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EXECUTIVE SUMMARY 
 
Geophysical, geotechnical, and remote sensing investigations have been performed as part of 
a marine site characterization study for the BIWF project proposed by Deepwater Wind.  The 
project involves the construction of a 30 MW turbine array with interconnecting cable (2.1 
miles long) located offshore and southeast of Block Island within state waters.  The proposed 
array contains five 6 MW WTGs that will provide electricity via a transmission cable 
(approximately 6.2 miles in length) to Block Island.   
 
Even though the proposed BIWF project components are located entirely within state waters 
and the Rhode Island Renewable Energy Zone determined by the SAMP, due to the project’s 
association with the BITS project (submarine cable between Block Island and mainland 
Rhode Island) that traverses federal waters, consistency in data acquisition, product 
development, and submittals was desired.  To maintain this consistency, BOEM guidelines 
for collecting and providing geological, geophysical, shallow hazards, archaeological, and 
benthic habitat information were followed (or state requirements if more stringent).   
 
The multi-disciplinary marine investigations conducted for this study were designed to 
provide scientific information on near-field and far-field zones potentially impacted by future 
construction activities.  Objectives of the study were to: (1) characterize/evaluate seafloor 
conditions and underlying shallow stratigraphy, (2) address state and federal marine 
archaeological, benthic, and shallow hazard concerns, and (3) provide information in support 
of state and federal permit requirements and application submittals.   
 
To accomplish the above objectives, tasks completed as part of the marine field program 
included:  multibeam bathymetry, side scan sonar imaging, magnetic intensity measurements, 
shallow and intermediate subbottom profilers, underwater video, and vibratory core 
sampling.  Studies were completed from September 2011 to January 2012 using offshore 
survey vessels designed for specific tasks and experienced scientific crews to efficiently 
conduct the operations and manage the field program.  Multiple vessels worked 
simultaneously to expedite the data acquisition while meeting BOEM requirements, and 
ultimately produce results within the project timeline proposed.   
 
Geologic conditions present on and below the seafloor today are primarily the result of 
glacial processes that took place 10,000-25,000 years ago.  The carving of underlying coastal 
plain strata by an ice sheet over a mile thick, vast accumulations of material deposited by the 
glaciers, modification by meltwater streams during retreat, transformation by fluvial systems 
during subaerial exposure, and the reworking of deposits by shoreline transgression, all 
played an important role in shaping the submarine landscape on the inner continental shelf 
off Rhode Island.   
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Specifically along the BIWF Export and Inter-Array Cable Routes, the seafloor is covered 
predominantly by sand with gravel and coarser materials (cobbles and boulders).  Boulder-
sized material is more abundant in some areas, and sand waves exhibiting relief of 1-2 ft are 
common.  The constituent material is consistent with the position of the Wind Farm in 
relation to the southernmost glacial advance. Subbottom profiles and geotechnical 
information verify similar conditions in the subsurface (sand and gravel), and seismic 
analysis suggests more coarse material may exist in the upper 10-15 ft than is evident on the 
seafloor above.  A number of cores did not penetrate to the planned 10 ft, instead meeting 
refusal at shallower depths in compact sand or at a layer of coarse material.  The only area 
where recent fine grained sediments (silt-clay) have accumulated is in a depression between 
MP 2.0-2.8.  Thick sequences of layered fines at depth infill a valley cut into the underlying 
basement topography in the same area.  
 
In addition to general characterization of surface and subsurface conditions for engineering 
and design purposes, the geophysical data were also reviewed to determine the presence of 
natural and man-made shallow hazards that could impact the project, also of interest to 
BOEM.  The following hazards were considered for their possible existence in the site and 
included as features of interest that were searched for during data review and interpretation.   
 

• Natural seafloor hazards: steep/unstable slopes, mass movement structures, water 
scour, bedforms, hard grounds, diapiric structures, gas/fluid expulsion features, 
faulting expression 

• Natural subsurface hazards: collapse features, shallow water flow, gas hydrates, faults 
and faulting attenuation, mass movement structures, diapiric structures, shallow gas, 
buried channels 

• Man-made hazards: debris, shipwrecks, cables, pipelines, ordnance, cultural resources 
(relict coastal geomorphic features)  

 
None of the identified hazards are believed to pose any significant impediment to the planned 
installation of the BIWF power cable.  However, the abundance of coarse material 
(particularly boulders) in places may increase the difficulty of cable burial deeper below the 
seafloor.   
 
Of the hazards included in the review, only minimal water scour and bedforms (sand waves) 
are evident on the seafloor, buried channels are present in the subsurface, and man-made 
debris is scattered over the bottom.  Geophysical data indicate these features are of limited 
size and areal extent.   
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ACRONYMS 
 
Abbreviation  Definition 
 
OSI  Ocean Surveys, Inc.  
WTG  wind turbine generator 
BIWF  Block Island Wind Farm    
PPA  Power Purchase Agreement 
PUC  Public Utilities Commission 
CRMC  Coastal Resource Management Council (State of Rhode Island) 
SAMP  Special Area Management Plan (Rhode Island Ocean)   
SPI  Sediment Profile Imaging 
APE  Area of Potential Effect 
OCS  Outer Continental Shelf 
BOEM  Bureau of Ocean Energy Management 
RIHPHC Rhode Island Historical Preservation and Heritage Commission  
GPS  global positioning system 
GIS  geographic information system 
NGS  National Geodetic Survey 
NOAA  National Oceanic and Atmospheric Administration 
NAD  North American Datum (of 1983) 
NAVD  North American Vertical Datum (of 1988) 
MLLW  mean lower low water 
GNSS  global navigation satellite system 
USGS  United States Geological Survey 
R/V  research vessel 
TAT  Trans-Atlantic Telecommunications 
HP  horse power 
VHF  very high frequency 
USBL  ultra-short base line  
MP  milepost 
CTD  conductivity, temperature, density 
NMEA  National Marine Electronics Association 
USCS  Unified Soil Classification System 
TVG  time variable gain 
IMU  inertial measurement unit 
 
Units   Definition 
 
miles  statute miles  
nm  nautical miles 
ft  ft / foot 
m  meter(s) 
ft/s  ft per second 
m/s  m per second 
Hz  hertz 
kHz  kilohertz 
ms  milliseconds 
kV  kilovolt 
kW  kilowatt 
MW  megawatt 



  

 
 

Final Report  -- Marine Site Characterization Study,  Page 1 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

MARINE SITE CHARACTERIZATION STUDY 
  

GEOPHYSICAL AND GEOTECHNICAL INVESTIGATIONS 
BLOCK ISLAND WIND FARM 
AND EXPORT CABLE ROUTE  

RHODE ISLAND SOUND-ATLANTIC OCEAN 
OFFSHORE BLOCK ISLAND, RHODE ISLAND 

 

1.0   INTRODUCTION 

 

During the period 19 September 2011 to 11 January 2012, a multi-phase marine site 

characterization study was conducted by Ocean Surveys, Inc. (OSI) in support of a proposed 

30 megawatt (MW) offshore wind farm located 2.5-3 nautical miles (nm) southeast of Block 

Island (Figure 1).  The new wind farm, referred to as the Block Island Wind Farm (BIWF or 

Wind Farm), has been proposed by Deepwater Wind Block Island, LLC (Deepwater Wind), a 

wholly owned subsidiary of Deepwater Wind Holdings, LLC.  The Wind Farm is expected to 

consist of five 6 MW wind turbine generators (WTGs), a submarine cable interconnecting the 

WTGs (“Inter-Array Cable”), and a 34.5 kilovolt (kV) transmission cable connecting the 

northernmost WTG to Block Island (“Export Cable”).   

  

The investigations documented herein were completed under contract with AECOM (Project 

#60218052.500) on behalf of Deepwater Wind.  The BIWF marine site characterization study 

was completed under OSI Project No. 11ES075.   

 

In connection with the Wind Farm, Deepwater Wind Block Island Transmission, LLC, also a 

wholly owned subsidiary of Deepwater Wind Holdings, LLC, proposes to construct a new 

transmission line, the Block Island Transmission System (BITS), between Block Island and 

the Rhode Island mainland.  The project also includes the construction of two new 

substations, one at each end of the submarine transmission line.   

 

The BIWF field program was purposely integrated with the BITS project field investigations 

for survey efficiency and cost effectiveness, as well as to maintain both projects on the 

accelerated schedule proposed for permit submission.  The results of the BITS surveys are 
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included separately in the OSI Report No. 11ES074 entitled, “Marine Site Characterization 

Study, Geophysical and Geotechnical Investigations, Block Island Transmission System, 

Submarine Cable Route, Rhode Island Sound, Block Island to Narragansett, Rhode Island”.   

 

1.1   Project Background 

 

In 2008, the State of Rhode Island conducted a competitive solicitation to select a preferred 

developer for offshore wind projects.  Through this solicitation, which attracted bids from 

seven potential developers, Deepwater Wind was selected as the State’s preferred developer.  

In January 2009, Deepwater Wind executed a joint development agreement with the State in 

which the parties agreed to develop two projects.   The first of these projects, BIWF, is 

designed to supply renewable energy to Block Island while also supporting the construction 

of the first-ever connection between Block Island and the mainland electricity grid (BITS).  

The State of Rhode Island adopted legislation authorizing the purchase by the State’s electric 

distribution company of the output from the BIWF.  State law also calls for construction of 

the BITS.      

 

On June 20, 2010, Deepwater Wind and National Grid executed a Power Purchase 

Agreement (PPA) for the sale of power from the BIWF to National Grid.  The Rhode Island 

Public Utilities Commission (PUC) issued a written order on August 16, 2010 approving the 

PPA.  On July 1, 2011, the Rhode Island Supreme Court upheld the approval of the PUC.   

 

The BIWF has been significantly informed by the State of Rhode Island’s marine spatial 

planning efforts.  The State of Rhode Island, as part of its effort to support the development 

of offshore wind, through the Rhode Island Coastal Resource Management Council (CRMC), 

has completed a comprehensive baseline environmental data collection effort, the Rhode 

Island Ocean Special Area Management Plan (SAMP).  The Wind Farm is located in the 

Rhode Island Renewable Energy Zone, as determined by the SAMP.  

 

Deepwater Wind conducted additional project specific surveys during the summer of 2009, 

when several reconnaissance level survey tasks were undertaken to provide initial data for 
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characterizing the seafloor conditions in the area and refining development plans.  

Reconnaissance survey tasks completed during the summer of 2009 program include 

(tracklines and areas covered shown in Figure 2): 

 
1. Turbine array site investigation southeast of Block Island (blue lines) 
2. Survey lines extending west-northwest from the turbine array site (parallel to 3 mile 

limit) transiting over Southwest Ledge (red lines) 
3. Preliminary BITS route lines connecting Block Island to mainland, concentrating on the 

shoal in the middle of the alignment (green line) 
 

Results from the reconnaissance surveys were presented in the following submittals: 

 
• OSI Final Report # 09ES041 “Reconnaissance Geophysical Investigation, Wind Farm 

Development Site, Off Block Island, Atlantic Oceans, Offshore Rhode Island (23 October 
2009) 

• OSI Letter Report “Summary of Operations and Data Products, Reconnaissance surveys, 
Summer 2009, Proposed Wind Farm Development Block Island (8 October 2009) 

• OSI Project No. 09ES041 Final Drawings #1 (Multibeam), #2 (side scan sonar) and #3 
(subbottom profiles) (6 October 2009) 

• OSI Preliminary Cable Route Side Scan Mosaic Drawing, 4 sheets (12 August 2009) 
 

In addition, during the summer of 2009, Deepwater Wind conducted a Sediment Profile 

Imaging (SPI) analysis of the BIWF in the vicinity of the proposed turbine locations.  Results 

from the SPI analysis were presented in the following submission:  

 
• Sediment Profile and Plan View Imaging Report:  Evaluation of Sediment and Benthos 

Characteristics Along Potential Cable Routes and Turbine Locations for the Proposed Block 
Island Wind Farm.  Prepared by: Ecology and Environment, Coastal Vision and Germano  
& Associates.  (April 2010)  

 

Further seabed assessment was conducted during the summer of 2010 in the vicinity of the 

landfall proposed on the east shore of Block Island.  These reconnaissance surveys were 

performed to map the distribution of eelgrass beds and any hard substrate in the areas.  

