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 Project Description 
Geodynamics was contracted by the United State Army Corps of Engineers (USACE) Wilmington 
District to provide hydrographic surveying services for an area encompassing approximately 4.45 
square miles offshore of Wrightsville Beach, North Carolina. This included conducting a high-
resolution geophysical survey area nearshore Wrightsville Beach using multibeam echosounder 
(MBES), sub-bottom profiler (SBP), Transverse Gradiometer (TVG) and side scan sonar (SSS) 
sensors for seafloor and subseafloor investigations across 30 m (~98 ft) spaced survey lines.  

 Project Area 
The survey area spans the shoreline of Wrightsville Beach, NC from Masonboro Inlet to 
approximately 2.5 NM south of the inlet. The survey block extends from shore approximately 1.7 
to 3.75 NM and spans approximately 2.3 NM in length. Figure 1 shows the survey area and 30 m 
spaced planned survey lines along with the 8 intersecting quality control crosslines spaced at 500 
m. 

 
Figure 1. Map displaying project area. 

 Report Purpose 
This report provides a description of all survey activity including acquisition and processing 
methodologies, procedures, and quality control/quality assurance processes. Atmospheric and 
environmental conditions as well as summarized activities for each day of acquisition are 
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included. Survey control and survey geodetics are also included in this report. A general 
discussion of results, including notable features identified in the data, is provided to aide further 
application of these products.  

 

 Equipment 

 
The Research Vessel (R/V) Benthos (Table 1), owned and operated by Geodynamics, is a vessel 
of opportunity well suited for this multi-sensor survey. R/V Benthos was mobilized with all sensors 
at Geodynamics’ headquarters in Newport, North Carolina, and all sensor calibrations were 
verified before transit to the survey site in Wrightsville Beach, North Carolina. 

Table 1: General Vessel Specifications of the R/V Benthos. 

General Vessel Specifications 
Vessel name R/V Benthos 
Owner Geodynamics 
Dimensions 34 x 10.5' x 2.5’ 
USCG  Designated Research Vessel 
Flag  U.S. 
Registry  North Carolina 
Reg No  NC-8224 DW 
Tonnage  15 
Lab space  3 Operator Stations 
Lavatory Full head 
Min / Max Speed  2.5 / 45 knots 
Propulsion  2 x 300HP Yamaha Outboard Motor 
Auxiliary Power  8 kilowatt Westerbeke Generator 
Fuel Cap.  280 gallons 
GPS  Simrad 
Magnetic Compass  Richie 
Radar  Simrad 4G 
Autopilot  Simrad AP-28 
VHF  Simrad R-25 
Internet Pepwave MAX 

 

 
Table 2 lists the survey equipment used for this survey. 

 
Table 2: Survey equipment utilized for the project. 

  Hardware Equipment Function Manufacturer Model 
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Primary GNSS Receiver - 
Positioning and Orientation System 
for Marine Vessels (POS MV) 

Position/Attitude/Heading Applanix 320 v5  

Primary GNSS Antenna (port) Position/Attitude/Heading Trimble/ 
Aeroantenna 540AP 

Secondary GPS-GNSS Antenna 
(starboard) Position/Attitude/Heading Trimble/ 

Aeroantenna 540AP 

Inertial Motion Unit (IMU) Position/Attitude/Heading Applanix IMU-65  

2 GPS Cables (20 m) Position/Attitude/Heading Trimble n/a 

IMU Cable (30 m) Position/Attitude/Heading Applanix IP68 

Cellular Internet  Mobile Internet Verizon SIM Card 

Fugro Marinestar G2+ SBAS Corrections Fugro n/a 

SS
S 

Side Scan Sonar Object Detection Edgetech 4205 

SSS Topside Unit Acquisition Edgetech 4205 

SSS Deck Cables SSS Telemetry Edgetech n/a 

SSS Hydraulic Winch Transducer Deployment Pullmaster PL2 

M
B

ES
 

Sonar Processing Unit (PU) Bathymetry Kongsberg 2040C PU 

2 15m Sonar Cables Bathymetry Kongsberg EM2040 

Surface Sound Velocimeter Bathymetry Applied 
Microsystems 

Micro Sound Velocity 
(SV) 

