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 Background 
Geodynamics was contracted by University of Rhode Island (URI) as part of a National Science 
Foundation (NSF) project to conduct hydrographic surveys offshore Bogue Banks, North Carolina 
at the Morehead City Ocean Dredged Material Disposal Site (ODMDS).  The work included 
collecting multibeam echosounder (MBES) bathymetry over an area that had bathymetric data 
collected prior to Hurricane Florence in December, 2013 and March, 2018.  The project also 
included sub-bottom profiler (SBP) acquisition across morphological areas of interest.  Surficial 
sediment samples were collected at 24 sites determined by areas of varying backscatter 
intensities determined in post-processing.   
 

 
Figure 1.  Survey planning map showing the survey boundaries.   

 Survey Objectives 
The specific goals of this survey were for Geodynamics to: 
 

1) Provide processed MBES bathymetric and backscatter (acoustic reflectance) data within 
the designated survey area. 

a. Data provided as XYZ, ArcGrids for survey data 
2) Collect sub-bottom data across key morphological features that document changes. 

a. Provide data in raw format 
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3) Provide metadata, basic data analysis and generate a brief quality control and quality 
assurance (QA/QC) document and survey report (this report).  

4) Provide existing data at the survey sites. 
a. Historical data is also provided as GeoTiffs 

i. Rasters generated to document change between surveys. 

 

 Horizontal & Vertical Control 
The project coordinate system used for this survey is NAD83 (2011) NC State Plane feet (US) 
and the vertical datum is NAVD88 (Geoid 12b) feet.  This project is an Ellipsoidally Referenced 
Survey (ERS) and GPS Tides were computed in CARIS.   
 
Real-Time Kinematic (RTK) corrections were utilized throughout the survey using a semi-
permanent base station installed on top of the University of North Carolina (UNC) Institute of 
Marine Science (IMS) building  (Figure 2). 
 
 

 
Figure 2.  Base station on top of UNC IMS used for broadcasting RTK-GPS corrections to the 

survey vessel. 

 Multibeam Survey Data Acquisition & Processing 
The Research Vessel (R/V) Benthos, owned and operated by Geodynamics, was selected to 
support hydrographic surveys (Figure 3).  The R/V Benthos is based at Geodynamics’ 
headquarters in Newport, NC.  The specialized sensors and topside controlling systems 
necessary to obtain the desired hydrographic data are permanently installed on the R/V Benthos.  
For MBES surveys, the vessel is equipped with a custom side pole-mount, which holds the dual-
head EM2040C-D multibeam system and Inertial Measurement Unit (IMU).  Port and starboard 
transducers are mounted at approximately 35° and -35°.  The multibeam system is tightly coupled 
with the inertial navigation system for positioning and elevation.  Additionally, sound speed 
sensors and customized computer systems allow seamless logging of real-time beamformed 
bathymetric data. The R/V Benthos represents the state-of-the-art in modern multibeam 
hydrographic surveying. 
 
HYPACK software suite was utilized during survey preparation to create survey line plans and 
evaluate the overall survey scheme line plans on-the-fly (OTF) for holiday fill and line spacing 



Examining Seafloor Dynamics from Hurricane Florence  
Offshore Bogue Banks ODMDS Site; Carteret County, NC 

3 
 

adjustments. HYPACK Survey was used to record navigation, log targets of importance and 
provide the vessel captain with line tracking. 
 
Kongsberg’s SIS 4.3.2 was the data acquisition and user interface software to accompany the 
EM2040C-D sonar system.  SIS was also used for OTF identification of holidays or gaps in the 
data and real-time QA-QC of the multibeam sonar data.   
 
The POSView software by Applanix was used alongside with the POS MV positioning system 
software to ensure accurate positioning.  The software provides the interface to view, monitor, 
and record tightly-coupled integration of the attitude measurements from the IMU and position 
and heading measurements recorded by the Global Navigation Satellite System (GNSS) in a 
resulting POS .000 file. The recorded POS .000 file contains all attitude, positioning, heading and 
error estimates of attitude and positioning. This file ensures a method of post-processing attitude 
and navigation data in the event of RTK-GNSS cycle slips or interruption.   
 