Results from these and previous studies were used to modify the cable landfall approaches to 

avoid hard bottom areas and were presented in the following reports:   
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• Eelgrass and Seafloor Condition Survey for Landfall Sites in Narragansett and Block Island, 
Rhode Island.  Prepared by: CoastalVision, LLC, Newport, RI. CV Report 2010-011. (2010) 

 

The Wind Farm and Inter-Array Cable, along with the Export Cable, are located entirely 

within 3 nm of the Block Island coast and are therefore within state waters.  By contrast, a 

portion of the BITS is on the Outer Continental Shelf (OCS) and is therefore subject to 

Bureau of Ocean Energy Management (BOEM) jurisdiction.  Even though BOEM does not 

have jurisdiction over the Wind Farm, to maintain consistency in data collection and data 

available for project design, the Wind Farm survey plan was, to the extent practical, 

developed in accordance with guidelines established by the BOEM (or state guidelines where 

they are more stringent).  The BOEM guidelines were published in a document entitled 

“Guidelines for Providing Geological and Geophysical, Hazards, and Archaeological 

Information Pursuant to 30 CFR Part 285”, dated 21 April 2011.   

 

In addition, the survey program was designed in accordance with applicable elements of the 

Rhode Island Historical Preservation and Heritage Commission’s (RIHPHC) “Performance 

Standards and Guidelines for Archaeological Projects (rev. 2007)”.  Finally, the field 

program contained additional side scan sonar surveys that were conducted to support 

development of a benthic assessment.  In the absence of standard benthic survey guidelines 

from BOEM, additional survey areas were identified based on the protocols recommended in 

BOEM’s Interim Policy Leases for meteorological towers in the Mid-Atlantic entitled, 

“Guidelines for Biologically Sensitive Habitat Field Surveys and Reports.”  

 

The final project design was thus based on the results of State of Rhode Island’s SAMP, 

Deepwater Wind’s reconnaissance surveys, and state and federal recommended survey 

requirements for offshore linear transmission routing and renewable energy related projects.   

 
1.2   Project Objectives 

 

The multi-phase study was designed to provide pertinent data and results in support of the 

BIWF project to: 
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(1)  characterize/evaluate seafloor conditions and underlying shallow stratigraphy in the 
direct (near-field) and indirect (far-field) impact zones where construction activities will 
occur during cable installation  
 
(2)  address state and federal marine archaeological, benthic, and shallow hazard concerns  
 
(3)  provide marine scientific information in support of state and federal permit requirements 
and application submittals 
 

1.3   Project Tasks 

 

In support of the project objectives stated above, the following marine survey tasks were 

completed as part of the site characterization study.  Survey methods were tailored 

specifically to the required resolution and depth of interest for each project area and are 

detailed in the next section.   

 
 • Hydrography (depth sounder):  to determine water depths and reveal the existing 

bottom topography by means of multibeam and single beam depth sounding techniques 
 
 • Seafloor imaging (side scan sonar):  to identify geomorphologic variations and 

natural and man-made targets present on the bottom using surficial acoustic imaging 
techniques 

 
 • Magnetic intensity measurements (magnetometer):  to measure variations in the 

earth’s total magnetic field to identify ferrous objects on and below the seafloor  
 
 • Shallow subbottom profiling (chirp):  to map shallow subsurface sediments and 

geologic features      
 
 • Intermediate subbottom profiling (boomer):  to map stratigraphy and geologic 

features deeper below the seafloor     
 
 • Geotechnical sampling (vibratory corer):  to directly sample the upper 10 feet (ft) 

of seabed materials to document composition and ground truth shallow seismic profile 
interpretations  

 

Additional survey tasks were performed as a result of site conditions identified during the 

primary site characterization study and in response to specific data requests.  These included:   
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 • Video inspection (underwater camera):  to visually inspect and document benthic 

habitats on the seafloor  
 
 
OSI provided all the results from the BIWF seafloor and subsurface characterization study to 

the project team’s benthic specialist and marine archaeologist for their professional 

assessment and identification of biologically sensitive habitats and cultural resources that 

may be present in the areas of interest.  Please refer to those separate reports for 

documentation of the benthic and archaeological results.   

 
2.0   DATA ACQUISITION DESIGN 

 

A survey plan and procedural approach was developed for the project, which outlined the 

survey coverage and general methodology to be implemented for this investigation.  The 

survey plan was documented and approved prior to commencement of the field program in 

the OSI report entitled, “Final Survey Plan, Marine Geophysical Investigation, Block Island 

Wind Farm, Submarine Cable Routes and Wind Turbine Area of Potential Effect, Offshore 

Block Island, Rhode Island” (2 September 2011).   

 

Based on the 2009 geophysical reconnaissance data and SPI work in the BIWF area, final 

WTG locations and an Export Cable alignment were chosen.  Determination of coverage and 

line spacings was based on previous offshore utility project experience and the requirements 

of state and federal agencies providing oversight of the BIWF project.  In addition to the 

guideline documents, BOEM recommendations and requirements were transmitted to 

Deepwater and OSI during a pre-survey meeting prior to the field program.  The following 

general areas of interest were defined for the study (Figure 3):   

 
1. Area of Potential Effect - Direct (APE-Direct) is an area that Deepwater Wind 

expects direct impact during construction of the Wind Farm.  The APE-Direct 
provides sufficient area (approximately 300 m width centered on the turbines, Inter-
Array Cable, and Export Cable) for a jack-up vessel to install the WTGs and 
submarine cables. 
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2. Area of Potential Effect – Indirect (APE-Indirect) is an area that may be impacted 
if a derrick barge is used during construction of the Wind Farm.  In this case, the 
anchor spread of a derrick barge would have a much larger area of potential effect 
compared to a jack-up vessel.  The Area of Potential Effect – Indirect provides 
sufficient area for the expected anchor spread of a derrick barge, as modeled based on 
water depth and standard catenary calculations (approximately 3,000 m centered on 
the Inter-Array Cable).  Although a derrick barge would have a larger area of effect 
compared to the jack-up vessel due to the anchor spread of the derrick barge, the 
effect would be comparatively superficial and limited to the installation barge’s 
anchor placement and cable sweep.   

 
 

2.1   Geophysical Investigations 

 

To evaluate the APE-Direct, marine geophysical surveys were performed within a 300-meter 

(m) wide corridor centered on the proposed BIWF Export and Inter-Array cable routes in 

accordance w/BOEM guidelines and summarized in the approved survey plan.  Multibeam 

depth, magnetometer, and chirp subbottom data were recorded along 11 tracklines oriented 

parallel to the proposed cable route and spaced 30 m apart.  Figure 4 illustrates the 

geophysical data acquisition plan and trackline coverage.  Additional multibeam fill-in lines 

were surveyed in shallow water at the Block Island landfall to attain full bottom coverage 

there.  Side scan sonar imagery was acquired at a 75 m sweep range along the proposed route 

centerline as well as along 60 m and 120 m offsets to either side.  Data acquisition was 

conducted as close to shore as possible, to a point where it was unsafe to navigate the vessel 

due to shallow water and/or potential obstructions.  Figure 5 illustrates the survey tracklines 

completed and the inaccessible area (less than 500 ft through the surf zone) adjacent to the 

Block Island shore.   

 

The chirp shallow subbottom profiling system was configured to record subsurface 

information to a total depth of 65 m, equivalent to at least 25 m below the seafloor in the 

deepest section.  Deeper penetrating boomer data (intermediate subbottom profiler) were 

collected along the route centerline and in areas requested by the project archaeologist based 

on preliminary review of the chirp profiles.  Offsets were also surveyed over shoals where 
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coarser materials limited chirp penetration.  The seismic acquisition system for the boomer 

was set to record a 330 millisecond (ms) total time section equivalent to a 250 m depth 

profile (825 ft) using a 1,524 m/s (5,000 ft/s) average sediment velocity.  As a means of 

providing quality control and confirmation of depth, magnetometer and chirp subbottom data 

acquired along the primary tracklines, additional data were acquired along a series of cross or 

“tie” lines set perpendicular to the cable route and spaced 150 m apart.   

 

Areas of potential post-contact period archaeological sensitivity were defined by the project 

archaeologist (Figure 6) as those portions of the cable corridor (APE-Direct) exhibiting less 

than 100 ft of water.  This included all of the Export Cable route except from MP 2.0 (Station 

105+60) to MP 3.3 (Station 174+50).  Within these areas, additional magnetometer and chirp 

data were acquired along tracklines spaced 15 m apart and side scan sonar imagery was 

collected along 30 m spaced tracklines using a 75 m sweep range.   

 

For the BIWF APE-Indirect, an additional 1,300 m wide swath was surveyed, beyond the 

APE-Direct (300 m corridor) in both directions, using a 150 m trackline spacing with the full  

geophysical instrument spread that included a multibeam depth sounder, chirp subbottom 

profiler, side scan sonar (100 m sweep), and marine magnetometer (Figure 7).  This results in 

a total survey swath of approximately 3,000 m centered on the Inter-Array Cable and 

proposed WTGs.  For quality control, two tielines were surveyed perpendicular to the 

primary, route-parallel tracklines purposely positioned to cross both the APE-Indirect and 

APE-Direct (300 m corridor) lines surveyed.   

 

In areas designated as potentially significant benthic habitats within 1 kilometer (km) of the 

proposed centerline (i.e. those areas where Rhode Island geographic information system 

(GIS) substrate layers show the presence of glacial moraine or other potential hard bottom 

conditions), additional side scan sonar imagery (75 m sweep range along 150-m spaced 

tracks) was acquired to confirm surficial sediment boundaries (Figure 8).  Where these 

conditions paralleled the Export Cable route, the survey was extended approximately 100 m 

beyond the GIS boundary (where it is within 1 km of the centerline) to ensure that the edges 

of hard bottom areas were accurately delineated.   
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2.2   Geotechnical Sampling 

 

Vibratory core stations were generally laid out along the BIWF cable route centerlines at 0.5-

0.7-mile (2,640-3,695 ft) increments with additional stations near landfalls and in areas of 

special interest (Figure 9).  A total of 16 stations were occupied on the cable routes, with 

most stations (13) sampled to obtain engineering (physical) sediment properties, one sample 

stations was designated for environmental (chemical) analyses, and two others were 

requested for archaeological purposes (see Appendix 2).  Cores were planned for a maximum 

penetration of 10 ft below the seafloor with multiple attempts made at many stations to 

achieve better penetration.  Core samples were delivered to AECOM onsite who was 

responsible for all handling, transport, lab analyses, data workup, and reporting.  Engineering 

cores were transported offsite while some environmental cores were split and subsampled 

onboard the vessel.  Logs and photographs of the engineering cores were subsequently 

provided to OSI by AECOM following completion of those tasks.   

 

2.3   Underwater Video  

 

To supplement the benthic habitat assessment, underwater video imagery was recorded in 

suspected hard bottom areas specified by the project biologist.  These included video 

transects VT-1 to VT-14 located at the seaward end of the Inter-Array Cable route past MP 8, 

spread out over the full width of the APE-Indirect area, and transects VT-15 to VT-18 

located east of the Export Cable route between MP 4.1-5.3 (Figure 10).  Continuous digital 

video imagery was acquired along a series of short transects oriented parallel to the cable 

route and APE geophysical tracks.  Correlation of the video to location on the seafloor is 

accomplished by syncing time on all systems in the field, so that time tags on the post-survey 

trackline plots match the time recorded on the video display.   

 
3.0   FIELD OPERATIONS SUMMARY  

 

The BIWF field program was completed using a variety of survey and sampling equipment 

operated by numerous field crews working on multiple survey vessels, often simultaneously 
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to expedite the data acquisition.  Components integral to the investigations are summarized in 

the following sections.   

