
The SONWAVE technique relies on the high precision burst measurements of hydrostatic pressure (P) and 
horizontal water velocity (UV) to compute wave parameters using the Parametric Spectral Method (PSM).  
Velocity is measured with high accuracy, at a single location just above the instrument (Figure 2) at up to  
4 Hz rates (Hydra and ADP).  The PC-ADP is generally limited to a maximum data rate of 2 Hz because 
wave data is gathered over the entire profile rather than at a single point.  

SonTek ADPs use state-of-the-art digital incoherent processing for measurement of velocity profiles.  
Although this technique works well for measuring mean currents, it can not produce velocity data with 
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sufficient accuracy and time resolution required for directional wave analyses.  Instead, an ADP 
configured for directional waves, uses a Doppler technique known as “Pulse Coherent Processing” to 
measure bursts of velocity at short range.  This is the same highly accurate technique that was originally 
implemented in the SonTek Acoustic Doppler Velocimeter (ADV) [Cabrera and Lohrmann, 1993, Kraus, 
1994],  the Hydra [Gelfenbaum et al, 2000,  Sherwood et al, 2000] and PC-ADP systems [Polonichko et al 
1999]. 

By confining the range to a single, nearby cell, the ADP can easily obtain required velocity measurements 
using the highly accurate pulse-coherent technology [Zedel et al. 1996] employed in the Hydras and the 
PC-ADPs.  A typical sampling strategy for an ADP, equipped for directional wave measurements, might 
be a five-minute measurement of the velocity profile every 30 minutes with bursts of the pressure and 
short-range velocity measurements interspersed every 4 profiles (2 hours). 

3. Directional Wave Signal Processing 
Below we describe basic principles that are used by SONWAVE-PRO for computing wave parameters from 
a pressure-velocity  time-series.   

3.1. Surface Gravity Waves  
Surface gravity waves are characterized by the directional wave spectrum, which is commonly expressed 
as a composition of the frequency spectrum S(f) and directional spreading D(f,°): 

),()(),( θθ fDfSfS = . (1) 

where D(f,°) satisfies the following norm: 

mean surface

Wave length ↔
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Figure 2:  Typical setup for pressure velocity wave measurements with an ADP.  
In addition to the mean profile data, the wave velocity is measured in a single cell 
just above the sensor head.  In spite of the wave signal decay with depth, a 
modern pressure sensor is capable of detecting 8-s waves in 50-m of water.   
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The frequency spectrum is normally derived for the time-series of surface elevation (gathered with either 
the pressure sensor or range to surface), while the directional spreading is computed using the pressure-
velocity data.   

A wave of amplitude A and frequency ∂ propagating in the x direction induces hydrostatic pressure 
perturbations, which decay with depth as  
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and a corresponding velocity field  

)](sin),([cos
sinh

)(cosh)],(),,([ txktxk
kH

HzkAzvzu ωωωωω −−+= . (4) 

Hence, measurements need to be corrected for the depth decay to arrive at a correct estimate of the surface 
elevation.  For example, the pressure signal from a 10-s wave is reduced by almost 40% when it reaches a 
sensor at 20-m depth.  In addition, whether these pressure variations can ever be detected by a sensor 
depends on the wave amplitude and water depth in relation to the wavelength (Eq.2).  It is difficult, if not 
impossible, to measure high-frequency waves of low amplitudes from deeply deployed sensors.   

The SONWAVE package uses the hydrostatic pressure and water density to compute the height of the water 
column above the instrument.  Water density is computed from the measured ambient temperature and 
user-specified salinity.  Mean sensor depth is removed from the data, and the wave-frequency spectra are 
estimated using standard methods appropriate to simple linear theory.  This includes segmentation of the 
data into 256-sample segments with at least 128-samples overlap between consecutive segments; 
windowing of each segment with constant energy correction and adjustment for sensor/water depth using 
a generalized first order dispersion relationship for surface waves: 

∂ ↓ ↔Ζ Ζg k kH ktanh , /2 . (5) 

3.1.1. Accounting for Mean Current  
In the presence of strong ambient currents U, the general wave dispersion relation (Eq.4) needs to be 
modified to account for the Doppler shift in the frequency of the waves propagating through a moving 
medium: 

αω costanh kUkHkg += , (6) 

where U is the current magnitude and α is the angle between the wave and the current direction.  This 
correction becomes significant when the Doppler term is comparable with the general dispersion term in 
(Eq. 4).  Therefore the criterion for taking the mean current into  account is   

kH
k
gU tanh14.0cos ≥α . (7) 



SonTek 

SonWave-PRO:  Directional Wave Data Collection(March 2001) 5

3.2. Parametric Spectral Method  
To estimate wave directional distribution D(f,°), we at SonTek employ the Parametric Spectral Method 
(PSM) as initially described by Longuet-Higgins et al. [1963] for a wave buoy and generalized to a 
generic 3-component sensor by many others (see Grosskopf, [1992] for more detail).   