  
Figure 3.  R/V Benthos setup with survey equipment.  The red box highlights the dual-head 

EM2040C-D sonars. 
 
Multibeam bathymetric data were processed in CARIS HIPS and SIPS. Erroneous soundings 
were removed, and processed elevations were compared to previous and recent data in the areas 
when available (see QA-QC Section 3.0 for more information). For this survey, RTK-GNSS quality 
was excellent during hydrographic data collection and adding the post-processed POS data 
(POSPac SBET file) to the final data was not necessary.  
 



Examining Seafloor Dynamics from Hurricane Florence  
Offshore Bogue Banks ODMDS Site; Carteret County, NC 

4 
 

Data were collected east to west as in previous surveys.  In addition to operating the multibeam 
system under routine and current patch tests, the data was compared to previous survey data 
with consistent results.  The final bathymetric surfaces are of 5 ft (1.52 m) resolution (Figure 4). 
 
The backscatter intensity surfaces (1 m / 3.28 ft resolution) were generated in the Fledermaus 
FGMT software.  The final intensity surface describes data collected real-time with no post-
process flier editing. The only post-process user editing done to the backscatter data is in the 
selection of lines used to create the mosaic. The mosaic displays the variable textures of the 
ODMDS site well.  The values of the arcgrids report the actual backscatter intensity values in dB 
(Figure 5).
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Figure 4.  Overview of multibeam bathymetry collected at the ODMDS site. 
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Figure 5.  Overview of multibeam backscatter intensities collected at the ODMDS site.
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 Sub-bottom Profiler 
Sub-bottom profile data was collected with an Edgetech 512i on 2/26/2019.  The towfish operated 
at a frequency of 0.5 – 7.2 kHz @ 30 ms.  To minimize the potential for ghost / multiple 
interference, the towfish was towed with a set of poly-balls attached to the tow point to keep 
maximize the distance between the transducers and the seafloor while maintaining slow survey 
speeds ~3.5 kts in the relatively shallow environment.  This approximate towed depth was around 
8 ft.  Positioning was performed using a manual layback driver in Hypack Survey and exporting 
the corrected layback position using a serial cable and sending a NMEA GGA sentence at 9600 
to the sub-bottom data logging software, Discover.  This is done because Discover is the preferred 
platform to record Edgetech data files as it preserves specific manufacturer data in the JSF files 
that third-party file structures such as SGY and XTF may not.  However, SGY and XTF were still 
recorded for data posterity and flexibility in data processing routines. 
 

 
 
Following the survey, a QC check was performed on the data quality and layback positioning.  
Using two reference points of the vessel and towfish position that were recorded in the field when 
passing a fixed object (navigation buoy), it was determined Hypack had erroneous conversions 
in their towfish_simple.dll driver.  This was later verified in a test setup and communication with 
Hypack.  This driver was apparently converting the layback value in feet to meters, therefor 
shortening the actual layback position from the sheave (A-frame) being sent to Discover.  A value 
of 69 ft aft should be applied in post-processing.   
 
An additional section of multibeam bathymetry was collected in the southern portion where an 
additional line was collected.  This data is provided as an additional dataset should the user wish 
to datum-align the sub-bottom in post-processing (see bottom line in Figure 6). 
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Figure 6.  Sub-bottom profiler navigation data over the bathymetry dataset. 

 

 Sediment Samples 
Sediment sample sites were determined by review of the backscatter intensity and morphologies 
and choosing sites of variable texture and location.  Distribution of the samples can be seen in 
Figure 7 and a list of their coordinates in Table 1. 
  



Examining Seafloor Dynamics from Hurricane Florence  
Offshore Bogue Banks ODMDS Site; Carteret County, NC 

9 
 

 
Table 1.  List of surficicial grab samples and locations in NAD83 (2011) NC State Plane Feet. 