 

3.1   Survey Instrumentation 

 

The following list and Table 1 summarize the scientific equipment used for all the various 

phases of this project.  A complete discussion of this equipment, along with the operational 

procedures employed to collect the data, can be found in Appendix 5.   

 
  Navigation and Positioning: 

•   Applanix POS MV Differential Global Positioning System, 
includes gyro compass and motion sensor (heave, pitch, roll)   

    •   Applanix POSPAC Mobile Mapping Suite 
    •   HYPACK Navigation Software 

• LinkQuest Tracklink 1500 Acoustic Tracking System 
 
  Seafloor Mapping and Inspection: 
   •   Klein 3000 Dual-Frequency Digital Side Scan Sonar System 
   •   Geometrics G882 Cesium Marine Magnetometer  

• Reson SeaBat 7101 Focused Multibeam Echosounder 
• Innerspace Model 448 Single Beam Depth Sounder 
• Sea-Bird Electronics SBE19plus SEACAT Profiler  
• Simrad Osprey 9030 Color Underwater Camera  

 
  Subbottom Profiling: 
   •   EdgeTech 3200XS “Chirp” Subbottom Profiling System 
   •   Applied Acoustics 200J “Boomer” Seismic Reflection System 
 
  Geotechnical Sampling: 
   •   OSI Model 1500 Vibratory Corer 
 

Table 1  
Survey Equipment Summary 

 
Equipment System Function 

Applanix POS MV GPS 
with Trimble ProBeacon 
differential receiver  

Satellite positioning system which uses differential correctors from a US Coast 
Guard reference station to provide reliable horizontal positioning (+/-1 meter).  
The system outputs position fixes at a rate of 5-10 per second to an onboard 
navigation and data logging computer that allows the vessel helmsman to 
accurately navigate the vessel along pre-selected survey tracklines.  System 
includes inertial motion sensor (pitch, roll, heave) and compass for reliable 
heading measurements.   
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Equipment System Function 

Applanix POS Pac Mobile 
Mapping Suite 
 

The POSPac MMS is the next generation software for direct georeferencing of 
survey sensors using GNSS and inertial technology, specifically integrated 
with the POS MV for marine mapping applications. Raw POS MV horizontal 
and vertical position measurements are adjusted for the differential corrections 
from the CORS network reference stations and simultaneously processed along 
with the inertial measurement unit (IMU) data using Applanix IN-FusionTM 
technology. This robust process solves for GNSS ambiguities (ie. outages, 
atmospheric delays) to produce accurate final vessel position and orientation.   

HYPACK navigation 
software 

Sophisticated navigation software operating on a data logging computer that 
provides real time trackline control (helmsman steerage for survey lines), 
digital data recording, and position interfaces for all equipment systems.  The 
HYSWEEP module also logs all the data from the multibeam sounding system 
and heading and motion sensors.  This package allows the simultaneous 
acquisition of data from multiple systems correlating all by vessel position and 
time.  

Link Quest TrackLink 1500 
USBL underwater  
positioning system 

Ultra short baseline (USBL), underwater positioning system designed for 
tracking deployed sensors from a vessel.  System interfaces with the Trimble 
GPS as well as motion and gyro sensors to provide real time coordinates for 
sensors separated from the vessel navigation.  Beacons operate in the 31 to 43 
kHz range and were used to track the side scan sonar and magnetometer 
sensors.   

Klein 3000 dual frequency 
side scan sonar  

Side-looking sonar which transmits and receives frequency bandwidth signals 
in the 100 and 500 kHz ranges from transducers mounted on an underwater 
towfish that is towed by the survey vessel.  The output from the side scan 
sonar is essentially analogous to a high angle, oblique acoustic "photograph" 
providing detailed representations of bottom features and characteristics.  The 
side scan sonar will be operated at 50-75 m sweep range and is capable of 
providing image resolution of small discrete targets of 0.5-1.0 m in diameter.   

Geometrics G882 cesium 
marine magnetometer 

Marine magnetic sensor designed to detect ferrous objects on or beneath the 
bottom.  The magnetometer, which acquires measurements of the earth’s total 
magnetic field intensity to 0.1 gamma accuracy, uses an underwater sensor.  
During acquisition the magnetometer will be towed approximately 6 m above 
the bottom.  The magnetometer sensor measures magnetic intensity values 10 
times per second and features an altimeter that provides height of the sensor 
above the bottom.  

Reson SeaBat 7101 
multibeam echosounder 

The SeaBat 7101 measures up to 40 swaths per second with up to 511 
individual soundings equidistant in each swath using a 240 kHz signal.  This 
swath configuration provides complete bottom coverage over a 150° wide by 
1.5° long geometrically correct cross section.  Real time roll stabilization 
combined with the equidistant sounding density maximizes usable swath 
width.  

Innerspace Model 448 
Digital Depth Sounder 
 

Microprocessor controlled, high resolution, survey-grade depth sounder that 
operates at a frequency of 200 kilohertz, providing precise water depth 
measurements below the transducer.  Sound speed correction allows fine 
tuning of real time depth soundings.  Depths recorded in digital and graphic 
formats to a tenth of a foot.   

Sea-Bird 19plus CTD 
profiler 

Vertical water column profiler which measures conductivity, temperature, and 
density 4 times per second in up to 600 m of water.  For this project, the CTD 
profiler is critical for obtaining sound velocity measurements through the water 
column for adjusting the depth values obtained by the multibeam depth 
sounding system, as well as applying sound velocity to the USBL tracking 
system.   
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Equipment System Function 

Simrad Osprey 9030 Color 
Underwater Camera 
 

A high resolution, color underwater camera which can be towed on a sled or 
used in hand held mode by diver.  The camera is low light sensitive, ideal for 
minimal ambient light conditions, when the attached light reflects too much off 
drifting debris in the water. Provides direct visual documentation of bottom 
conditions.  Digital video recorded on multiple DVD disks in real time for later 
playback, review, and archival.   

EdgeTech 3200XS “chirp” 
subbottom profiler 

Shallow subsurface profiler that generates an intense, short duration acoustic 
pulse in the water column in the range of 2-16 kHz.  The high acoustic 
frequencies used by this system are intended for increased resolution of layers 
in the shallow subsurface.  Vertical bed resolution of at least 0.3 m in the 
uppermost 15 m below the mudline is common. 

Applied Acoustics 200J 
“Boomer” subbottom 
profiler 

Intermediate subsurface, seismic reflection profiler that generates a high 
energy acoustic pulse in the water column in the range of 0.5-8 kHz.  System 
includes a 200 joule sound source and 8 element hydrophone array with 
seismic control unit for real time processing, filtering, TVG, and display.  The 
system is designed for increased penetration and imaging of stratigraphy 
deeper below the bottom.    

OSI Model 1500 Vibratory 
Corer 
 

Pneumatically powered coring device designed to collect marine sediments 
inside a 3.5-4 inch diameter barrel from the upper 10 ft below the seafloor.  
The Model 1500 vibratory corer features a stand to prevent the unit from 
falling over in deep water or high currents and a penetrometer to measure how 
far the core barrel has advanced into the bottom.  The geotechnical information 
obtained from the cores is important for ground truthing the subbottom profiles 
and developing a geologic cross section.   

  

 

Primary geophysical systems used for the site characterization study were run simultaneously 

wherever necessary, in a manner to reduce acoustic interference.  Multiple sonar systems 

operating simultaneously (multibeam, side scan sonar, subbottom profiler), especially using 

overlapping frequencies, have a tendency to exhibit cross talk, the over-writing of one 

system’s signals on another.  This effect was minimized during the investigation by the 

lateral separation of acoustic systems as well as the application of minimal signal transmit 

and/or receiver gain while still acquiring high quality data.   

 

On the geophysical vessels, a side scan sonar sweep range of 75-100 m was used with 

towfish heights maintained at 10-15% of the sweep range (nominally 7-12 m).  The 

magnetometer sensor was towed directly behind and slightly below the side scan sonar 

towfish at a planned height of 6 m or less, except where shallow water forced reduced sensor 

heights.  Analysis of the magnetometer altimeter values revealed sensor heights of 6 m or 

less were recorded over 98.4% of the survey.  Brief fluctuations above 6 m were due to a 
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variety of onsite conditions, including along track changes in speed-over-ground (the affect 

of tidal currents, wind, seas on vessel maneuvering), minor height adjustment of the side scan 

towfish for optimum image quality, turning points in the route and lines, obstruction 

avoidance, and vessel speed adjustments to compensate for the aforementioned conditions.  

Overall, the sensor height never exceeded 7 m during the entire survey (total trackline 

mileage ~375 nm).  In addition, sensitivity of the marine magnetometer used for this survey 

(0.004 gammas) is much higher than the lower limit (1 gamma) stated in the BOEM 

guidelines.   

 

The Reson 7101 multibeam system was used primarily to collect swath bathymetry over the 

survey corridor and other areas of interest.  Single beam hydrography was performed on 

some lines outside the primary 300 m wide corridor and close to shore where the larger 

offshore vessel could not access.  All digital sounding data were interfaced to 

HYPACK/HYSWEEP along with heave, pitch, and roll data from the POS MV inertial 

measurement unit (IMU).  This motion information is critical for open water work where 

swell and chop can cause a deterioration of data quality (the effects of the sea conditions are 

removed during post-survey processing of the data set).  NOAA predicted and observed 

tides, along with the NGS reference stations, provided reference to the project’s vertical 

datum while multiple CTD profiles were collected over the course of each day for sound 

speed adjustments.   

 

Subsequent vibratory coring and underwater video inspection were conducted independently 

on separate vessels due to differences in scope of work and required support equipment.  

Vibratory core samples were collected from the upper 10 ft of the seabed along the entire 

route.  Cores were typically positioned within 5 ft of the planned location.  Once the rig was 

back on deck, the core liner was removed from the barrel and the sample was cut into 

appropriate lengths and stored upright in a core stand/rack until arriving at the dock, where 

the cores were offloaded and handled by AECOM for transport to the laboratory for analysis.   

 

Video documentation of benthic habitats was performed using a high resolution underwater 

color camera towed 1-4 feet above the seafloor for optimum resolution of bottom features.  
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The camera was mounted on a tow sled and positioned using the TrackLink USBL system.  

In order to achieve high quality video that was adequate for visual inspection of the benthos, 

speed-over-ground for this survey was maintained at 0.5-1 knot.  The towsled/camera was 

also occasionally rested on the seafloor to stop movement entirely and get a close-up of 

benthic conditions.  Project biologists were onboard the vessel during the operations and 

reviewed video in real time as well as assisted with directing the camera operator to view 

features of interest.   

 

3.2   Vessels 

 

Three separate vessels were used to support the various survey and sampling tasks required 

for this project.  Vessels utilized for this offshore field program were sturdy, highly 

maneuverable work platforms capable of handling the often difficult sea conditions 

encountered during the winter season in southern New England.  Vessels were equipped with 

a full assortment of safety gear, including standard PFD’s, work vests, cold weather 

immersion suits, an automatic inflatable life raft, and an Emergency Position-Indicating 

Radio Beacon (EPIRB) to signal maritime distress, if necessary.  A full suite of standard 

vessel navigation equipment (radars, VHF radios, GPS plotters, cellular and satellite phones, 

etc.) were onboard the vessels to provide safe transport, security, and continuous 

communications while offshore.  Float plans were submitted to the local U.S. Coast Guard 

Station prior to commencement of field activities to alert the station to anticipated survey 

logistics and specific contact information for each work platform.  

 

Vessels used to conduct offshore operations for the BIWF project have been described 

below.  Over 95% of the geophysical surveys were performed by the R/V Ocean Explorer, 

while some special tasks and nearshore fill-in were completed by the R/V West Cove.   