In the PSM description, the wave directional function D(f,°) is expanded into its Fourier equivalent with 
the amplitudes of the Fourier coefficients determined from auto-spectra and co-spectra of the pressure and 
velocity time series.  In general, the first five Fourier coefficients are taken to adequately represent the 
wave field, and are: 
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Where Sii is the auto-spectrum of variable i, and Sij is the co-spectrum of variable i with variable j.  Ru and 
Rp are normalization factors to correct for the known decay of pressure and wave orbital velocities with 
depth, and are also used in the standard linearized form: 
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)(cosh +=  (9) 

These corrections for depth define the depths to which the pressure and velocity time series can be 
expected to penetrate for a given wave frequency.  For example, the pressure signal from a 10-s wave is 
reduced by more than 95% when it reaches a sensor at 75-m depth.  The actual amplitudes that can be 
measured at depth depend on their surface amplitudes in addition to their frequency, so it is difficult to 
determine a precise relationship between a wave’s period and the depth to which it can be measured.  As a 
general rule of thumb, an instrument deployed at depths of up to 20 m can reasonably be expected to 
detect waves of five seconds or longer.  In the rare event that shorter wave periods are of interest, the 
instrument must be deployed at a shallower depth.   

3.3. Other processing Techniques  
The Parametric Spectral method described above is a proven technique that has been used extensively for 
the past several decades.  PSM requires very few assumptions and provides a stable solution, regardless of 
flow and wave conditions.  The analysis is straightforward and can be easily checked.  Because this is 
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essentially a first order technique, the PSM predicts very accurately the first order wave statistic: the 
significant wave height, peak period, mean direction and spreading.  This is sufficient for most 
engineering and monitoring applications.   

If a higher order solution is required, the PSM processing can be augmented by a choice of an 
autoregressive (Bayesian) technique such as the Maximum Entropy Principle (MEP) or Extended 
Maximum Entropy Principle (EMEP) [Hashimoto, 1988].  SonWave-Pro provides the user with a 
complete set of the raw data in ether ASCII or Matlab format for further custom processing.  

4. Experimental Verification 
To verify performance of the SonWave directional wave capability, two separate deployments were 
conducted off Scripps Pier San Diego in November 1999 and November 2000.  The first deployment was 
with a PC-ADP and an ADV Ocean (Hydra) during which a few bursts of data were collected.  The 
second test lasted for about a week where a standard ADP equipped with SonWave-Pro was deployed 
along with a Hydra system.  The main purpose of the first test was to verify the pulse coherent profiling 
accuracy, while the second test was intended for wave data collection in the near-shore.   

During the first deployment, both systems were mounted on a frame at about 1.20m above the sea bed.  
Moderate wave conditions were encountered with the wave orbital velocities in excess of 120 cm/s.  
Detailed description of the PC-ADP data is given by Polonichko et al. [2000] and Polonichko and 
Cabrera, [2000].   

In the second test, a 1.5 MHz ADP and the ADV Ocean were deployed on the bottom as shown in Figure 
3  The ADVO was equipped with a 20-m resonance crystal pressure transducer (RPT), which has 0.01% 
accuracy and better than 10-6  stability.  The system was programmed  to collect  a 17-min long time series 
at 2-Hz twice each hour.  The ADP was set to collect 5-minute mean current measurements followed by a 
17-minute burst pressure-velocity series gathered at 2 Hz.   

The ADP wave sampling cell was set at 20cm 
above the instrument.  The coherent pulse had a 
lag of 0.5m, which in combination with a 15-cm 
long cell delivered a mm/s velocity precision at 2 
Hz (refer to SonTek PC-ADP Principles of 
Operations for a detailed description of the pulse-
coherent Doppler processing).  The ADP was 
outfitted with basic strain gage pressure sensor 
(1% accuracy), which had a 100-m full scale 
mainly due to sensor availability. 

