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LONG-TERM GOALS 
 
Our long terms goals are to understand sediment transport processes, the relevant physical forcing 
processes and the resulting morpholic evolution of river mouths and tidal inlets. Specific goals include 
understading bedform characteristics (ripple to sandwave and sandbar scale) in relation to wave- and 
cuurent-forced mean and turbulent flow. 
 
OBJECTIVES 
 
1. Quantify morphological change associated with storms and tidal forcing, and quantify the physical 

mechanisms causing the change (i.e., the specific wave-current-bathymetry interactions leading to 
divergence of sediment transport). 

 
2. Measure and the currents, sediment-transport processes and bedform evolution in the bottom 

boundary layer in the energetic ebb-tide delta, where nonlinear interactions between waves and 
tidal currents are critically important to the sediment transport and the morphological response to 
changing forcing conditions.  

 
3. Develop instrumentation to make essential measurements for objectives 1 and 2. This includes a 

surface running REMUS-100 with a carrier phase GPS antenna that will remain exposed, and a 
multi-beam system for bathymetric surveys. Our Dopplers profilers are also in the process of being 
upgraded to bistatic convergent beam sampling for better resolution of near bed turbulence. 

 
APPROACH 
 
In order to measure the processes responsible for inlet morphologic change we plan to conduct repeat 
bathymetric and hydrographic surveys along with in-situ time series measurements of water velocity 
(waves and currents), sediment transport (both suspended load and bedload via bedforms migration) 
and bed elevation Whereas the field work accomplished in 2010 only includes limited bathymetric and 
aerial surveys as part our site selection process, we will discuss our objectives and methods for the 
major field study here for the purpose of providing insights into our future plans and as motivation for 
the instrumentation development. 
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Bathymetric Surveys 
In order to produce accurate and repeatable maps of morphologic change at scales ranging from ripples 
to channel and shoal migration,  we plan to use a REMUS-100 with cm accuracy Real-Time-Kinematic 
(RTK) GPS and sidescan and multibeam sonar system as described in our DURIP proposal 
(“Instrumentation for Measuring Nearshore Morphologic Change and Hydrodynamic Forcing”, Figure 
1).  The GPS antenna will be mounted on a surface-piercing mast so the accurate positioning data will 
be available at all times under calm conditions. We plan also on implementing a combined GPS and 
inertial navigation system for rougher conditions when the antenna may occasionally be submerged 
due to waves.  The vertical reference provided by the GPS is essential, because neither pressure nor 
water surface elevation is a suitable reference for measuring bedforms under swell. The horizontal 
accuracy of the RTK GPS is also essential to maintain repeatable track lines and to quantify changes in 
bathymetry from survey to survey.   Bottom-track-velocity-based navigation is suitable for 
interpolating across brief drop-outs in GPS navigation due to submergence of the antenna, but not for 
extended periods due to a variety of error sources (most notably the possible influence of bedload 
transport). The multibeam  will provide digital elevation with a swath width roughly twice the water 
depth (2×h), and the side-scan with a swath width 10×h will allow measurement of small scale 
bedform morphology and overlapping tracks for larger scale bathymetry (Figure 2). As part of the 
DURIP we plan on testing this system in a local tidal inlet, which will provide both valuable data on 
system performance and initial insights into our scientific goals described in this proposal.  
 