Sound Profile Velocimeter Bathymetry Applied 
Microsystems Minos-X 

2 Sonar Heads Bathymetry Kongsberg 2040C-Dual Head 

Su
b-

bo
tto

m
 CHIRP Sub-bottom Profiler Imagery/Geology Edgetech 216S 

SBP J-Frame Winch Transducer Deployment Warn VRX 25-S 

SBP Topside Unit Acquisition Edgetech 3100-P 

SBP deck cables (30m) SBP Telemetry Edgetech n/a 

M
ag

ne
to

m
et

er
 

Marine Magnetometer Marine Archeology  Geometrics G-882 

TVG Frame Marine Archeology  Geometrics 1.5 m TVG Frame, 
straight tow 

 
  

 
Table 3 lists the software used for data acquisition.  

 
Table 3: Software used during survey 

Software Function Version Manufacturer 
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 Geodesy 
Data acquired onboard both RV Benthos utilized the Fugro Marinestar G2+ SBAS (Satellite Based 
Augmentation System). This system provides decimeter resolution both horizontally and vertically 
in real-time. Marinestar G2+ is a global SBAS and is therefore referenced to the ITRF2014 
(International Terrestrial Reference Frame of 2014).  
All data have been transformed into the NAD83 (2011) coordinate reference frame, and into the 
North Carolina State Plane system (Feet, WKID: 3200), either onboard during acquisition through 
Qinsy Online transformations, or during post-processing. Individual routines for each sensor’s 
transformation and projection can be found in their respective sections.  
The NAD83 (2011) North Carolina State Plane Feet coordinate system/projection were verified 
daily using RTK 2 m pole checks on established and verified benchmarks within the North 
Carolina Continually Operating Reference Station (NC CORS) network. Static observable data 
for the Castle Hayne (NCCH) station was used during post processing.  
All delivered data and coordinates provided are relative to NAD 1983 (2011) North Carolina State 
Plan US Survey Feet in the horizontal plane and NAVD 1988 (using Geoid 12B) in the vertical 
plane.  

 
Table 4: NCCH Continuously Operating Reference Station 

Coordinate HCS/VCS Coordinate Value   

Latitude NAD 83 (2011) 34 20 40.22863 N 
Longitude NAD 83 (2011) 077 52 29.89899 W 
Ellipsoid Ht NAD 83 (2011) -22.085 

Qinsy  Navigation management  9.4.4 QPS 
POSView Navigation and attitude 10.5 Applanix 
SIS MBES Data Acquisition and Patch Test 4.3.2 Kongsberg 
Seacast Sound Velocity 4.3 AML 
Sound Speed 
Manager Sound Velocity - CARIS 

Discover  SSS and Chirp SBP Data Acquisition 41.0.1.116 Edgetech 
MagLog Lite Magnetometer Data Acquisition - Geometrics 
Excel Field Notes 2018 Microsoft 
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Designation: CASTLE HAYNE 2007 CORS ARP 
CORS ID: NCCH 
PID: DK7086 

 
 

 Project Schedule and Weather 
Survey activities were conducted between March 5 and April 12 of 2022. There was a total of 16 
active survey days. Table 5 shows the general timeline of acquisition activities. 

Table 5: Survey activities throughout the project 

Date Julian 
Day Description of Survey Operations  

3/5/2022 64 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines  
3/13/2022 72 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines 
3/14/2022 73 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines 

3/15/2022 74 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines and MBES only 
on patch test area AR370 

3/16/2022 75 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines 
3/17/2022 76 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines 
3/18/2022 77 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines 
3/21/2022 80 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines 
3/22/2022 81 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines 
3/23/2022 82 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines 
3/27/2022 86 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines 
3/28/2022 87 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines 
3/29/2022 88 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines 
4/3/2022 93 RV Benthos MBES, SSS, chirp SBP, MAG  on polygon 100’ lines 
4/11/2022 101 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines and crosslines 