The CPU clocks of the two instruments were 
synchronized to within 1-s and subsequently the 
time  series were re-aligned by 2 samples (1-s) 
using the pressure gradient, which occurred when 
both instruments entered the water.  Both systems 
were oriented such that their X-axes were aligned 
to within 3° in order to simplify subsequent 
comparison of the data regardless of the compass 
orientation.   

The wave conditions were weak to moderate with 
the significant wave height ranging from 60 to 

 

ADVO

ADP

 

Figure 3: Test deployment configuration.  The ADV 
Ocean and the ADP were set such that their 
sampling volumes were located at the same level.  
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140 cm, with orbital wave velocities reaching 100 cm/s, and the water depth varying between 4 and 7 m 
due to tides.   

4.1. Velocity Comparison 
To measure velocity, the SonTek Hydra system employs the Acoustic Doppler Velocimeter 
(ADVOCEAN), which features laboratory level precision [Kraus et al, 1994, Nikora and Goring, 1998] 
and hence serves as an excellent tool for wave velocity measurements [Sherwood et al, 2000, Gelfenbaum 
et al, 2000].  An ADV samples three velocity components in a single location (sampling volume), which is 
located approximately 18-cm above the probe tip (Figure 3).  Internally, an ADV samples velocity at a 
very high rate (between 150 and 200 Hz); since all three velocity components are measured in the same 
location, no assumptions of flow homogeneity are required.  

Comparison of the on-shore velocity time series (Figure 4, left) shows excellent agreement between the 
ADP and Hydra data.  This is quite remarkable, given the facts that the two sampling volumes are of 
different size and that ADP samples velocity over locations that are 0.5 m apart.  Comparing the spectra 
for the same data segment (Figure 4, right), we see that both instruments resolve waves, up to 4-s (0.25 
Hz), with the ADP spectrum hitting the noise floor at approximately 0.32 Hz.  The ADV spectrum is valid 
to about 0.48 Hz (2-s waves) which is expected due to faster sampling and a smaller sampling volume.  To 
conclude, these tests verify that the ADP operating in pulse coherent mode can sample velocity accurately 
enough to resolve 4-s waves in 7.5 m of water.  Note, the velocity data presented above were collected at 
the beginning of the deployment when the significant wave period was the lowest.  Performing the same 
comparison for a more energetic period (burst 110 on November 22, Hs~140 cm), we find that the ADP 
frequency response does not change significantly, although the spectral energy level is increased.  We can 
therefore conclude, that the limiting factor in the ADP spectral resolution is beam spreading rather than 
sampling accuracy.   

The high resolution velocity data collected with the PC-ADP during the November 1999 test allow 
verification of another important aspect of the wave phenomena: wave energy depth decay.  That is 
demonstrated to great effect in Figure 5, which displays the wave velocity spectra for each horizontal layer 
measured by the PC-ADP and directly shows the expected decay rate, consistent with the linear theory.  

 

0 50 100 150
-30

-20

-10

0

10

20

30

40
ADVO  
ADP

Time (s)

Ve
lo

ci
ty

 (c
m

/s
)

     
0 0.2 0.4 0.6 0.8 1

10-2

100

102

104

ADVO
ADP 

Frequency (Hz)

Sp
ec

tra
l d

en
si

ty

 
Figure 4: ADVO velocity comparison.  Left, velocity time series show excellent agreement between the 
ADP and ADVO.  The corresponding spectra (right) show that the ADP resolves waves down to 0.33 Hz 
(3-s) scales, while the ADVO cut off is at ~0.45 Hz.  Mean depth was 7.5 m and Hs=62 cm. 
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Figure 5: PC-ADP velocity spectra computed at different depths shows 
wave energy depth decay, consistent with linear theory.  Wave 
attenuation is especially pronounced at frequencies above 0.2 Hz, with 
the energy at the peak (0.1 Hz) almost unchanged. 

 
4.2. Wave Height Comparison 
To verify the pressure sensor response to wave forcing, we compare the data collected by the ADVO, the 
ADP, and independent measurements collected as part of the ongoing wave monitoring at Scripps Pier 
(the data are commonly available via the Scripps WWW).  The Scripps station uses a digiquart pressure 
sensor placed at approximately 7-m depth, which has accuracy and stability specifications similar to the 
RPT.   