 
Ocean Explorer 

The R/V Ocean Explorer is a 60-foot aluminum hulled, C. Ray Hunt designed vessel with a 

17-foot beam and 6-foot draft featuring twin Iveco (2007) 1020 HP diesel engines (Figure 

11).  The Ocean Explorer is equipped for offshore survey work and is fitted with a stern 
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mounted A-frame and hydraulic winch to provide efficient subsurface tow capability for 

geophysical sensors.  Davits and electric winches located amidship provide the handling 

capability for other deployed sensors, such as the chirp towsled and multibeam transducer.  A 

20 kilowatt (kW) main generator (Northern Lights) and a 16 kW backup generator provide 

power for this sturdy platform.  The vessel is outfitted for year round service for either day 

excursions or short endurance missions, holding 400 gallons of fresh water and 1,800 gallons 

of fuel.   

 

A spacious interior salon provides ample room for scientific electronics and accommodates 

up to 5 scientists or observers.  The Ocean Explorer features a lower navigation station 

(helm) in addition to the large, fully enclosed hard top pilothouse where the primary steering 

station and navigation instruments reside.  Vessel cruising speed is nominally 20 knots with a 

maximum speed of 28 knots.   

 

West Cove 

The R/V West Cove is a 42-foot Duffy with 14.5-foot beam and 4.5-foot draft featuring twin 

Caterpillar 350 HP diesel engines, hydraulic winches and an A-frame for handling towed 

sensors off the stern, and a large cabin for housing the survey electronics (Figure 12).  A 

hydraulic pot hauler with davit on the starboard side provides the handling capabilities and 

tow point for additional sensors.  A 7 kW generator provides plenty of electrical output for 

the vessel and scientific equipment.  The West Cove is especially suited for nearshore day 

excursions with ample range (two 250 gallon fuel tanks) and cruising speed of 20 knots.   

 

Connecticut 

The R/V Connecticut is a 76-foot long steel-hulled vessel with a 26-foot beam and 8.5-foot 

draft, owned and operated by the University of Connecticut Marine Science Department 

(Figure 13).  The vessel contains ample interior lab space, open deck area, and handling 

equipment for a wide variety of scientific operations.  The vessel has a single screw diesel 

Caterpillar engine capable of a 10 knot cruising speed, as well as bow and stern thrusters for 

tight maneuvering and onsite positioning of deployed sensors.  A Kongsburg/Simrad 

dynamic positioning system interfaces all the propulsion units allowing the vessel to 
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accurately maintain station without anchoring.  The Connecticut has a multitude of handling 

gear including a stern A-frame, oceanographic winches, deck crane, trawl winches, a capstan, 

and a 14-foot inflatable support work boat.  The vessel is outfitted for year round coastal 

service for either day excursions or 7 to 10 day endurance missions, holding 2,400 gallons of 

fresh water and 5,500 gallons of fuel. 

 

Vibratory core operations were optimized onboard the Connecticut which is a highly efficient 

platform for deep water coring due to its dynamic positioning system (bow and stern 

thrusters interfaced to navigation).  This vessel capability allowed the vibratory core 

operations to be performed without anchoring, saving significant time on the water.   

 

3.3   Survey Crews 

 

Scientific teams were assembled to provide experienced field crews specifically tailored to 

each project task.  Field teams were supported by a group of data processing and analysis 

personnel in the Connecticut office dedicated to the project.  The following OSI personnel 

participated in the multi-phase field investigations completed for the BIWF project:  

 
Primary Geophysical Survey (Ocean Explorer) 
 Justin M. Bailey  Senior Geophysical Project Manager 
 John R. Ayer   Geophysical Electronics Technician  
 Bonnie L. Johnston  Senior Hydrographic Scientist 
 Kyle R. Orde   Electronics Technician/First Mate 
 George Main II  Captain, Chief Mechanic 
 
Supplemental Geophysical & Underwater Video (West Cove) 
 John G. Wetmur  Senior Oceanographic Scientist 
 John D. Sullivan  Geophysical Section Manager 
 Greg L. Schulmeister  Environmental Scientist 
 Carl E. Cantrell  Electronics Technician 
 Nate Bean   Captain, Chief Mechanic 
 
Geotechnical Survey (Connecticut) 
 Robert M. Wallace   Senior Project Manager 
 Kevin O. Murphy  Senior Geotechnical Specialist 
 Michael D. Lincoln  Geotechnical Assistant 
 Daniel Nelson   Captain 
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 Marc Liebig   First Mate 
 Frank Boccia   Engineer 
 Aaron Kaufman  Deck Hand 
 Bob Dillard   Cook 
 

Additionally, John Sullivan (OSI Geophysical Program Manager) assisted with the 

commencement of the geophysical field program as coordinator and project team liaison.  

Cultural resource representatives from Fathom Research (David Robinson, Marine 

Archaeologist), the Narragansett Indian Tribal Historic Preservation Office (Doug Harris and 

John Brown), and the Wampanoag Tribe of Gay Head (Aquinnah) Tribal Historic 

Preservation Office (Jonathon Perry and Elizabeth James-Perry) were onboard the Ocean 

Explorer for the majority of the field work.  Other individuals who participated as observers 

include: Paul Murphy and Bryan Wilson (Deepwater Wind), Allen MacPhail (Powers 

Engineering), and Rich Michalewich, Donald Schall, Suzy Baird, Kaitlin Hartman, and Keith 

Robinson (AECOM).  Certified AECOM personnel served as marine mammal observers 

(MMO) during the field program.   

 

During the geotechnical operations aboard the Connecticut, in addition to the vessel and OSI 

crew members, the following observers were onboard on 4 January 2012:  Paul Murphy 

(Deepwater Wind) along with Tom Bellow, Lou Ferreria, and Rich Michalewich (AECOM).  

In support of onsite processing and sampling of the environmental cores collected for 

chemical analyses, Stacy Doner, Paula Winchell, and Steve Aubrey (AECOM) were onboard 

6 and 10 January 2012.  AECOM representatives received the core samples onsite and were 

responsible for all logistics once off the vessel.   

 

Project biologists onboard the vessel during underwater video operations included Kim 

Payne and Deborah Rutecki from Normandeau Associates.   

 

3.4   Horizontal and Vertical Control 

 

Navigation and positioning of the survey vessel were accomplished using an Applanix POS 

MV differential global positioning system (DGPS) interfaced to a navigation computer 
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running HYPACK software.  Differential correctors were received from the U.S. Coast 

Guard reference station in Acushnet, Massachusetts (306 kHz at 200 bps) by the Trimble 

ProBeacon receiver interfaced to the POS MV system.  Geodetic position data output by the 

DGPS were converted by HYPACK navigation and data acquisition software in real time to 

the Rhode Island State Plane Coordinate system (Zone 3800) and referenced to the North 

American Datum of 1983 (NAD 83) in ft.  Navigation checks were performed at the 

beginning and end of each day at the marinas where the vessels were docked to ensure the 

DGPS was providing accurate horizontal positions.  In this configuration, the manufacturer’s 

state an accuracy of +/- 1 meter is typical, however, positioning repeatability of less than a 

meter is commonly observed in the field.  Points used for these daily checks have been listed 

in Table 2 below.   

Table 2 
Project Control 

 
Control Point 
 

Position * Description 

Payne’s T-Dock N    36311.65 
E  307361.12 

Great Salt Pond on Block Island, RI; point is marked by a 
stainless steel screw located at the seaward end of the main T-
dock at Payne’s Marina 

Payne’s Short  
T-Dock 

N    36229.43 
E  307433.21 

Great Salt Pond on Block Island, RI; point is marked by a 
stainless steel screw located at the seaward end of the shorter T-
dock at Payne’s Marina 

*Note:  Position coordinates referenced to the Rhode Island State Plane Coordinate System, Zone 
3800, in ft (NAD83).    

  
 

Vertical reference for the field investigations was Mean Lower Low Water (MLLW) based 

on predicted and observed tides for NOAA (National Oceanic and Atmospheric 

Administration) stations bordering the survey areas in Rhode Island Sound.  In addition, to 

account for tidal staging during each survey day and over the full duration of the field 

program, the Applanix POSPac Mobile Mapping Suite (MMS) application was used to 

record vessel position and elevation for additional comparison with the NOAA tide gauge 

measurements.   
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Following completion of the survey, POSPac MMS integrates recorded POS MV global 

navigation satellite system (GNSS) and inertial aided position files with reference receiver 

data imported via the internet.  The system uses the CORS (Continuously Operating 

Reference Stations) network established and maintained by the National Geodetic Survey 

(NGS).  The POSPac application automatically selects and downloads the best-fit solution of 

network receivers to cover the survey area, and performs a quality check on the reference 

data to provide some of the highest level positioning possible.  POSPac is ideal for studies 

conducted over wide areas to take advantage of established reference stations and eliminate 

the time and cost associated with standard kinematic positioning that may require one or 

more local GPS base stations.  The combination of the POS MV and POSPac software 

allowed accurate georeferenced and motion compensated water depth information to be 

obtained for the project, referenced to the MLLW datum.    

 

3.5   Summary of Field Program and Procedures 

 

Table 3 below provides a general chronology of the tasks completed during the BIWF field 

program.  Operations were based out of the Great Salt Pond on Block Island.   

 
 

Table 3 
General Chronology of Field Program 

 
Task 
 

Dates Description 

Offshore, primary geophysical operations (Ocean Explorer)  
Mobilization 12-18 September 2011 Load, test, secure geophysical equipment and 

handling gear 
Survey Operations 19 Sept. to 17 Nov. 2011 Transit to and from the site, onsite calibrations, 

perform offshore marine geophysical surveys 
Demobilization 19 November 2011 Return to home port 

Supplemental geophysical & underwater video operations (West Cove) 
Mobilization 10-15 November 2011 Load, test, secure remote sensing equipment and 

handling gear 
Survey Operations 16-22 November 2011 Onsite calibrations, nearshore geophysics and 

boomer profiling 

 5-7 December 2011 Underwater video surveys 

Demobilization 8 December 2011 Return to home port 
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Task 
 

Dates Description 

Geotechnical operations (Connecticut) 
Mobilization 2-3 January 2012 Load, test, secure vibratory corer and support 

equipment 

Survey Operations 4-11 January 2012 Collect vibratory cores 

Demobilization 12 January 2012 Return to home port 
 

In addition to maintaining a safe work environment during all field tasks, an equally high 

priority was the quality of the survey, which includes up-to-date geophysical techniques, 

equipment, methodologies and procedures, much of which was outlined in the BIWF Survey 

Plan document.  Quality assurance and quality control practices are in place for every step of 

the program.  This includes careful maintenance, system checks, and calibration of all 

equipment in the lab prior to mobilization, as well as onsite calibration of equipment after 

full systems integration onboard the vessel.  Refer to Appendix 7 for details concerning 

calibration methods and results.   

 

Record quality was maintained at a high standard in the field since survey operations were 

always halted when poor weather conditions reduced data quality to an unacceptable level.  

Under suitable weather conditions, survey operations were typically conducted at a 3-4 knot 

speed with little to no ambient noise affects.  As sea conditions deteriorated or tidal current 

speed increased, survey speed was reduced to maintain acceptable data quality.  Weather 

limitations for ensuring high quality data cannot be strictly defined, as the factors affecting 

the vessel, geophysical sensors, and resulting data are variable and include wind speed and 

direction, distance offshore, sea state (height and period), and trackline orientation relative to 

the seas.  For example, the survey may be able to continue under 4-6 ft seas with a 10-15 

second period, however, operations would certainly stop given the same wave height but a 

shorter period (3-6 seconds).  Weather conditions during the field program were documented 

in the survey logsheet and are included in digital Appendix 8 (on the accompanying DVD).   

 

To increase data quality and resolution under degrading conditions, vessel heave, pitch, and 

roll were compensated for using measurements from the Applanix IMU, which includes a 
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motion sensor and gyro compass, to accurately position sounding points on the seafloor.  

Furthermore, internal swell filters on the chirp and boomer subbottom acquisition units allow 

sea swell effects to be removed in real time, enhancing record interpretability in the field and 

for post-survey review.   