4/12/2022 102 RV Benthos MBES, SSS, chirp SBP, MAG on polygon 100’ lines, crosslines, and 
recovery lines 
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The tide and meteorological observations for each day of survey were collected at the nearest 
NOAA tide station, Wrightsville Beach, NC (Figure 2).  
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Figure 2. Tidal and meteorological conditions during survey from Wrightsville Beach, NC - Station 

ID: 8658163 

 Personnel 
 

Table 6: A list of all survey personnel and management staff for this project. 

Participant Title Affiliation 

Chris Freeman President, Point of Contact Geodynamics 
Dave Bernstein Program Director Geodynamics 
Josh Landry Operations Director Geodynamics 
Kurt Baker Survey Manager / Project Manager Geodynamics 
Josh Savage Vessel Operator Geodynamics 
Nolan Day Hydrographer Geodynamics 
Tariq Moya Hydrographer Geodynamics 
Davis Batten Hydrographer / Processor Geodynamics 
Rachel Dudas Hydrographer Geodynamics 
Clay Walker Hydrographer Geodynamics 
Brooke Wheatley Processor Geodynamics 
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Rebekah Gossett Processor Geodynamics 
Evalynn Barbare Processor Geodynamics 

 

 

 Acquisition 
Acquisition for the Wrightsville Beach Geophysical Survey was conducted with the R/V Benthos 
(Figure 3). Vessel survey systems rely on an Applanix POS MV V5 for navigation, attitude, and 
heading. Physical survey systems consist of over the side multibeam sonar mounts and A-frame 
with hydraulic and electric winch controls for geophysical survey gear deployment and recovery. 

 
Figure 3: R/V Benthos  

 
The Applanix Positioning and Orientation System for Marine Vessels (POS MV) Ocean master 
provided georeferencing and motion compensation to all hydrographic sensors. This system is 
permanently installed on the R/V Benthos. The POS MV integrate vessel attitude with horizontal 
positioning information obtained from the dual antenna spread, supporting both Global Positioning 
System (GPS) and GNSS satellites, and directly relays attitude data to Kongsberg’s Seafloor 
Information Systems (SIS), QPS Qinsy acquisition software, and the MAGLOG LITE acquisition 
software. The POS MV provides real-time roll and pitch accuracy RMS to 0.02°, heading to 0.02° 
(with a 2 m antenna baseline), heave accuracy to 5 cm or 5% (whichever is greater), and 
decimeter positional accuracy when using Fugro Marinestar G2+ SBAS corrections.  
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Figure 4: POS MV OceanMaster 

 
Positioning for all sensors was aided by Fugro’s Marinestar GPS and GNSS services. Marinestar 
provides sub-meter positional accuracy worldwide based upon Fugro’s global network of 
reference sites and geostationary satellites and integrates seamlessly within the POSView 
acquisition software. Qinsy Online software integrates POSView position and attitude data to 
provide motion corrected positions for relevant nodes such as the MBES sensor target centers 
and tow points for sensor positions derived from layback. 

 
Figure 5: Overview of L-band satellite beams and their coverage areas. 

The POSView software by Applanix was used with the POS MV system. This software provides 
a tightly-coupled integration of the attitude measurements recorded by the IMU and the SBAS 
augmented position measurements recorded by the GNSS antennas. POSView allowed the 
survey technician to monitor the attitude and positional accuracy throughout the survey in real 
time. POSView logged a POSPac file which contained all attitude, positioning, and error estimates 
of real-time attitude and positioning which allows for post processing in the event that improved 
positional accuracy is required.  