Comparing the ADVO and the ADP pressure time series (Figure 6, left), we find that while the two are in 
general agreement, the ADP record displays the quantizaton signature due to the fact that a 100-m sensor 
was deployed in 7-m of water.  However, comparison of the corresponding spectra (Figure 6, right) shows 
that even the 100-m sensor is capable of detecting the wave signal down to 3-s (0.3 Hz) scales.  The RPT 
sensor offers better frequency response with a cut-off at about 0.45 Hz, which is close to the velocity 
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Figure 6: Comparison of the pressure time series (left) and spectra (right) collected with a strain-gage 
and a high-resolution resonant crystal sensor (RPT).  Both sensors successfully resolve 3-s waves, while 
the much more accurate RPT gage offers better response, as expected.   
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spectral cut-off of the ADVO.   

We conclude that both sensors do a good job at resolving the waves of interest, with  the RPT sensor 
providing a better match to the ADVO velocity resolution capability.   

To verify the wave height measurements, we compute the significant wave height Hmo.  A generally 
accepted estimate of the significant wave height can be easily obtained from the spectral amplitudes using: 

24 σ=moH ,  (10) 

where σ is the total energy defined as  

=

=σ
10

1

22 )(
i

iA AEnergyTotal  (11) 

We further compare the significant wave height computed by SONWAVE-PRO with the independent 
measurements collected by the Scripps monitoring program.  As seen from Figure 7 the SonWave data are 
in excellent agreement with the Scripps estimates in a variety of wave conditions ranging form fairly calm 
at the beginning of the test # (Hs=60 cm) to moderate on November 23 (Hs~140 cm/s).   

4.3. Wave Directional Distribution 
Unfortunately, the wave-monitoring program at Scripps does not include directional information.  Because 
the shoreline orientation at this location, a generally eastward wave direction is observed.  Example stet 
the wave directional energy distribution as a function frequency (Figure 8) shows waves propagating east 
with most of the wave energy is concentrated at approximately 0.15 Hz.  

The data presented in Figure 9 give an example of other wave phenomena that can be analyzed with  
SONWAVE.  The velocity spectra calculated from the ADP wave data are plotted with the mean tidal series 
to show clearly that the tides are modulating the wave field.  As the tide flows, the effective instrument 
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Figure 7:  Comparison of wave height as measured by SONWAVE-PRO with the 
public record of wave height from Scripps Institution of Oceanography.  The two 
estimates are in good agreement, on spite of the vast difference in sensor 
resolutions.    
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depth (the height above the measurement point) increases, hence resulting in a greater wave energy 
attenuation at higher frequencies.  At low tides the attenuation is decreased, and shorter waves (higher 
frequency components) are detected by the ADP.   

The bottom plot in Figure 9 displays the mean wave directional distribution as a function of time, which 
also shows dependence on the tide.  Comparison of these data with the wave activity (significant wave 
height, top plot in Figure 9) reveals the broadening of the wave directional distribution when the wave 
activity is increased on November 23 and 26.  This is a commonly observed feature of the near-shore wave 
dynamics.  

5. Conclusions 
The SONWAVE-PRO directional wave data collection package offers a turnkey solution to the wave 
monitoring requirements in near-shore applications.  Provides key wave parameters such as the wave 
height period and directional energy distribution without requiring additional computations.  This 
information is collected along with our well-respected current measurements using the same simple, 
turnkey system.  The performance of the system has been experimentally verified and field tests show that 
an ADP equipped for wave data collection can resolve waves down to 3-s, and the measurements agree 
remarkably well with that of an ADV.  The tests also confirmed that a modern pressure sensor is capable 
of capturing the wave scales of interest and that wave height computations agree well with independent 
measurements.  For additional information, please contact SonTek. 
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Figure 8:  Distribution of the wave energy as a function of 
direction and frequency showing predominately eastward wave 
propagation consistent with geographic observations. 
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Figure 9: Time evolution of the ADP velocity spectra show (middle plot) 
modulation of wave energy that is consistent with the tidal record (white line).  
The bottom plot displays mean wave directional distribution as a function of 
tine.  It shows dependence on tide as well as directional broadening coinciding 
with the high wave activity. 
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Low-Flow Laboratory Studies with ADV
Mississippi, USA 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

These photographs show how an Acoustic Doppler Velocimeter (ADV) was used to collect data in low-fl ow studies around 
vegetation in a laboratory setting at the Stennis Space Center in Mississippi.