 
Name X_NCSPF Y_NCSPF Date 

SS1 2695288.63 332269.45 20190227 
SS2 2695253.65 334268.23 20190227 
SS3 2693221.21 334224.57 20190227 
SS4 2692271.74 334247.62 20190227 
SS5 2690340.90 334224.35 20190227 
SS6 2690354.39 331649.78 20190227 
SS7 2693470.48 331610.65 20190227 
SS8 2693404.79 332702.28 20190227 
SS9 2692171.10 332249.14 20190227 
SS10 2693532.67 333474.26 20190227 
SS11 2694832.07 334118.53 20190227 
SS12 2696399.82 334943.03 20190227 
SS13 2696051.85 331316.61 20190227 
SS14 2695639.25 330944.91 20190227 
SS15 2693307.38 330860.67 20190227 
SS16 2690063.03 330932.13 20190227 
SS17 2692925.67 332045.04 20190227 
SS18 2691732.80 333158.12 20190227 
SS19 2691206.70 333812.92 20190227 
SS20 2691570.37 334926.55 20190227 
SS21 2692757.39 334973.66 20190227 
SS22 2696490.31 334010.12 20190227 
SS23 2697080.46 332622.39 20190227 
SS24 2695836.98 332938.63 20190227 
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Figure 7.  Distribution of sediment samples collected at the ODMDS survey site. 
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In addition to operating under patch tested configurations, horizontal and vertical data quality was 
assessed through data comparisons with previous and recent data in the area.  The historical 
data provided from March 3, 2018 was subtracted from the recent survey data.  Although a sound 
velocity artifact from the 2018 survey is imprinted on the change surface, the statistics report a -
0.12 m mean difference.  This skew appears to be the result from the dominant trend of the 
change surface revealing a net loss, meaning the recent survey is dominantly higher as a result 
of the artifact.  This was confirmed by a cross-track profile extraction from the bathymetry of both 
surveys and observing the artifact in the 2018 dataset.  Unfortunately, sound velocity can be a 
difficult survey parameter to control at the ODMDS site, as the nearby channel and mounds can 
create dynamic pockets of varying temperature/salinity.  However, the patterns of natural change 
are still clearly evident.   
 

 
Figure 8.  A change map surface between the Jan. 15, 2019 survey and the previous March 3, 2018 

survey.   
 
A comparison of the backscatter intensities between the two surveys also reveal patterns of 
sediment transport in a similar fashion.  Since backscatter is commonly reported as negative 
decibel values of the return strength of the surface, theoretically this surface shows areas that 
have either increased their backscatter return strength (positive), decreased their return 
(negative), or have experienced little change (close to zero).  However, even though these 
datasets were collected with the same sonar hardware, subtle differences in water properties, 
runtime parameters of the sonars themselves, and processing software can create biases 
between two datasets that must be normalized for proper comparisons.  A mean value of 7.35 dB 
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from the difference surface might suggest this is this the case, however that is beyond the scope 
of this work.  As this dataset is not empirically accurate at this time, it is provided in the following 
figure (Figure 9) out of research interests only and should be further investigated if such data is 
to be considered of interest.   
 

 
Figure 9.  An investigation into backscatter time-series data shows a change in seafloor texture, 
but still requires additional investigation to be accurately derived.  This figure is supplied out of 

research interests only. 
 

 
The multibeam survey of the ODMDS area provide adequate data to generate 5 ft (1.52 m) 
resolution bathymetric surfaces and backscatter mosaics.  This resolution is also consistent with 
historical datasets for comparisons.  The sub-bottom profiler data have been reviewed and are 
being supplied in their raw format as required.  Sediment sample were taken at various 
documented sites and should have ample material for lab analysis.  All datasets have been 
reviewed for logical consistency and accuracy using multiple methods.  This dataset is of high-
quality and serves its intended purpose.  Additionally, all deliverables highlighted in the Scope of 
Work (SOW) were provided in the final deliverable package.  The deliverable package also 
contains a readme file explaining the contents of the deliverables.  
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