 

Minor equipment malfunctions that did occur were dealt with immediately by stopping data 

acquisition, turning the vessel offline and transiting back to where the problem occurred, and 

restarting data collection again prior to the point of equipment mishap.  Any equipment 

issues are detailed in the field survey logsheets included in digital Appendix 8.  When 

occasional vessel traffic and fishing gear caused the off-track margin of error (nominally +/-

5% of track spacing) to be exceeded, that portion of the survey line was rerun.  Operations 

were also discontinued by the MMO due to potential marine mammal sightings.  After the 

required shut-down period (no sonar pinging in the water column) with continual mammal 

monitoring and no additional sightings, survey operations were restarted and data acquisition 

overlapped where the stoppage occurred.   

 

Since all sensor laybacks and offsets are incorporated into HYPACK and individual system 

topside computers, providing true sensor geographical positioning in real time, a review of 

all geophysical data at intersection points of survey tracklines (cross lines) reveals excellent 

correlation.  Quality control of the processed data and statistical results are discussed further 

in Appendix 7.  Figures 14 and 15 illustrate the equipment layout and configuration aboard 

the two geophysical vessels used for these investigations.   

 

In addition to the real time quality control performed as the survey progresses, daily review 

of raw data is conducted on the way back to port to check record quality.  Any areas where 

marginal information was collected as conditions deteriorated were identified as 

reruns/holidays and subsequently covered by another survey line.  Based on field review and 

post-survey processing of data, there were no apparent problems with the geophysical data 

that hampered the ability of OSI scientists to interpret surface and subsurface geologic 

features and hazards.  Existing site conditions (gravel, cobbles, boulders, in the nearsurface) 

were the only deterrent to interpreting geologic information deeper below the seafloor.   
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4.0   OVERVIEW OF DATA ANALYSIS AND PRESENTATION 

 

4.1   Personnel  

 

The following scientific staff at OSI headquarters in Old Saybrook, Connecticut participated 

in the various stages of data processing, analysis, interpretation, correlation, and compilation 

of results.   

 
Hydrographic Data Processing 
 Joseph J. DiPalma Hydrographic Scientist 
 Rachel K. Griffin Hydrographic Data Processor 
 Alex G. Unrein Hydrographic/Environmental Scientist 
 Joseph V. Tyler Hydrographic Scientist 
 
Geophysical Data Processing and Interpretation 
 Jeffrey H. Hall  Senior Geophysical Scientist   
 Margaret H. Sano Senior Geophysical Scientist 
 Jesse H. Baldwin Geological Scientist 
 Kerry H. Cutler Environmental Scientist 
 Jeffrey D. Gardner Senior Geophysical Project Manager 
 
Drafting  
 Angela M. Rizzo  Senior Graphics Designer 
 David T. Somers Hydrographic Data Manager 
 
Reporting 
 Jeffrey D. Gardner Senior Geophysical Project Manager 
 Jeffrey H. Hall  Senior Geophysical Scientist   
 
Quality Control 
 David T. Somers Hydrographic Data Manager 
 Margaret H. Sano Senior Geophysical Scientist 
 Jeffrey D. Gardner Senior Geophysical Project Manager 
 John D. Sullivan Geophysical Section Manager 
 Ted A. Nowak  General Manager 
 

The following paragraphs summarize the analysis, interpretation, and characterization that 

were completed on the geophysical datasets.  For a more detailed description of processing 

steps performed on the data acquired from each system (multibeam, side scan sonar, 

magnetometer, chirp, and boomer) please refer to Appendix 6.   
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4.2   Seafloor Characterization  

 

Surficial features were mapped and reviewed using data from the multibeam and single beam 

depth sounders as well as the side scan sonar system.  Individual acoustic targets as well as 

areas of stronger amplitude acoustic reflectivity on the sonar images suggestive of coarser 

material (gravel, cobbles, boulders), man-made obstructions, or benthic communities were 

mapped.  Sonar targets were differentiated by lateral size and height above the bottom as well 

as acoustic characteristics that might suggest their origin as natural or man-made.   

 

Surficial Sediment Mapping  

Side scan sonar imagery represent acoustic returns that are indicative of different reflectivity 

and texture of surficial materials on the seafloor.  General categories of reflectivity are listed 

and described briefly below.  These categories are based on the interpretation of the sonar 

records that have been correlated with surface materials observed in the core samples.  

Correlation with the geotechnical information allows the reflectivity categories to be 

generally defined as different sediments present on the seafloor.  In general, weaker 

reflectivity is associated with finer grained sediments (silt, clay) while stronger reflectivity is 

produced by coarser sediments (gravel, cobbles, boulders, bedrock).  Sandy surficial 

sediments tend to exhibit a range of the moderate reflectivity, gradational from fine to coarse 

sand.  Stronger reflectivity may also be due partly to the presence of epifaunal (surficial) 

benthic communities.  These communities may include organisms and their habitation 

structures such as polychaete (worm) and/or amphipod tubes, shellfish (mussels, clams), and 

possibly macroalgae.  Figure 16 presents representative sections of side scan sonar imagery 

that illustrate the four reflection categories identified.   
 

Reflective Categories / Sediment Classification 
 
 TYPE 1 Low reflectivity, low relief, drag marks common, interpreted as fine 

grained sediments (mostly silt and fine sand) with possible isolated 
boulders. 
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 TYPE 2 Medium to high reflectivity, moderate relief, sand waves distinctive, 
interpreted as medium to coarse-grained sand and gravel, possible 
isolated boulders. 

 
 TYPE 3 Low to high reflectivity, low to moderate relief, interpreted as complex 

mixture of alternating bottom types including fine to coarse grained 
sediments and boulders.  

 
 TYPE 4 Low to high reflectivity, moderate to high relief, interpreted as hard, 

compact seabed including primarily gravel, cobbles, and boulders in a 
sand matrix.   

 
 

The distribution of sediments on the seafloor is not commonly organized into well-sorted 

grain sizes with distinct geographical boundaries.  Natural physical processes in the coastal 

environment tend to form deposits inclusive of a range of grain sizes with gradational 

boundaries separating more broadly defined sediment types, as described above.  To further 

define the qualitative terms used in the sediment classification scheme, Table 4 below 

quantifies the grain sizes associated with these sediments imaged on the seafloor and 

interpreted in the subsurface.  The term “coarse material” as used in the geologic descriptions 

for this project, can be defined as varying percentages of gravel, cobbles, and boulders 

(usually in a sand matrix).   

 
Table 4 

Unified Soil Classification System (USCS) for Granular Sediments 
 

Particle Size Millimeters Inches 

Boulders  >300 >11.8 

Cobbles  75-300 2.9-11.8 

Gravel 
Coarse 19-75 0.75-2.9 

Fine 4.8-19 0.19-0.75 

Sand 

Coarse 2.0-4.8 0.08-0.19 

Medium 0.43-2.0 0.02-0.08 

Fine 0.08-0.43 0.003-0.02 

Fines 
Silt <0.08 <0.003 

Clay <0.08 <0.003 
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Sonar Target Interpretation 

Individual acoustic targets on the seafloor were mapped from the side scan images and 

multibeam hydrographic data.  Acoustic targets include features such as individual boulders, 

concrete blocks, lobster pots, drag marks, wire, line, and other man-made debris.  Priority 

was given to targets interpreted as representing possible man-made objects, since most 

boulders are included within Type 3 and 4 surficial sediment categories.  In many cases it is 

difficult to ascertain from the side scan sonar alone if an isolated target is a natural (ie. 

boulder) or man-made (ie. concrete block) feature as targets may be covered with a thin 

veneer of sediment or partially buried.  In addition, the acoustic reflection from a target may 

not be representative of the object’s actual shape.  Because of the potential importance of any 

target to the cable installation, even small targets were identified during this review process.  

Note that there are some apparent targets not labeled on the sonar mosaic, as these represent 

schools of fish or drifting debris that were abundant in the water during the survey.  Also due 

to site conditions on some field days, strong sea surface reflections were recorded in the 

images that could not be filtered out of the data.  Line-to-line correlation of the imagery 

during the processing stage allows ephemeral features such as this to be discerned and 

removed from the final sonar target listing.  Furthermore, overlapping coverage over most of 

the project areas allowed a second view of the seafloor under different conditions.   

 

Magnetic Intensity Data Analysis 

Magnetic intensity measurements were reviewed and short period anomalies interpreted from 

all lines surveyed in the 300-foot corridor.  A magnetic anomaly can be defined as a local 

disturbance in the earth’s total field intensity due to the presence of ferrous material, either 

natural (ie. metamorphic bedrock) or man-made (ie. 55 gallon steel drum).  Many factors 

contribute to an anomaly’s size and shape such as sensor height, object burial depth, amount 

of ferrous mass, magnetic susceptibility of the object’s metal, object orientation relative to 

the sensor, and more.  Through the interpretation process, an attempt is made to discern 

potential man-made ferrous objects from anomalies caused by natural, geologic features.   

 

Since anomaly amplitude (strength in gammas) is not necessarily related to the ferrous 

object’s origin or significance, all isolated magnetic anomalies were mapped, regardless of 
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amplitude.  Magnetic anomalies associated with an acoustic target at the same location 

indicate the sonar contact has a ferrous component and is likely man-made versus a natural 

feature (boulder).  Anomalies with no associated sonar target may represent a buried ferrous 

object at that position.  The acoustic targets and magnetic anomalies are plotted with the 

mosaic in the second plan view panel on the route alignment sheets.   

 

To differentiate the magnetic anomalies for review, a class system was assigned to subdivide 

the data by anomaly strength (gammas).  This provides a visual reference of each anomaly’s 

relative size (amplitude) when reviewing the BIWF route alignment sheets.  Anomaly classes 

and associated symbols presented on the drawings are as follows:     

• Class 1: < 10 gammas (solid pink triangle)  

• Class 2: > 10 to 50 gammas (solid red triangle) 

• Class 3: > 50 gammas (solid maroon triangle)  

 

Seafloor Hazards Review 

The surficial mapping datasets were also reviewed for shallow hazards in the route corridor, 

as some acoustic targets and seabed features as well as magnetic anomalies identified may 

fall into this category.  Data were interpreted to determine the presence or absence of the 

following features:   

 Man-made debris including shipwrecks  
 Unstable seafloor areas (high slopes) 
 Mass movement structures (surface slumps, slides) 
 Bedforms (sand waves)  
 Water scour 
 Diapiric structures, gas/fluid expulsions 
 Faulting expressions 
 Hard grounds 

 
 
4.3   Subsurface Characterization 

 

Seismic reflection data were processed using an average acoustic velocity of 5,000 ft/s to 

determine reflector depths below the seafloor, an average reported value for the 

predominantly sandy, saturated marine sediments.  Prominent, relatively continuous 



  

 
 

Final Report  -- Marine Site Characterization Study,  Page 27 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

reflectors were mapped in the upper 10-20 ft and deeper in places (it is often advantageous 

for interpretation to trace seismic horizons beyond the depth of interest to develop an 

understanding of the local geology).  Both the shallow (chirp) and intermediate (boomer) 

subbottom profiles were reviewed to map the shallow subsurface.  The boomer system 

obtained better penetration in areas of compact sand and coarser material (gravel, cobbles, 

boulders) along the route, with the chirp system providing ample resolution in the 

nearsurface.  The digital chirp subbottom profile image was integrated with the water depth 

profile to generate a geologic cross section for the centerline shown in the lower profile panel 

of the route alignment sheets.   

 

Shallow Subsurface Mapping 

Seismic reflectors were then interpreted and correlated with sediment interfaces logged from 

the vibratory cores in an attempt to map the shallow stratigraphy and extrapolate horizons 

laterally.  The core logs, photographs, and any lab results (grain size) assisted the correlation 

with the subbottom profiles to determine the nature of seismic facies or sequences present in 

the upper 10 ft.  Core locations and descriptions were included on the profile panel of the 

drawing to provide more detail (where available) on nearsurface sediments and shallow 

stratigraphy along the route.   