   
  

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com
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Surf Zone Studies with ADV
San Diego, California, USA 

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Researchers from Scripps Institution of Oceanography prepare an ADV for measurements in the surf zone of a local San 
Diego beach. The ADV was deployed at low tide and left in place to study the near-bed velocities in the surf and swash zones 
with the changing tides. The ADV’s sensor head is highlighted in the box to the left.

   
  

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
Web: www.ysi.com
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Innovative Study Quantifi es Overland Flow in Mississippi Delta
 Data can help direct wetland rebuilding efforts

SonTek/YSI, founded in 1992 and advancing environmental science in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, rivers, lakes, harbors, estuaries, and laboratories.  Headquarters 
are located in San Diego, California. 

Subsiding and choked off from the Mississippi River, 
southeastern Louisiana’s coastal marshlands have steadily 
sunk and become more saline.  According to U.S. Geological 
Survey (USGS) data from 1990 to 2000, Louisiana is losing 
24 square miles (62 square kilometers) of wetlands per 
year – wetlands that are nurseries of coastal fi sheries and, 
as Hurricanes Katrina and Rita illustrated in 2004, can help 
absorb the brunt of storms blowing in from the Gulf of 
Mexico.  Recognizing the 
danger of continued 
wetland degradation and 
loss, state and federal 
offi cials are seeking ways 
to rebuild Louisiana’s 
threatened wetlands.

The U.S. Army Corps of 
Engineers’ Caernarvon 
Freshwater Diversion, south 
of New Orleans, La., is 
being studied as a possible 
resource for helping restore 
wetlands above Breton 
Sound.  Opened in 1991, 
the diversion was designed 
to direct controlled releases 
of Mississippi River water 
through its levee to help 
manage rising salinity in the sound.  Managers are eager to 
explore whether the diversion can be managed to also deliver 
sediments for rebuilding the wetlands and offset the relative 
sea level rise that the marsh complex has been experiencing.

The diversion was designed to handle discharges of up to 
225 cubic meters per second (m3/s).  The Corps typically 
operates the diversion at a much lower volume, releasing an 
average of 113 m3/s, with little or no release in late summer 
and autumn.  In conjunction with a study that ran from 
January 2002 to January 2004, releases were increased at key 
times to 184 m3/s in pulses lasting for two weeks.  

A research team made up of three co-investigators – Dr. Jaye 

Cable and Mr. Erick Swenson of Louisiana State University 
and Dr. Christopher Swarzenski of the USGS Louisiana 
Water Science Center in Baton Rouge – as well as Ph.D 
candidate Gregg Snedden, worked together on a study of the 
effects of the pulses funded by the Louisiana Department of 
Natural Resources and supplemented by grants from the U.S. 
Environmental Protection Agency and the U.S. Department 
of Agriculture.

With access to the land and 
private boat launches of the 
Delacroix Corporation and the 
assistance of Michael Benge, 
Michael Farizo and Donald 
Ansardi, the team studied the 
composition and movement of 
the discharge pulses.  Their work 
offered lawmakers and river 
managers data on how much 
sediment is carried through 
various routes within the wetland 
system, and how much is likely 
to be deposited in the marshes 
or transported down the bayous 
and larger channels.  

“We’re trying to get the science to 
identify the impacts for someone 

who makes a political decision,” notes Swenson.  “We’re 
supplying data to help make a better management decision 
and so they understand the impacts, good and bad.”

Quantity and Quality

The research team set out to measure the quantity and 
quality of water traveling through two main channel routes, 
as well as across the wetlands themselves.  Shallow, slow-
moving systems may lack the drama of fast-moving water, 
but measuring them can be just as challenging.

“In wetland restoration, you’d often hear, ‘the current is too 
strong; it’s eroding the marsh,’” Swenson notes.  “We were 
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Gregg Snedden of Louisiana State University readies an acoustic Doppler 
Velocimeter (ADV) to measure the fl ow of water across the surface of a 

Louisiana marsh.
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battery replacement and other fi eld maintenance.

The continuous monitoring equipment provided a wealth 
of data, Swenson notes.  “We took a 5-minute average every 
15 minutes and averaged those out to hourly means,” he 
says.  “The Argonaut SLs also allowed us to look at what was 
changing across the channel. We could get directional fl ow 
data from 16 to 20 meters away – that was at least halfway 
across the channels we were studying, so we could see 
differences in velocity between the edges and the middle of 
the channel.”