Instrumented Frames 
In order to measure time series of hydrodynamic and sediment processes we plan to deploy quadpods 
with downward-aimed pulse coherent Doppler profilers (pcADPs), upward-aimed Doppler profilers 
with acoustic surface wave tracking (AWACs), Acoustic Doppler Velocimeters (ADVs), Acoustic 
Backscatter profilers (ABSs), and a rotary sidescan and pencil beam sonar system (Figure 2). We 
expect the combination of waves and strong tidal currents to produce velocities in excess of 2 m/s, 
which is beyond the limits of commercially available high resolution Doppler profilers. For instance, 
the Nortek aquadoppHR is limited to horizontal velocities less than 0.65 m/s (due to range-velocity 
ambiguity limitations) and sampling rates of 1 Hz with a vertical resolution of 1cm. The sampling rate 
can be increased to 8 Hz if the resolution is decreased to 3 cm. However, with larger sampling volumes 
the short time scale processes are spatially averaged, so ideally fast sampling should be combined with 
small sampling volumes. The multi-frequency pcADP that we have recently developed overcomes the 
traditional range-velocity ambiguity limitations via an inverse that takes advantage of the multiple 
velocity aliasing points associated with the different frequencies. It was able to measure velocities of  1 
m/s in the Skagit  and theoretically should be able to work in 2 m/s flows with sampling rates of 8 Hz 
(only memory limited, can be increased to 32 Hz), and 1 cm vertical resolution. This will allow us to 
measure vertical profiles of the turbulent flows that control the vertical distribution of suspended 
sediment. The upward looking AWACs will allow measurement of mean current profiles and accurate 
measurement of wave spectra independent of the depth limitations of a pressure sensor. The acoustic 
backscatter system will measure vertical profiles of suspended sediment. The three frequencies (1.0, 
2.5 and 5.0 MHz) are ideally suited for combined estimation of grain size and concentration with the 
medium grain sized suspended sand expected in these environments. The rotary sonar systems will 
measure the response of  small to medium scale (rotary sidescan ranges can extend to 10 to 15 m in 2 
m water depth)  bedforms to the hydrodynamic forcing and measure bedform migrations rates as a 
proxy for bedload transport. The ability to measure both bedform migration and suspended flux is 
essential to examine the relative and combined roles of non-linear wave forced sediment transport and 
mean current forced sediment transport. 
 



3 
 

WORK COMPLETED 
 
Analysis of Previous Aerial Photographs 
A time series of aerial photographs of the recent (2004 to present) breach at Katama was obtained and 
compared to results from Ogden (1974). The opening of the inlet in the center of bay and the slow 
migration to the east observed in recent aerial photography is consistent with the historical results of 
Ogden from 1938 to 1969 (Figure 3). Based on the historical sequence of events the inlet will probably 
be open for a few more years until the western spit overlaps the shore of Chappaquiddick Island. 
 
Bathymetric Surveys 
We conducted a bathometric survey of Katama inlet in April of 2010 with a Rigid Hull inflatable and a 
single beam echosounder. The results were overlaid on a geo-rectified version of the most recent aerial 
photograph. The survey revealed that 1 m maximum depth sills were present on both the flood and ebb 
shoals, thus the inlet was only navigable by very shallow draft vessels at low tide (Figure 4). 
 
Aerial Photographs of Wasque Shoals 
In Septemeber of 2010, we conducted an overflight of the Skiff's Island region of Wasque shoals and 
the Muskaget Channel (Figure 5). Skiff's Island recently became sub aerial shortly after the Katama 
inlet breached in 2004. The photographs document Katama breach has not migrated signifcantly since 
April 2010 (Figure 6), wave steepening in the Muskaget channel during ebb tide (Figure 7), and the 
presence of 50 to 100m wavelength sandwaves o the northwest of Skiff's island (Figure 8). 
 
Instrument Development 
For the near  surface REMUS-100 we have selected a JAVAD L1/L2 band carrier phase resolving GPS 
electronics boards for both the vehicle and the base station and have ordered several antennas to 
determine which has the best trade off of size and weight vs. signal quality fo this neasr sea-surface 
application with spray occansionally covering the antenna. For tri/quadpod work we have ordered a 
new Imagenx roatry sidescan sonar with ethernet communications rather than  the slower serial 
communication protocal we have used previously. This will allow for better imagery as the new system 
is faster and less power consumptive, thus will allow more averaging or imaging of processes with 
short decorrelation time scales (e.g. small wave ripples).  We are in th eprocess of upgrading our data 
acquisition systems to accomodate ethernet and USB 2.0 communications, while mainaining low 
power consumption.  
 