 

Paleofeatures Interpretation 

In support of archaeological resource assessment by the project archaeologist, chirp profiles 

recorded along the primary 30 m spaced tracklines were reviewed and interpreted for the 

presence of paleofeatures.  In general, geologic features and structures apparent on the 

profiles that might be indicative of relict fluvial systems and other coastal environments were 

identified.  These include geomorphic features such as buried channels, alluvial terraces, 

levee ridges, and point bar deposits.  Seismic characteristics that might suggest these 

paleofeatures are present include sloping reflectors representative of foreset/angular bedding 

and concave upward contacts representing the erosional base of a channel and internal 

depositional sequence.   
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Interpretations were documented in detail for each paleofeature identified in an Excel 

spreadsheet for subsequent mapping on the project drawings, and for delivery to the project 

archaeologist for additional review in the context of cultural resources.  A digital image of 

each feature was also captured as part of the documentation process.  Most of the features are 

buried channels or paleochannels, the most prominent preserved relict fluvial feature.  Relict 

channel preservation is higher than other features (levees, terraces, channel margins) due to 

the depth of erosion which often preserved the lower portion of the fluvial channel during the 

Holocene transgressions.  Information documented in the data spreadsheet include: depth 

below the seafloor to each bank and thalweg, apparent width of feature, internal seismic 

characteristics, channel generations (if more than one), and associated survey information 

(date, line #, run #, events, etc.).  Once individual channels were mapped in plan view along 

tracklines, correlation of all the features was performed to map channel geomorphology and 

trends through the survey area.   

 

Subsurface Hazards Review 

Chirp and boomer subbottom profiles were also interpreted to map other subsurface geologic 

structures suggestive of shallow hazards along the route.  While the focus of this study was 

the shallow subsurface appropriate for a submarine cable installation, the boomer subbottom 

profiles were collected to enhance the image of subsurface geology and stratigraphy along 

the route in case coarser surficial materials limited the higher frequency signals of the chirp 

system.  The centerline boomer seismic files were digitally processed and reviewed to a 

depth of 325 ft (below the water surface) to develop an overview of the route geology and 

assist with determining the existence and location of shallow hazards.   

 

Data were interpreted to identify the presence of the following features:   

 Buried man-made debris including cables and pipelines 
 Faulting   
 Slump blocks or slide sediments 
 Shallow gas 
 Buried channels and other relict geologic structures 
 Diapiric structures 
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4.4   Data Products 

 

Numerous preliminary data products were developed to support ongoing tasks by project 

team members (archaeologists, biologists, engineers) both during and after completion of the 

field program.  Most of these products displayed data that had been fully processed, but not 

presented in a final format (drawing with border, notes, legends, etc.) to expedite delivery of 

scientific information.  Following completion of all phases of the field program, final 

processing, interpretation, and presentation of results were accomplished with the goal of 

providing all necessary data products specific to the BIWF project areas as well as those 

items required for state and federal environmental permit applications.   

 

Table 5 below summarizes the final products generated for the BIWF project to transmit the 

results of the marine site characterization study.  The DVD accompanying this report 

contains other digital products (listed below) in support of the project, some specifically to 

meet BOEM requirements and data formats.  

 
Table 5 

Final Products Submitted for BIWF 
 

Product Format / Scale Description Location 

Appendices (end of this report) 
Report Figures 
 

Figures 
(8.5 x 11”) 

Photos, diagrams, digital images Appendix 1 

Geotechnical Information Table 
(8.5 x 11”) 

Summary and condensed version of 
vibratory core logs 

Appendix 2 

Side Scan Sonar Target 
Information 

Tables and Images 
(8.5 x 11”) 

Side scan sonar target listing and 
images  

Appendix 3 

Magnetic Anomaly Data Tables 
(8.5 x 11”) 

Magnetic anomaly listing  Appendix 4 

Quality Assurance / 
Quality Control 

Text and Images 
(8.5x11”) 

Summary of field calibration results 
and data processing quality control 

Appendix 7 

Digital Appendices (on accompanying DVD) 
Original Field Survey 
Logsheets  

Excel Table 
 

Spreadsheet containing all original 
survey logsheets for all geophysical 
vessels; includes weather summary 
table  

Appendix 8 

Geotechnical Information; 
Vibratory Core Listing 

Excel Table Spreadsheet containing the vibratory 
core data with BOEM formats  

Appendix 9 

Side Scan Sonar Target 
Listings 

Excel Table 
 

Sonar target details with BOEM 
formats 

Appendix 10 
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Product Format / Scale Description Location 

Magnetic Anomaly 
Listings 

Excel Table 
 

Magnetic anomaly data with BOEM 
formats 

Appendix 11 

Drawing #1 
BIWF Export and Inter-
Array route alignment 
sheets 
 

Drawing PDFs 
(24 x 36”) 
Sheets 1-5 

1”=400’ Horiz.  
1”=20’ Vert.  

Five plan and profile sheets 
including water depth contours and 
color shaded relief, side scan sonar 
mosaic with targets and magnetic 
anomalies, subsurface geologic 
structures and paleofeatures, 
geologic cross section with digital 
chirp image 

Appendix 12 

Drawing #2 
Multibeam for benthic 
mapping  

Drawing PDFs 
(24 x 36”) 

Sheet 1 
1”=400’ Horiz.  

One plan view sheet presenting the 
water depth contours and color 
shaded relief of areas designated for 
benthic study 

Appendix 13 

Drawing #3 
Side scan sonar for benthic 
mapping 
 

Drawing PDFs 
(24 x 36”) 

Sheet 1 
1”=400’ Horiz.  

One plan view sheet presenting the 
side scan sonar imagery/mosaic with 
surficial sediment type boundaries of 
areas designated for benthic study 

Appendix 14 

Drawing #4 
APE-Indirect; multibeam 
bathymetry 

Drawing PDFs 
(24 x 36”) 
Sheets 1-2 

1”=500’ Horiz.  

Two plan view sheets displaying 
multibeam contours and 3-D color 
shaded relief  

Appendix 15 

Drawing #5 
APE-Indirect; side scan 
sonar mosaic  

Drawing PDFs 
(24 x 36”) 
Sheets 1-2 

1”=500’ Horiz.  

Two plan view sheets displaying the 
side scan sonar mosaic with targets 
and anomalies overlain, with 
sediment type boundaries 

Appendix 16 

Drawing #6 
APE-Indirect; subsurface 
features 

Drawing PDFs 
(24 x 36”) 
Sheets 1-2 

1”=500’ Horiz.  

Two plan view sheets displaying 
interpreted subsurface features  
 

Appendix 17 

Drawing #7 
Export and Inter-Array  
cable route magnetic 
intensity data contours 

Drawing PDFs 
(24 x 36”) 
Sheets 1-2 

1”=400’ Horiz.  

Multi-panel plan view sheets 
displaying contours of the earth’s 
total magnetic field intensity 

Appendix 18 

Drawing #8 
APE-Indirect magnetic 
intensity data contours 

Drawing PDFs 
(24 x 36”) 
Sheets 1-2 

1”=500’ Horiz.  

Two plan view sheets displaying 
contours of the earth’s total magnetic 
field intensity 

Appendix 19 

Drawings #1-8 digital files 
 

AutoCAD 2007 Complete set of digital AutoCAD 
drawings with all support files 

Appendix 20 

 

 

5.0 REGIONAL GEOLOGY 

 

Areas investigated for the BIWF project are located east and southeast of Block Island near 

the confluence of Rhode Island Sound and the open waters of the Atlantic Ocean.  In this 

area offshore Block Island, basement coastal plain surfaces were first carved and shaped in 
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the Late Tertiary by rivers forming major drainage pathways southward (McMaster and 

Ashraf, 1973).  The landscape was then modified further by Pleistocene glaciations that 

scoured as well as deposited vast amounts of material, and the seabed was finally reworked 

most recently by Holocene transgressions.  A significant volume of research has been 

conducted by the United States Geological Survey (USGS) on this region (Needell et al., 

1983a, 1983b, 1983c; Needell and Lewis, 1984; McMullen et al., 2008, 2009; Poppe et al., 

2002 and more; please refer to the many open file reports on the USGS website 

http://woodshole.er.usgs.gov/pubsearch/pub_list.php).  A brief summary of the regional 

geology of the area follows.   

 

Early seismic reflection studies conducted in Rhode Island Sound (McMaster et al., 1968; 

Needell et al., 1983c; McMullen et al., 2009) helped delineate the stratigraphic framework 

and Quaternary history of the inner continental shelf south of Narragansett Bay.  While 

metamorphic (gneiss, schist) and plutonic (granite) Paleozoic bedrock underlies much of the 

Sound to the north, the bedrock is unconformably overlain by coastal plain and continental 

shelf strata (late Cretaceous-early Tertiary) that form the basement below Block Island and 

further south (Needell et al., 1983a).  The coastal plain strata are shallow in places offshore 

and have been mapped in outcrops on Block Island.  These strata were extensively eroded by 

a complex fluvial drainage system during the late Tertiary-early Pleistocene that formed a 

lowland and cuesta with an incised north-facing escarpment north of the island (Needell et 

al., 1983a; Needell and Lewis, 1984), as well as numerous other large valleys and 

depressions.   

 

During the Pleistocene, the inner shelf south of New England was glaciated at least twice, 

with the preglacial landscape modified each time by erosion during advance and retreat of the 

ice sheet.  The last glacial advance (late Wisconsinan) deposited the vast volumes of glacial 

material (moraines, drift, outwash, deltas) in Rhode Island Sound, with end moraines 

marking the southernmost extent of the glaciers.  These end or terminal moraines are most 

notable for the concentration of coarse glacial till (gravel, cobbles, boulders) that mark the 

former leading edge of the glacier (Sirkin, 1976).  This lineament of end moraines connects 

the south shore of Long Island, Block Island, and Marthas Vineyard (Sirkin, 1982; 

http://woodshole.er.usgs.gov/pubsearch/pub_list.php�
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Boothroyd and Sirkin, 2002).  Large glacial erratics (boulders) exist in all these places as 

evidence of the extreme forces at work during glacial times.   

 

As the ice receded northward, meltwaters supplied freshwater lakes that formed behind the 

end moraines (Bertoni et al., 1977; Sirkin, 1982).  Thick deposits of laminated silt and clay 

accumulated in the lakes and associated valleys.  Late-Pleistocene post-glacial streams 

incised channels into the drift once the region was subaerially exposed.  During the ensuing 

Holocene transgression, valleys began to fill with fluvial sediments while estuarine and 

beach deposits formed along the coast.  As sea level rose, those deposits along with the 

glacial drift were reworked and eroded by waves and currents.   

 

The result of this geologic history is a relatively complex stratigraphy that may vary 

considerably over relatively short horizontal and vertical distances.  Surficial sediments 

offshore of Block Island in the vicinity of the BIWF are a combination of reworked glacial 

drift and some marine sediments deposited over the years.  Waves and currents have eroded 

and redistributed finer material off shoals into deeper areas, leaving coarse materials (gravel, 

cobbles, boulders) and compact sands behind on many topographic highs.  The location of 

the project just offshore from the southernmost position of the last Wisconsinan ice front 

means there is a higher potential for coarse material deposited as part of the end/terminal 

moraines and subsequent outwash plain materials that flowed south.   

 
6.0 SURVEY RESULTS 

 

The following discussion summarizes site conditions along the BIWF Export Cable Route 

and Inter-Array Cable Route, as well as in the overall APE-Indirect surrounding the proposed 

WTGs.  Data along the cable routes are discussed from north to south (Block Island to the 

Wind Farm), referenced to the distance along the alignment (MP; mileposts in statute miles 

rounded to the tenth of a mile and stationing in ft) from the Block Island landfall at Crescent 

Beach.  The BIWF Export Cable route extends approximately 6.2 miles from the east shore 

of Block Island to the northernmost WTG (WTG 1) where it transitions to the Inter-Array 
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Cable (see Figure 1).  The Inter-Array Cable extends another 2.1 miles from WTG 1 to WTG 

5 at the seaward end of the turbine array.   