A hand-held ADV allowed the crew to skim across the 
wetlands during discharge pulses to hand-sample fl ows from 
an airboat.  The LSU team also employed a boat-mounted 
SonTek RiverCat mini-ADP to conduct cross-channel 
transects at four depths.  Data from the transects, rated 
against synoptic data from the USGS, allowed Swenson and 
his colleagues to develop rating curves that in turn let them 
generate accurate discharge fi gures from their fi xed ADVs.  
Understanding fl ows in the channel and combining that with 
their data on overland fl ow opened a new window to better 
understanding the local wetland system.
Kevin Labbé, a SonTek/YSI representative based in Baton 

Rouge, says the study design refl ects Swenson’s creative 
approach to fi eldwork.  “Erick is really sharp, and he has a 
great imagination,” Labbé says.  “He and his team found ways 
to track and quantify fl ow that was normally disregarded, but 
that answers some important questions about the system.  
It’s very admirable.”

often asked if we could measure it.  But until fairly recently, 
it was impossible

“We’d tried for years to get these measurements, but when 
down there in less than fi ve centimeters of water, in the grass 
and vegetation, it was very diffi cult,” he explains.  Marsh 
grasses quickly fouled rotors.  Dye plumes provided just a 
snapshot.  Electromagnetic sensors encountered interference 
from plants and the shallow bottom.  Not until acoustic 
Doppler velocimeters (ADVs®) offered the opportunity for 
three-dimensional measurement of velocity – without bias 
all the way down to zero – could researchers like Swenson get 
an accurate picture of the ebb and fl ow of water in the subtle, 
confusing, meandering environment of shallow wetlands.

The USGS had four current and quality monitoring stations 
in the two main channel routes between the Caernarvon 
Diversion and Breton Sound to measure the high-volume 
fl ows that fed the marsh system.  In the wetlands, LSU deployed 
three SonTek® Argonaut® ADVs and YSI 6920 sondes 
equipped to conduct continuous, unattended monitoring of 
conductivity, temperature, and depth.  Each Argonaut has 
three sensors to measure direction and velocity; Swenson 
and his colleagues set one at mud level, one 10 cm above 
the bottom, and the third at 20 cm above the bottom.  A YSI 
600OMS (Optical Monitoring System) was used to sample 
river water turbidity in the outfl ow channel.   The team also 
took monthly grab samples back to the lab to analyze for 
total suspended solids (TSS), which allowed Swenson and 
his colleagues to conduct monthly data downloads, cleaning, 
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A fl ume built for a study on nutrient uptake shelters three ADVs that 
LSU scientists used to study the movement of water and sediment 

through Loioisiana;’s Caernarvon Diversion.  Pulse-coherent technology 
offers highly accurate readings even in extremely shallow or slow-moving 

water.

This LSU station utilized an Argonaut ADV, a YSI 6920 sonde, and a YSI 
6000 OMS optical monitoring system to gather data on fl ow and water 
quality.  The data are invaluable tools as hydrologists and policymakers 
discuss how to better manage Louisiana’s shrinking wetlands.
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Chris Ward, global business manager for SonTek, adds that 
Swenson and his colleagues put ADV technology through 
rigorous paces.  “Work in slow, shallow conditions like those 
that Erick explored demand a lot from sensors,” Ward notes.  
“Pulse-coherent technology opened up new opportunities 
for understanding the complex movements in those systems.  
Being able to continuously sample upstream, cross-stream 
and vertical motion is extremely informative, and researchers 
need reliable data in all those dimensions – and not just 
plus and minus, but all the way down to zero.  Our mission 
is to make sure they have the tools that perform in their 
environments.”

A True Field Instrument

With all of the 
different challenges 
at hand – for long-
term deployments, 
hand-held and 
b o a t - m o u n t e d 
instruments and 
highly variable 
conditions – choosing 
the best instrument 
for the job can be a 
challenge all its own.