 
Bathymetry was collected on R/V Benthos with a dual head Kongsberg EM2040C system on an 
over-the-side mount from the port quarter of the vessel. The sonar heads are secured to the 
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vessel in a fixed and pre-defined location using industrial stainless-steel clamps. The precise 
positioning of the MBES heads to the IMU were established during a dimensional control survey 
in March of 2021. The current configuration was most recently patch tested and verified in 
November of 2021. The patch test and verification surveys were conducted to ensure self-
alignment (sensor bias with respect to heading, pitch, and roll errors) as well as comparison 
against previously validated bathymetric data, both internal (Geodynamics) and external 
(USACE). 
 

 
Figure 6: R/V Benthos MBES sonar heads over-the-side mount during dimensional control survey 

March 2021. 

 
Throughout the survey multiple dynamic factors were monitored to ensure accurate and precise 
bathymetric data. The POS MV provided real-time vessel attitude, tide, and water levels for both 
real-time monitoring and post-processing. Sound velocity profiles were collected via the AML 
Minos-X (Figure 7), processed in SeaCast, and loaded directly into SIS for accurate beam forming 
and sound speed correction during acquisition. Sound speed near the surface was monitored in 
real-time at the sonar heads using an AML MicroSV. When the sound speed at the head changed 
by more than 2 m/s from the profile collected, another profile was acquired.  All attitude, position, 
SV, and sounding data was recorded in SIS as *.all files. 

 
Figure 7: AML Minos-X sound speed profiler used on R/V Benthos. 
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MBES data were collected in both Qinsy and SIS. The Qinsy interface provided accurate line 
tracking and navigation view, MBES coverage view and was used for real-time quality 
assurance/quality control (QA/QC), standard deviation models of overlapping data. The SIS 
software was used to define the sonar settings and parameters, as well as make changes to 
survey configuration or operation.  

 
The R/V Benthos surveyed exclusively with the Edgetech CHIRP (Compressed High Intensity 
Radiated Pulse) SB-216S towed sub-bottom profiler. The 216S towed body is capable of 6-10 cm 
vertical resolution and up to 6 m of penetration in course and calcareous sand. The system was 
surface towed using Norwegian buoys at a fixed, measured distance from the J-frame and roughly 
2 m below the sea surface. The QPS Qinsy software suite was used during survey to serve as a 
relational interface between the vessel navigation and the towpoint to provide manual layback 
corrected positions to the SBP controller software, Discover SBP.  

 
Figure 8: Edgetech SB-216S sub-bottom profiler. 

 
The Discover SBP software provides a scrolling display of sub-bottom penetration and resolution, 
allowing for real-time QA/QC. The CHIRP system was set to sweep from 2.0 – 15.0 kHZ at 20 ms 
and 75-100% power with a ping rate maximized for optimal resolution. During survey, display-
only gains could be manipulated to improve data visualization. The sub-bottom data were 
recorded in Edgetech’s proprietary JSF format, along with the SEG-Y and XTF formats. 

 
As with SBP, the Qinsy software suite was used during survey to serve as an interface between 
the vessel navigation, the towpoint, and the Edgetech 4205 side scan sonar towfish to provide 
layback corrected positioning and heading to the SSS controller software, Discover SSS. Unlike 
SBP, the SSS towfish layback changed throughout survey, and the manual layback driver within 
Qinsy was used to adjust the survey the cable payout for providing the final layback-corrected 
position to Discover SSS. Discover provides a waterfall data display for real-time QA/QC 
monitoring of both channels acquired. Frequencies were set at 850 kHz (channels 5 and 6 at 50 
m range) for the entirety of acquisition. Towfish altitude was adjusted to maintain between 10% 
and 20% of the SSS data range (5 to 10 m above the seafloor) where possible. Discover logged 
all raw sensor data along with UTC time and navigation stamps in Edgetech’s proprietary JSF file 
format. 
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Figure 9: Edgetech 4205 side-scan sonar (image provided by Edgetech) 

 
Two G-882 magnetometers with depth sensors and altimeter are installed in a 1.5 m wide 
Transverse Gradiometer Frame. The Gradiometer was towed astern of the vessel. The altitude is 
controlled by paying out or brining in tow cable sufficient maintain the survey requirements. The 
gradiometer was towed at sufficient (> 3x vessel length astern of the vessel) to avoid interference 
from the vessel. The TVG layback changed throughout survey, and the manual layback driver 
within Qinsy was used to adjust the survey the cable payout for providing the final layback-
corrected position for post-processing. 
 