 
The discussion is organized into sections of the route exhibiting similar seabed 

geomorphology or inclusive of unique geologic conditions (Figure 17).  The following topics 

are addressed: water depths and bottom topography, surficial sediments, side scan sonar 

targets, magnetic anomalies, nearsurface subbottom stratigraphy, geotechnical data, and 

correlation of all of the above.  Water depths are referenced to MLLW and depths to 

subbottom strata are reported relative to the seafloor (depth below the bottom).  Refer to the 

Export Cable route alignment sheets (Drawing #1, Sheets 1-5, plan and profile format, 1 

inch=400-foot scale) showing the geophysical data and results for the APE-Direct.  Drawings 

#4-6 (all plan view format, 1 inch=500-foot scale) present the survey data and results for the 

BIWF APE-indirect.  Figures referenced in the text below are included in Appendix 1 and a 

summary of vibratory core results is listed in Appendix 2.   

 
A brief summary of survey results is presented at the onset of each route section below.  The 

section summary highlights data results focused on the route centerline and immediate 

vicinity.  Topics summarized in the bullet list include water depths and bottom topography, 

seafloor geology, target concentration (sonar and magnetic), subsurface geology focused on 

the upper 10-15 ft, and man-made features of interest to the project.   

 

6.1   BIWF Export Cable Route 

  

6.1.1 MP 0.0 to 1.1 (Station 0+00 to 55+50)  

 
Section Summary: 

• Water depths: 0-56 ft, low local relief on a gentle offshore slope 
• Seafloor: primarily sand with some coarser material possible 
• Targets: high concentration close to shore, moderate overall 
• Subsurface: primarily sand and gravel, coarser material and silt possible 
• Features: fish trap area nearshore, Green Buoy #1, Block Island ferry route 

 

The BIWF Export cable alignment heads offshore from the southern end of Crescent Beach 

on the east shore of Block Island where the waterline is positioned near Station 3+60.  The 
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route descends gradually down (less than 2° slope) a predominantly sandy offshore slope 

(Type 1-2) to water depths of 56 ft at the seaward end of this section.  Variations in surficial 

reflectivity suggest that, along with some patches of sand waves, there may also be some 

coarser material (Type 2; gravel, cobbles) present, particularly between MP 0.4-0.5 (Stations 

19+00 to 27+00).  The abundance of coarse material appears to increase toward the south.  In 

general, the route appears to be positioned along the most suitable path as there are rocky 

areas noted on the chart to the north off Clay Head and south along the shore in Old Harbor 

(Figure 18).   

 

A high concentration of magnetic anomalies exists from shore out to MP 0.5 (Station 27+00) 

with only a few scattered sonar targets south of the route, indicating the majority of ferrous 

objects are buried.  An increase in density of man-made objects is common along harbor 

approaches and in proximity to commercial activity.  The concentration of anomalies 

becomes generally low offshore from MP 0.5 (Station 27+00) with isolated groupings of 

anomalies (moderate concentration locally).  One grouping in particular, near MP 0.7, is 

likely associated with the navigation buoy and mooring weight located near the route 

alignment at that location.  No particular patterns are readily apparent in the distribution of 

the magnetic anomalies, such as linear trends that might indicate the presence of a submarine 

cable or pipeline.  However, the density of anomalies nearshore may mask magnetic trends 

from any single ferrous object.   

 

In the subsurface, numerous seismic reflectors in the upper 5 ft suggest some sediment 

variability along portions of this route segment.  Limited chirp signal penetration also 

indicates possibly more compact materials as well as possible coarser sediments in the 

subsurface.  This is supported by core V-35 which recovered 5.2 ft of silty sand near MP 0.6 

(Station 32+75), meeting refusal short of the planned 10 ft penetration.  Overall, sand is still 

interpreted as the primary constituent in the upper 10 ft, however, given the shallow water 

and higher energy environment, it is likely that coarser material is present as well.   

 

The south end of a charted fish trap area covers the route from the shoreline out near MP 0.1 

(Station 6+40) in less than 10 ft of water.  Farther offshore a green navigation buoy (#1) 
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marking the approach to Old Harbor is located very close to the route near MP 0.7.  

Immediately seaward of the navigation buoy in the vicinity of MP 0.8 (Station 41+50) is the 

official Block Island ferry route, although the charted routes may not be indicative of the 

actual ferry transit paths.   

 

6.1.2 MP 1.1 to 2.0 (Station 55+50 to 105+60) 

 
Section Summary: 

• Water depths: 56-109 ft, rough bottom texture landward of Sta. 80+00, smoother bottom 
topography offshore 

• Seafloor: sand and gravel with more abundant boulders landward of Sta. 80+00, mainly 
sand with some gravel and silt offshore 

• Targets: low concentration 
• Subsurface: sand and gravel with abundant coarser material landward of Sta. 80+00, 

sand and gravel with silt and coarser material possible offshore 
• Features: none apparent 

 

The offshore slope continues in this section of the Export cable route, where a rougher 

bottom texture is apparent on the multibeam depth surface out to approximately MP 1.5 

(Station 80+00).  Stronger side scan sonar reflectivity in this area correlates with the minor 

topographic relief evident on the multibeam surface, both suggesting sand and gravel are 

present with a patchy distribution of cobbles and boulders (Type 2-3; Figure 19).  The 

seafloor slopes from 56-76 ft over this initial 0.45 miles then continues down to 109 ft at the 

seaward end of the section where the slope steepens slightly.  Seaward of MP 1.5 the seafloor 

becomes smoother, void of any sharp relief, indicative of predominantly sandy sediments 

(Type 1-2).   

 

Overall low concentrations of magnetic anomalies and side scan sonar targets are present, 

with most sonar reflections due to isolated boulders (not included in the target listing).  No 

distinctive groupings of anomalies are apparent directly on the centerline that might represent 

a larger ferrous object.   

 

Interpretation of subbottom profiles suggests more coarse material and compact sand is 

present at depth, since limited seismic penetration was achieved with the chirp system.  The 

lower frequency boomer system did obtain penetration, revealing a surficial layer over 20 ft 
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thick, thinning toward the base of the slope.  Based on the seismic characteristics, a wedge of 

sand and gravel with some finer material is interpreted to comprise the upper portion of this 

nearshore slope.  Cores V-36 and V-37 collected in this section recovered over 9 ft of silty 

sand.   

 
No man-made features or regulated areas are charted in this portion of the route.   

 

6.1.3 MP 2.0 to 2.8 (Station 105+60 to 146+00) 

 
Section Summary: 

• Water depths: 109-121 ft, generally smooth bottom topography  
• Seafloor: silt-clay with sand, isolated coarse material possible  
• Targets: low to locally moderate concentration 
• Subsurface: silt-clay with sand, some coarser material possible  
• Features: none apparent 

 
This segment of the Export cable route traverses a depression that exhibits the deepest water 

(121 ft) along the alignment.  A smooth bottom topography exists with little to no local relief.  

Low acoustic reflectivity on the side scan sonar is indicative of finer surficial sediments, 

interpreted as predominantly silt and clay with some fine sand (Type 1).  More sand 

comprises the seabed on the slope up to the shoal beyond MP 2.8 (Type 1-2).    

 

Overall, low concentrations of sonar targets and magnetic anomalies exist with patches of 

anomalies locally (moderate concentration).  Two groupings of anomalies are concentrated 

near the route at MP 2.0 (Station 106+00) and MP 2.4 (Station 125+00) where maximum 

magnetic amplitudes of 40 gammas (M1692) and 77 gammas (M1503), respectively, were 

measured.  There are also scatterings of anomalies at two places across the BIWF alignment, 

near MP 2.2 (Station 117+00) and MP 2.7 (Station 142+00).  There is no clear magnetic 

trend apparent, rather the distribution of the small amplitude anomalies (all less than 30 

gammas) points toward a random scattering of isolated ferrous objects.  Longer durations of 

the anomalies near MP 2.7 may suggest the magnetic signatures are due to local geology.   

 

Subsurface conditions consist primarily of silt-clay-fine sand evident as an acoustically 

transparent surficial layer on the chirp.  Core V-38 recovered 9.6 ft of sandy silt near MP 2.5.  
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Below what may be interpreted as a relatively homogenous surface sediment layer in this 

section, the boomer clearly shows laminated sediments infilling a deep valley or depression 

in the underlying basement strata (Figure 20).  This possible glaciofluvial deposit continues 

for a short distance below the next route section as well to approximately MP 3-3.1.   

 

No man-made features or regulated areas are charted in this section of the route.   

 

6.1.4 MP 2.8 to 6.2 (Station 146+00 to 329+25) 

 
Section Summary: 

• Water depths: 87-115 ft, variable bottom topography  
• Seafloor: primarily sand with gravel, some coarser material and silt possible locally 
• Targets: low concentration with moderate patches 
• Subsurface: mainly sand and gravel, coarser material possible 
• Features: none apparent (close to Precautionary Area)  

 

Water depths vary from 87-115 ft over this section of the alignment which ties into the WTG 

array at the Export Cable Route’s offshore end (~MP 6.2).  The shallowest water depths exist 

between MP 4.0-4.2 (Station 208+00 to 222+00) where depths of 87-88 ft exist.  A series of 

broad swales and low relief mounds cover this area, with a rougher bottom texture evident 

within the swales and smoother seafloor surface on the mounds.  Bedforms (sand waves) are 

the source of much of the bottom morphology in the swales, with some coarser material 

(mainly gravel) interpreted there as well (Type 2).  Primarily sand comprises the mound 

surfaces with isolated coarse material possible (Type 1).  Core samples recovered sand at the 

surface.  

 

Low concentrations of side scan sonar targets and magnetic anomalies were identified, all 

exhibiting small reflective dimensions (sonar) or small magnetic amplitudes (anomalies).  All 

the magnetic anomalies measured less than 40 gammas.  Little correlation is apparent 

between the sonar targets and anomalies, again indicating the ferrous objects are buried in the 

shallow subsurface.  No magnetic patterns are evident from review of the anomaly 

distribution.   
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Analysis of the subbottom profiles reveals compact sand with gravel and possibly coarser 

materials in the upper 10-15 ft of the stratigraphic column.  The minimal penetration 

achieved by the chirp system suggests some fairly dense, compact materials.  Cores V-39 to 

V-44 recovered mainly sand with some gravel.  Some discontinuous reflectors are apparent, 

but difficult to trace for any distance below the seafloor.  Lower frequency boomer data 

obtained much better penetration and resolution of subsurface layering.  Boomer profiles still 

show an absence of seismic reflectors in the nearsurface, but reveal deeper units whose upper 

surfaces ascend close to the seafloor, causing lateral variability along the route.  As a result, 

coarser material is interpreted in the shallow subsurface below the swales, where different 

deposits outcrop on the seafloor.   

 

The route does not cross any charted man-made features or regulated areas, however, the 

cable route skirts the west edge of the Precautionary Area at the seaward end of this section.   

 

6.2  Inter-Array Cable Route 

 

6.2.1 MP 6.2 to 8.3 (Station 329+25 to 438+79) 

 
Section Summary: 

• Water depths: 75-93 ft, variable bottom topography 
• Seafloor: mainly sand and gravel, coarser material possible, some silt locally 
• Targets: low concentration 
• Subsurface: primarily sand and gravel, coarser material probable  
• Features: none apparent (close to Precautionary Area)  

 

The Export Cable transitions to the Inter-Array Cable at the beginning of this section where 

the first WTG (WTG 1) location is proposed.  Water depths continue to shoal through this 

transition heading southwest toward the offshore end of the array.  Depths of 91 ft are present 

at MP 6.2 and the bottom slopes gradually up to 83 ft near MP 6.9 (Station 365+00).  Overall 

bottom gradients of less than 2° are apparent.  The seafloor exhibits a hummocky topography 

over the remainder of the route, shoaling to 75 ft at the offshore end of the array.  A rough 

bottom texture is evident over much of this section due to abundant sand waves and coarse 

material (gravel, cobbles, boulders) scattered throughout the area.  The abundance of coarse 
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material increases near the offshore end of the array and westward beyond the last WTG 

position.   