Swenson points 
out that he and his 
lab have had a long 
history with SonTek 
and YSI, and have 
strong relationships 
with the company’s 
Baton Rouge-based 
support team.  Durability was also a factor, especially for the 
unattended monitoring sites.  “We had used Argonaut SLs in 
the fi eld, so we were comfortable with the instruments and 
the software,” he notes.  “We wanted the low fl ow capability, 
the ability to work in shallow water, and the reliability.  The 
Argonauts included compass data, which meant we could 
use them in any orientation; even if the instrument was 
hanging from a mooring in some other study, we could 
still get directional data.  And they’re pretty rugged – real 
fi eld instruments, with solid stainless steel shafts and tough 
construction.”

The durability of their equipment was tested to the extreme 
when Hurricane Katrina blasted across Breton Sound in 

Olympus Tunnel

August 2005.  A year later, Swenson and his team were 
traveling through the test area on an airboat when they came 
across one of their YSI sondes, still mounted on its PVC 
pipe but buried in debris from the storm.  “The pressure 
sensors were ruined when water ran down the pipe, but it 
didn’t lose the data,” he says.

Answering Questions
 
Swenson says the data he and his colleagues collected 
broadened the understanding of pulsed releases through 
the Caernarvon Diversion.
 
Turbidity levels in the Mississippi River vary widely 
depending on the season.  Using a regression equation 
ground-truthed by lab analysis of grab samples (TSS 
(mg/L-1) = 0.89 x Turbidity + 6.40), Swenson’s team 
converted TSS data from NTUs to concentration.  The 
team charted turbidity swings that ranged from an 
average monthly total of 15 mg/L in September to 130 
mg/L in February.  Correspondingly, 88 percent of the 
annual sediment delivery through the diversion occurred 
between December and March.  Swenson’s team also noted 
a hysteresis infl uence, observing that pulses during river 
fl ood events – especially rising limbs of fl ood events – 
delivered more sediment than pulses that occurred when 
the river was low.
 
The LSU team also found that fl ows of 100 to 125 m3/s 
could be accommodated by the two channel routes to the 
sound, but as volumes exceeded those levels, approximately 
40 percent moved in pulses that traveled as sheet fl ow 
across the marsh, entering channels or the sound farther 

Slow-moving systems have long been a 
challenge to study.  ADVs allow researchers to 
collect data on three-dimensional movement.

A boat-mounted ADV allowed Erick Swenson and his colleagues to conduct 
cross-channel transects at four depths, exploring differences in water 
movement at four depths and across channels.  The team developed rating 
curves using the transect data and USGS synoptic data.  
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downstream.  Traveling at 1 to 5 cm/s, the overland fl ow 
deposited 100 percent of its sediment in the wetlands, 
contributing the vital element of protecting and restoring 
the marsh.

However, the pulses during the study period did not deliver 
nearly enough sediment to counter the rise in relative sea 
level in the wetlands.  The diversions delivered approximately 
360,000 metric tons of sediment for each of the two years of 
the study period – enough to add about 0.5 mm of sediment 
to the surface.  However, relative sea level in the upper estuary 
is rising at approximately 3.5 mm per year.  

For the Caernarvon Diversion to stem or reverse the loss 
of the wetlands above Breton Sound, Swenson points out, 
engineers would probably need to modify the structure so 
it could convey sediment more effectively.  Duration, timing 
and frequency would also need to be optimized carefully.  
Swenson’s study could be an important guide to that 
process.

The challenge is that increased pulses, especially in the 
winter – when they would increase sediment most effectively 
– could also increase nutrient delivery to the area, increasing 
eutrophication and threatening the sound’s commercial 
shellfi sh industry.

Those options will surely be debated in the years to come, 
with the help of data from Swenson and his team, and their 
co-investigators at USGS.  “It’s about how to get science into 
the decision, and how you can explain the science so it’s 
something they can use,” he says.  “Now they know what’s 
coming out of the diversion.”

SonTek/YSI, founded in 1992 and advancing environmental science 
in over 100 countries, manufactures affordable, reliable acoustic 
Doppler instrumentation for water velocity measurement in oceans, 
rivers, lakes, harbors, estuaries, and laboratories.  SonTek/YSI is 
headquartered in San Diego, California, and is part of YSI Inc., 
an employee owned company that provides monitoring and data 
collection instrumentation to global water quality, water quantity, 
and aquaculture markets. Additional information can be found at 
www.sontek.com, or email sontek directly at inquiry@sontek.com.

SonTek/YSI
9940 Summers Ridge Road
San Diego, CA 92121
Tel: +1 858 546 8327
Fax: +1 858 546 8150
Email: inquiry@sontek.com
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