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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  
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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. 

  

6. References 
Cabrera, R., and A. Lohrmann:  Small scale laboratory flow measurements with the ADV-1.  Proceedings 

from Oceans '93, II, pp. 404-407, 1994. 

Davis, R. and L., A. Regier,  “Methods for estimating directional wave spectra from multi-element arrays’.  
Journal of Marine Research,  pp 453-477. 1977. 

Gelfenbaum, G., C.R. Sherwood, L.A. Kerr, and K. Kurrus:  Grays Harbor wave refraction Experiment.  
USGS open-file report, 2000.   

Grosskopf, W.G, G.A. Aubrey, M.G. Mattie, and M.M Mathiesen:  Field intercomparison of nearshore 
directional wave sensors.  IEEE J. of Ocean Engineering, OE-8, No 4, pp 254-271, 1983. 

Kraus, N. C., A. Lohrmann, and R. Cabrera:  New acoustic meter for measuring 3D laboratory flows.  J. 
Hydraul. Eng., Vol. 120, pp. 406-412, 1994. 

Longuet-Higgins, M., D. Cartwright and N. Smith, “Observations of the Directional Spectrum of Sea 
Waves Using the Motions of a Floating Buoy”  in Ocean Wave Spectra.  Englewood Cliffs, NJ: 
Prentice-Hall, pp. 111-132, 1963. 

Nikora, V. I., and D. G. Goring:  ADV measurements of turbulence: can we improve their interpretation?  
Journal of Hydraulic Engineering, Vol. 124, No. 6, pp. 630-634, June, 1998. 



SonTek 

SonWave-PRO:  Directional Wave Data Collection(March 2001) 12

Nye, T., T. Yamamoto, and M. Trevorrow:  Measurements of the directional spectra of shallow water 
waves using the maximum entropy  principle and a single ocean bottom seismometer,  J. of Atmos. 
and Oceanic Research, 7, pp 781-791, 1990. 

Polonichko, V. and R. Cabrera, “Measuring Wave Direction and Currents Using a Pulse-Coherent 
Acoustic Doppler Profiler”.  Paper presented at American Geophysical Union Fall Meeting.  San 
Francisco, CA, 2000. 

Polonichko, V., J. Mullison, and R. Cabrera, “Pulse-Coherent Acoustic Doppler Profiler in Sea 
Technology.,  1, No. 2, pp 76-78, 2000. 

Trevorrow, M. V.: Measurements of ocean directional wave spectra using Doppler sidescan sonar arrays.  
J. Atmos. & Oceanic. Technology, 12, 603-616. 

Sherwood, C.R., and G. Gelfenbaum:  Estimates of sediment transport from a tripod array on the Grays 
harbor Washington ebb-tidal delta.  Paper presented at American Geophysical Union Fall Meeting.  
San Francisco, CA. 2000. 

Zedel, L.: Deep ocean wave measurements using a vertically oriented sonar. J. of Atmos. and Oceanic 
Research, Vol 11, pp 182-191, 1994. 

Zedel, L., R. Cabrera, A. Lohrmann, and A. Hay,  “Performance of a Single-Beam Pulse-to-Pulse 
Coherent Profiler” in Proceedings IEEE Sixth Working Conference on Current Measurements.  1996. 

 

: SonTek, ADP, and ADV are registered trademarks of SonTek, Inc. San Diego CA, USA. 

 



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

Application NoteSound Principles. Good Advice.

Directional Wave Measurements
 

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. 

Our SonWave-Pro wave spectra software 
package uses the proven PUV method for 
directional wave measurement. This method 
requires accurate measurement of pressure (P) 
and horizontal velocities (UV) at data rates 
high enough to resolve wave energy (typically 
2 Hz or higher). 

Most of our instruments (ADP, ADV, Hydra, 
PC-ADP, Triton-ADV) allow you to collect 
the data needed for directional wave measure-
ments. In some cases, upgrading the capabili-
ties of an existing system is fairly simple and 
does not require the return of the system to 
SonTek.

The SonWave-Pro software package offers fl exible processing 
schemes, custom plots (surface, polar, mesh), time-series dis-
plays, spectral displays, and wave statistics. The software can 
create publication quality graphics. Most of our instruments 
(ADP, ADV, Hydra, PC-ADP, Triton-ADV) allow you to collect 
the data needed for directional wave 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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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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PC-ADP (left) and ADV (right) Sediment fl ow pattern 



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

Application NoteSound Principles. Good Advice.

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.
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