 
Figure 10: Stock image of Geometrics G-882 Transverse Gradiometer 

 Processing 

 
The post-processed horizontal datum for this project is the NAD83 (2011) with projected into the 
North Carolina State Plane Feet grid. The vertical datum for this project is the NAVD88 datum 
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using geoid 12b. As data were collected within the ITRF2014 frame using the Fugro Marinestar 
service, the POSPac MMS (Mobile Mapping Solutions) software was utilized for datum 
transformation during attitude and positioning post-processing.  
POSPac MMS is a user-friendly suite of tools used to create an accurate solution of position, 
orientation, and dynamics from the GNSS and IMU data collected with the POS MV. Raw POS 
data collected in the field is imported into POSPac MMS and a SBET (Smoothed Best Estimate 
of Trajectory) is created using various methods of post-processing. The post-processed SBET is 
then integrated into the multibeam sonar data to enhance horizontal and vertical accuracy and 
the reliability of the GPS data.  
The POSPac MMS post-processing method utilized for this project was “IN-Fusion Single Base”. 
The “IN-Fusion Single Base” utilizes corrections from a land based base station operating on an 
established coordinate. For this project, the base station corrections were provided by the North 
Carolina CORS NCCH and thus the SBET was exported in the NAD83 (2011) frame. 
The positioning of the side-scan, TVG, and sub-bottom sonars were calculated using offset factors 
applied within the Qinsy software. The manual layback position of the sub-bottom and side-scan 
was calculated and transmitted to Discover. For both outputs the Qinsy software performed a 
real-time transformation of the ITRF2014 positional data and provided the offset position of the 
sensor in the NAD83 (2011) frame. 

 
All MBES data were post-processed using the Applanix POSPac MMS software, using the NCCH 
(North Carolina Castle Hayne) static observable data. The NC CORS Network is based in the 
NAD83 (2011) frame, and therefore the SBET (Smoothed Best Estimate of Trajectory) used for 
MBES processing was also based in the NAD83 (2011) frame, thus properly transforming the 
multibeam data into the NAD83 (2011) frame during MBES processing. 
All bathymetric survey data were processed using CARIS Hydrographic Information Processing 
Systems (HIPS) and Sonar Information Processing System (SIPS) software and gridded in a 
Combined Uncertainty and Bathymetry Estimator (CUBE) surface at a final resolution of 3 ft. The 
POSPac file was processed and computed into an SBET, which was applied to the necessary 
bathymetric data along with GPS Tides and sound velocity profiles. The processing workflow is 
in Figure 10 below.  
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Figure 11: Major steps in Bathymetric Data Processing 