The multi-frequency pulse coherent Doppler profiler has also been upgrade to bistatic convergenet 
beam geometry configuration (Figure 2). The single profiling volumes of the convergent beams will 
allow for better resolution of near bed and water column turbulence. Initial tests with 2 older 1.0 MHz 
fan beam transducers and a single center disc transducer were encouraging, and new trasducers for a 
1.5 mHz system are on order. We plan on deploying this system on Geyer's estaurine MAST profiler 
this fall to test the capabilites of the Dopplers for underway use at speed of up to 2 m/s. 
 
RESULTS 
 
As most of the work described above is in preperation for upcoming project the results are described 
above. We anticipate several new capabilites from the  surface running REMUS for mapping nearshore 
bathymetry and from the pulse coherent Doppler developement in the next year. 
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IMPACT/APPLICATIONS 
 
The developement of these new technologies wil have significant implications for ability to understand 
coastal sediment dynamics and morphologic evelution. The abilty of the REMUS system to map large 
scale morphologic chnage and smaller scale bedforms over a large area should provide unique insights 
into inlet dynamics. We anticipate the convergent Doppler will allow resultion of Reynolds Stress in 
the wave boundary layer which could lead to major advances in our understading of bed stress and 
sediemnt transport processes. 
 
RELATED PROJECTS 
 
This project is closely related to several other proposed ONR efforts including an OASIS project with 
John Trowbridge to measure wave boundary layer stresses in support of optical measurments of 
particle dynamics (Environemental Optics), and integrating the pcADPs on Geyer's MAST (Physical 
Oceanography).  
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Figure 1. Schematic Of the REMUS-100 Nearshore mapping vehicle with GPS antenna, 
Imagenex Delta-T Multibeam, MarineSonics Sidescan sonar and Kearfott / RDI Inertial 

Navigation System (INS). 
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Figure 2. Schematic of a quadpod with instrumentation that would be used for time series of 
small-scale morphology and hydrodynamic forcing in a tidal inlet. The instrumentation includes a 

Nortek AWAC for upward aimed current profiles and waves, a Nortek Vector ADV for point 
measurements of turbulence, our own downward aimed multi-frequency pulse coherent Doppler 
profiler, a rotary sidescan sonar, and a 2 axis pencil beam. The multi-frequency Doppler profiler 

is being reconfigured for bistatic convergent beam sampling for better resolution of near bed 
turbulence.  Data from the 2 axis sonar system from a field of orbital scale ripples (60 cm 

wavelength, 10 cm height) at MVCO is shown. 
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Figure 3. A) Time series aerial photographs taken by Micheal Berwind and published on 
MacDougalls Marine web site showing the evolution of the Katama breach from May 2007 to Jan 
2010. B. Shoreline Changes associated with the Katama breach from 1938 to 1969 (Ogden, 1974). 

Both series of images show a eastward migration of the inlet. 
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Figure 4. Bathymetric survey conducted in April 2010 showing 1 m maximum depth sills required 
to navigate inlet on either ebb of flood shoals 

 
 
 

 
 

Figure 5 Bathymetry Of Martha's Vineyard-Nantucket Sounds and Wasque Shoals from USGS. 
The flight path of an aerial survey conducted in September 2010 is superimposed. 
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Figure 6. September 2010 aerial photo of the Katama breach showing it has not moved 
significantly since April 2010 

 

 
 

Figure 7. September 2010 aerial photo of the Skiffs Island and Muskaget Channel in the 
 back ground taken during Ebb Tide. Wave steepening due to the strong ebb tidal currents is  

visible in the channel 
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Figure 8. September 2010 aerial photo of the Skiffs Island. Sandwaves with wavelengths of 50 to 
100 m are visible to the northwest of Skiff's Island. 

 
 