The CARIS vessel configuration file, called the HIPS Vessel File, is an Extensible Mark-up 
Language (XML) file that can describe details of the installation and calibration of the instruments 
installed and their precise positioning relative to each other and the vessel’s reference frame. 
Embedded information within the HVF is used by multiple processes in CARIS to merge sensors, 
offsets and calculate sounding uncertainty. For this project, measured sensor offsets and 
calculated patch test offsets were applied in SIS or POSView prior to acquisition, therefore, the 
“apply” option for the offset values in the HVF were set to “no”. However, sensor offsets are still 
placed in the HVF as well as other manufacturer specifications to properly account for TPU. 
The raw multibeam bathymetry data collected in SIS provides rough estimates of water depth and 
bathymetry. To view the raw data and water levels as it was collected, a zero-tide must be applied 
which neglects all tidal influences on depths. Corrections applied to the raw data in real-time 
included sound speed corrections from the most recent and appropriate sound speed cast, as 
well as initial heave, pitch, roll, and heading corrections from the POS MV, but become fully 
integrated during processing steps. 
Tidal observation data must be loaded for every track line before the soundings can be viewed 
as corrected depths and positions, correcting for astronomical and meteorological changes in 
water levels. Real-time tidal and water level changes were corrected by computing “GPS Tides” 
in CARIS. This procedure uses the GNSS height and vessel heave to dynamically deduct the 
vessel’s vertical displacement through the water column as well as correct for the astronomical 
changes in water level heights over the course of the survey. 
A CUBE surface is a model which uses multiple hypotheses to represent potential depth variances 
along the seafloor based on a TPU that is calculated in CARIS. The CARIS TPU module computes 
horizontal and vertical uncertainty values, requiring user-entered offsets, estimated error values 
for the tide, sound speed measurements and published errors from equipment specifications. 
TPU calculations are used in the CUBE algorithm to calculate a surface where ‘nodes’ or ‘tiles’ 
are assigned to soundings with the lowest vertical uncertainties and are internally self-consistent.  
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Upon initial QC inspections and reviews for targets or features on the seafloor, a combination of 
swath and surface filters were executed in CARIS to reduce manual editing. The main filter used 
was a swath filter to remove erroneous outer beams. 
One of the last steps of multibeam processing is to manually “clean” or remove erroneous data 
inherent to all echosounders. This is commonly due to aeration, pelagics, multiples, or outer swath 
noise or artifacts. Soundings were edited using a combination of Subset Editor and Swath Editor. 
Swath Editor provided an initial editor to review and clean individual lines, providing a slice that 
preserves both large and small-scale features in the swath and reveals true outliers. The 
erroneous data were flagged as rejected as to not be included in the final surface. The Swath 
Editor also provided a means for reviewing the navigation and attitude data for spikes or gaps. 
Subset Editor was used as a means of reviewing the data and cleaning erroneous soundings. 
Overlapping lines are loaded into the Subset Editor, providing the processor with a confidence 
check for detecting features, assessing systematic errors, flagging fliers, and reviewing rejected 
soundings. This technique provides the user flexibility to review the data in both 2-dimensional 
(2D) and 3-dimensional (3D) views. Surfaces were constantly recomputed and reviewed for 
remaining fliers and cleaned as necessary.  
The 3 ft CUBE surface was exported after final QC review as a floating point GeoTiff raster in 
NAD83 (2011) NC State Plane Meters, NAVD88 (m), and converted to NC State Plane Feet in 
XY and feet for vertical and is provided as a raster dataset compatible in ArcGIS 10.0 software. 

 
The signal-to-noise ratio (S/N) of the raw data was of sufficient quality to permit the data to be 
processed using the following simple 4-step workflow:  
Step 1 – JSF Import: Import JSF files with initial scalar to optimize full envelope to CSF file in 
SonarWiz 
Step 2 – Review Navigation and Bottom Track: Layback was analyzed and adjusted as needed 
using bathymetric surface to align with features in SBP. Seafloor was bottom tracked to develop 
surface for datum alignment.  
Step 3 – Datum Alignment: Data were converted from CSF to SEG-Y, then imported SEG-Y 
with regional bathymetric grid to align the digitized seafloor to the NAVD88 datum.  

 
SSS data from the Edgetech 4205 was processed in SonarWiz according to the generalized 
processes in Figure 15 below. 
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Figure 12: Major Steps for Side Scan Sonar Data Processing 

The JSF were imported into SonarWiz, and the subsequent CSF files were created with 
navigation smoothed. Navigation and layback were reviewed by comparing overlapping data and 
comparing to the bathymetric surface and backscatter imagery. Layback was applied in post-
processing based upon alignment to overlapping data and comparison to real-time layback 
calculations within Qinsy. The SSS imagery were then opened in the bottom track utility in 
SonarWiz to remove the water column. An Empirical Gain Normalization (EGN) filter was applied 
to all SSS lines to improve and harmonize gains. A de-stripe filter was also applied to reduce 
artifacts from vessel motion and the water column. Once the imagery was optimized for viewing 
and analysis, each line was viewed in waterfall for targets. A mosaic of the imagery with 0.5 ft 
resolution was created in SonarWiz and exported to ArcGIS Pro as a 3-Band raster.  

 
TVG Navigation Editing 
Data processing was conducted using Oasis Montaj and the UXO-Marine Module. Once imported, 
the navigation data was checked for spikes or duplicates in both the position and altitude. Any 
spikes identified will be manually removed from the data with resultant gaps interpolated across 
to a limit agreed with the client. Navigation and Altitude data flags were created for any sections 
where the navigation quality or gradiometer altitude was outside the specified contractual limits. 
These flags were used to remove such data from being included in any of the gridded or coverage 
results, as well as being exportable to identify data gaps for infill/re-runs. 
TVG Signal Processing 
The magnetometer data was checked for spikes, which are typically caused by electrical 
interference or motion. The data from each sensor was levelled using a median correction.  A 
background field was calculated by applying a series of non-linear filters to fit a long wavelength 
curve to each line. This long wavelength curve is subtracted from the altitude corrected data to 
leave a residual magnetic field profile containing only the short wavelength anomalies. This was 
first generated by running a set of standard filters. Each line was reviewed on an individual basis 
and the filters were adjusted as appropriate. The process was repeated with the first pass aiming 
to generate a residual grid highlighting geology, and the second to generate a residual grid 
highlighting anomalies. The calculated residual magnetic field is used to calculate gradients in the 
X (across track) & Y (along track) directions with a vertical derivative used to calculate the gradient 
in the Z (vertical) direction. The component gradients are to be used to calculate the analytic 
signal. This is the 3D gradient of the residual magnetic field, quantifying the rate of change of the 
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magnetic field. The analytic signal is effective for discriminating targets as all anomalies become 
positive peaks. 

 

 Bathymetry 
In this survey, multibeam bathymetric data were acquired along 30 m set lines throughout the 
survey area using R/V Benthos. Additionally, crosslines were collected for quality control and to 
aid in the interpretation of the sub-bottom data. The final multibeam surface was cross-checked 
against the crossline data as well as the existing NOAA nautical chart (11539). To complete this 
analysis, the NOAA vDatum software was utilized to provide the vertical transformation from 
MLLW (chart datum) to NAVD88 (project datum). These differences were calculated in CARIS 
and ArcGIS Pro respectively and produced the results seen below. 
 

 
Figure 13: Histogram of the values of the difference surface between the 30 m set lines and the 

crosslines. 
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Figure 14: Chart comparison between NOAA provided nautical chart (11539) and the bathymetric 

dataset. 

Additionally, the Caris processing software has multiple methods by which ensure the data is 
sufficient in quality and quantity given project specifications. The “Uncertainty” graph provides 
visual information regarding the summation of the potential errors within the dataset as described 
within the processing section. The “Data Density” graph illustrates the number of soundings 
associated with each grid node for the deliverable bathymetric dataset. For this project, the 
bathymetric data were extremely dense given the 30m line spacing.  
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Finally, a custom TVU assessment based upon NOAA HSSD standards used for nautical charting 
was conducted on the multibeam dataset. This assessment calculated the vertical uncertainty as 
a fraction of the allowable TVU based upon NOAA HSSD standards. 

 
Figure 15: Distribution of uncertainty for the final bathymetric surface. 
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Figure 16: Node density analysis for the Wrightsville Beach bathymetric dataset. 

 

 
Figure 17: TVU analysis based upon NOAA HSSD specifications. 
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 Geophysical 
This section highlights results obtained from Oasis Montaj during the processing of the 
magnetometer data. The primary purpose of this section is to illustrate the proper altitude and 
speed were maintained during the course of the survey. Additionally, plots showing the alignment 
between the field values obtained by each magnetometer for multiple surveys lines provide 
confidence in each individual sensor’s field.  

 
Figure 18: Oasis Montaj generated statistics for the average altitude of each recorded TVG survey 

line. 
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Figure 19: Oasis Montaj generated statistics for the average speed for each TVG survey line. 

 
Figure 20: Oasis Montaj generated plots for the port magnetometer for Line 41. 
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Figure 21: Oasis Montaj generated plots for the starboard magnetometer for Line 41. 

 
The results from the geophysical survey were consistent across survey platforms. In general, 
multibeam bathymetry and backscatter imagery aligned well to the side-scan data, and features 
identified within side-scan data and magnetic data were consistent. After processing and quality 
control routines this dataset is sufficient to perform a cultural resource assessment. 

 
Bathymetric data provided sufficient information to report water depths throughout the survey area 
at a 3 ft resolution. The MBES data covers elevations from -43 ft to -60 ft NAVD88. The data 
reveal a large area of apparent sand, outlined with softer appearing sediment extending to the 
northeastern and northwestern sections of the survey area. Along the northeastern edge of sandy 
substrate, there is a region of valleys composed of softer appearing sedimentation with a relief of 
approximately 1.5 m. Near the northwestern extent, a slight but pronounced area of relief is 
apparent. This region has been highlight within the data deliverable and within the screenshot 
image below. 
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Figure 22: Northwest extent showing vertical relief within the bathymetric dataset. 
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Figure 23. Multibeam bathymetry gridded at 3 ft resolution. 

 
Sub-bottom data shows general features at the expected depths for the sensor. The data shows 
alignment and agreement when between intersecting lines when viewed within a 3-dimensional 
fence diagram. The intent of the sub-bottom profiler data was to assist in the identification of 
features identified within the MBES, SSS, and TVG datasets. As no features of concern were 
identified, the sub-bottom profiler data remains available for future analysis, however with no 
deliverables attached.  
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Figure 24: Bottom-tracked sub-bottom file, depicting the first acoustic return, the seafloor. 

 

 
Figure 25: 3D rendering of intersecting sub-bottom lines within the WBCS survey extent with no 

gains applied. Green lines are equally spaced every 5 ft. The strong reflector at ~50 ft is a multiple. 
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Figure 26: Tracklines of sub-bottom data collected. 

 
Side-scan sonar data shows good agreement between reciprocal lines and of features observed 
in the bathymetry. The data presents areas of high return, indicating coarse sedimentation as well 
as areas of low return, suggesting softer, less consolidated sedimentation (Figure 22). Significant 
contacts detected in the dataset include numerous tires and debris (Figure 23). Contacts were 
predominately tires (6,343 of the 6,415 contacts). 
Distribution of tires was quantified using the “Point Density” tool within the ArcGIS Pro software. 
For this analysis, the subset of targets identified as “tires” was selected. Parameters for this model 
were set to search a circular radius of an acre in area (~117 ft radius) and report the density in 
units of acres. This approach was taken to produce results The resulting dataset was then 
manually classified into 3 separate and  distinct polygon shapefiles: low (1 -3 tires per acre), 
medium (4 – 20 tires per acre), and high (21 – 83) tires per acre. 
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Figure 27: Side-scan sonar data mosaiced at 0.5 ft resolution. 
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Figure 28: Contacts detected in side-scan sonar data. 
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Figure 29: Polygons depicting areas of high concentrations of contacted identified as tires. 

 
The gradiometer data showed excellent agreement between the individual magnetometers, 
increasing the confidence of apparent magnetometer anomalies. The magnetometer data was 
gridded and the residuals contoured, with results consistent with the side-scan sonar data 
contacts. The central region of the survey extents showed a much higher quantity of magnetic 
returns as compared to the inshore and offshore extents. Additionally, the region directly to the 
northeast of the greatest accumulation of sonar targets contained many magnetic anomalies not 
directly associated with sonar targets. These locations are presumed to potentially be residual 
chain and cable debris from the originial securing of the the tire reefs.  
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Figure 30: Map showing gridded magnetic residuals. White indicates a neutral or regular magnetic 

signal, whereas blue and red highlight areas of magnetic anomalies. 
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Figure 31: Map showing the contours in 5 nT intervals from the gridded magnetic residual surface. 

This data is overlaid on the tire density map with side-scan data as a background. 
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