 

Extremely sparse distributions of side scan sonar targets and magnetic anomalies were 

mapped.  All targets and anomalies were small, with no apparent groupings or trends 

suggestive of larger objects.   

 

Chirp subbottom profiles continue to show reduced penetration due to a compact surficial 

sediment layer comprised primarily of sand and gravel with patches of coarser material.  The 

boomer data penetrated deeper below the seafloor, revealing discontinuous reflectors at depth 

and chaotic nearsurface returns indicative of coarser sediments.  Cores V-45 to V-47 

recovered sand with some gravel, but did not retain more than 5 ft of material in the sample.  

Reduced penetration by the vibratory corer is another sign of compact sand and/or the added 

presence of coarser sediments.  Although the seismic profiles suggest lateral variability, in 

general, the upper 10 ft surficial layer appears to be consistently made up of sand and gravel.  

This variability, interpreted due to the number and characteristics of seismic reflectors, could 

be the result of locally higher concentrations of coarse material along the route.   

 

The route does not cross any charted man-made features or regulated areas, however, the 

cable route passes by the west edge of the Precautionary Area north of the beginning of this 

section.   

 

6.3  Area of Potential Effect (APE) - Indirect 

 

This region of the seafloor southeast of Block Island exhibits a fluctuating geomorphology 

controlled by the antecedent glacial landscape and activity associated with its formation.  The 

broad, hummocky seafloor topography that exists today is from the vast amounts of glacial 

drift deposited southward from the ice front.  Low relief mounds or ridges of material and 

alternating swales trend in a predominantly northwest to southeast direction (Figure 21).  

Water depths range from less than 62 ft in the west-northwest portion of the APE-Indirect to 

over 100 ft in the north-northeast portion of the site.  Similar to the APE-Direct 300 m 
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corridor, a generally rough bottom texture is dominant and defined by sand waves and 

scattered coarse material, with isolated patches of smooth sandy seafloor.  Pockets of finer 

sediments (fine sand-silt, some clay) may exist within localized bottom depressions.  The 

size and abundance of coarse material increase westward, particularly beyond the offshore 

end of the turbine array.  Higher concentrations of cobbles and boulders are present on a 

north-northwest to south-southeast trending shoal in that area.   

 

Overall, a relatively sparse distribution of side scan sonar targets and magnetic anomalies is 

apparent, with most sonar reflections due to scattered boulders not included on the final 

target table.  In areas of abundant coarse material, the interpretation of man-made versus 

natural objects becomes more difficult.  The magnetic intensity measurements assist with that 

determination; however, most anomalies do not have associated sonar targets, suggesting 

ferrous objects at those locations are buried in the shallow subsurface.  No distinctive 

groupings are apparent that might indicate the presence of a larger man-made feature such as 

a shipwreck.  One magnetic trend in the northeast corner of the site likely corresponds to the 

existing TAT-10 submarine cable.  Further evaluation by the project archaeologist is required 

to determine whether the sonar or magnetic data contain any sites interpreted as having 

potential historic significance.   

 

Subsurface information obtained primarily from the chirp profiles reveal minimal seismic 

penetration consistent with coarser sediments (sand and gravel) as observed on the seafloor 

imagery recorded with the side scan sonar.  Some shallow reflectors are evident below sandy 

patches (Type 1) on the bottom, but these are discontinuous and cannot be mapped for any 

distance.  Core samples collected along the route (V-42 to V-47) recovered mainly sand and 

gravel, and often failed to penetrate the full 10 ft into the seabed due to the compact and 

coarser materials present.  While boulder-sized material is scattered throughout the BIWF 

area, the abundance of boulders (greater than 12 inches diameter) increases to the west 

beyond the offshore end of the turbine array.   

 

Some paleochannels were identified in the subsurface from review of the chirp and boomer 

profiles, predominantly in the eastern portion of the APE-Indirect, due to the slightly finer 
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sediments (fine sand and silt) comprising localized areas of the seabed.  Increased 

concentrations of coarse material reduce seismic penetration and make interpretation of 

subsurface conditions more difficult.  While no significant glaciolacustrine or glaciofluvial 

deposits (thick sequences of laminated fine sand, silt, clay) are clearly apparent along the 

Inter-Array cable route, there may be some depositional sequences of this nature within the 

boundaries of the APE-Indirect to a limited extent.   

 

The only charted man-made feature in the APE-Indirect is the TAT-10 submarine 

telecommunications cable that crosses the northeast corner.  The Precautionary Area is the 

only apparent regulated area and covers the eastern portion of the site.   

 

7.0   SHALLOW HAZARDS 

 

Geophysical and geotechnical information acquired for the marine site characterization study 

were also reviewed and interpreted for the presence of shallow hazards.  Some of the hazards 

have been described already as surficial or subsurface features in the previous data 

discussions, but all will be summarized briefly in this section.  While some hazards are 

relevant to the BIWF geologic setting, the following are not common to the project area, and 

therefore not included in the subsequent discussion:   

 
 Collapse features indicative of karst environments (carbonates) 
 Shallow water flow (deep water, higher pressure) 
 Gas hydrates (deep water) 

 
 
The shallow hazards discussed below are based on the geophysical data acquired for the 

BIWF project which were designed to focus on the seafloor and shallow subsurface 

appropriate for submarine cable design and engineering, as well as shallow construction 

impacts from cable installation, jack-up spuds, or anchoring.  As summarized in the Project 

Background (Section 1.1), reconnaissance surveys of the BIWF and Export Cable pathway 

identified hazards in the region which were avoided during project component siting as much 

as possible.  While a few hazards of interest to BOEM are evident, none are considered fatal 

flaws to the installation of a submarine cable.   
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7.1 Natural Seafloor Hazards 

 

Surface features were primarily delineated using the high frequency multibeam depth data 

and side scan sonar imagery.  It is important to note that many surface hazards are in a state 

of constant change (ie. sand waves, scour), so maps produced from this study document 

conditions present at the time of the survey.  Table 6 below summarizes the findings.  Figure 

22 shows examples of the seafloor hazards identified in the BIWF Export and Inter-Array 

cable corridors as well as the APE-Indirect surrounding the Wind Farm.   

 
Table 6 

Natural Seafloor Hazards Summary 
 

Hazard 
 

 Definition Identified / Description 

Steep/Unstable slopes 
 

A stretch of ground forming a natural or 
artificial incline, with a slope that approaches 
the angle of repose (maximum angle at 
which the material remains stable).  

Not present 

Mass Movement 
structures (slump, slide) 

Large scale structures that result from the 
downslope movement of sediments due to 
instability and gravity.  In the submarine 
environment these structures are often found 
in slope environments along coastal margins.  

Not present 

Water scour 
 

Erosion of material due to water flow. Often 
associated with erosion adjacent to larger 
natural and man-made structures.   

Present; tidal currents flowing 
over unconsolidated sediments 
will always produce scour 

Bedforms (sand waves) 
 

Bedforms (sand waves) are the result of the 
movement of sediment by the interaction of 
flowing water; critical angle and forces 
required for movement are dependent upon 
many factors. 

Present; small scale sand waves 
abundant in Type 2 sandy 
sediment areas 

Hard grounds 
 

Any semi-lithified to solid rock strata 
exposed on the seafloor; in this area, may 
include bedrock or a nearly continuous 
pavement of fragmented rock or boulders.   

Not present  
  

Diapiric structures 
 

The extrusion of more mobile and ductily-
deformable material forced onto the seafloor 
from pressure below.   

Not present 

Gas/fluid expulsion 
features 

Upward movement of gas/fluid via low 
resistance pathways through sediments onto 
the seafloor; may be related to other hazards 
listed (diapirs, faults, shallow water flows). 

Not present 

Faulting expression 
 

Physiographic feature (surface expression) 
related to a fracture, fault, or fracture zone 
along which there has been displacement of 
the sides relative to one another.   

Not present 
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7.2 Natural Subsurface Hazards 

 

The identification of subsurface hazards is primarily based on the interpretation of high 

resolution chirp subbottom profiles collected on all lines in the 300 m wide corridor.  The 

chirp system showed limited penetration along the route alignment due to the compact sand 

and coarse material, typically less than 5 m.  The lower frequency boomer system obtained 

deeper penetration through the coarse glacial drift sediments, with estimated penetration 

ranging from 2-15 m.  The system recorded geologic structures to over 30 m where 

conditions were more suitable for signal penetration (finer sediments in the depression from 

MP 2.0-2.8).  Boomer profile data were collected mainly on the route centerline, with several 

offset lines surveyed to document the areal extent of suspected hard grounds.  Table 7 below 

summarizes the findings.  Figure 23 illustrates examples of the subsurface hazards identified 

in the BIWF Export and Inter-Array cable corridors as well as the APE-Indirect surrounding 

the Wind Farm.   

Table 7 
Natural Subsurface Hazards Summary 

 
Hazard 
 

 Definition Identified / Description 

Shallow faults, faulting 
attenuation 
 

A fracture or fracture zone along which there 
has been displacement of the sides relative to 
one another, parallel to the fracture; 
attenuation is the translation of movement 
along a fault into surrounding mediums. 

Not present 

Mass movement 
structures (slump, slide) 

Often distinguished by a single coherent 
mass of material displaced from its original 
location, in which the sediment/rock mass 
remains virtually intact and moves outward 
and downward.   

Not present  

Diapiric structures 
 

A type of intrusion in which a more mobile 
and ductily-deformable material is forced 
into brittle overlying strata.; typically 
associated with massive mud or salt deposits 
at depth.   

Not present 

Shallow gas 
 

Subsurface concentration of material in 
gaseous form that has accumulated by the 
process of decomposition of carbon-based 
materials (former living organisms, typically 
plants).   

Not present 

Buried channels 
 

Formerly the deepest portion of a waterway 
filled in with sediment over time and 
preserved to some extent by sea level rise 
and depositional processes. 

Present; upper surface of many 
below cable burial depths and 
outside the APE-Direct 
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7.3 Man-Made Hazards 

 

Man-made hazards may be present on the surface or buried below the bottom.  Man-made 

objects include some discarded accidently (shipwrecks, trash) and those placed on/below the 

seafloor with a purpose in mind (cables, pipelines).  While some man-made features may 

impede installation of submarine utilities, most are avoided by minor rerouting during 

construction or bridging, in the case of existing active utilities.  For cultural resource 

assessment, please refer to the project archaeologist’s report for a review of the sonar, 

magnetic, and subbottom data acquired as well as historical information for the area.  Table 8 

below summarizes the results of the OSI geophysical data review and search of existing 

maritime information from publicly available sources.  Figure 24 shows examples of the 

man-made hazards identified in the BIWF Export and Inter-Array cable corridors as well as 

the APE-Indirect surrounding the Wind Farm.   

 
Table 8 

Man-Made Hazards Summary 
 

Hazard 
 

 Definition Identified / Description 

Debris 
 

Miscellaneous man-made objects that have 
been discarded in the ocean and are found on 
and below the seafloor. 

Present; low to moderate 
concentration  

Shipwrecks 
 

Wreckage of ships ranging from intact to 
debris fields, from recent times or having 
historical significance.   

Not present; but dependent upon 
further review by the project 
archaeologist 

Cables  
 

Refers to power or telecommunications 
cables; commonly 3-8 inches in diameter and 
may be bundled together. 

Not present 

Pipelines 
 

Usually steel, concrete or both forming a 
linear conduit (pipe) used for the transport of 
water, natural gas, sewage, fuel oil, or other 
commodity.  

Not present 

Ordnance 
 

Exploded or unexploded ammunitions; from 
wartime activities or near test facilities.  

Not present 

Cultural resources 
 

Any man-made object or feature having 
historical significance 

Undetermined; requires review by 
project archaeologist 
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8.0   CONCLUSIONS AND RECOMMENDATIONS 

 

The detailed, multi-disciplinary site characterization study completed for the proposed BIWF 

project successfully surveyed and delineated surface and subsurface conditions along a 

preferred cable route and area surrounding the proposed Wind Farm.  Extensive geophysical 

coverage was achieved of the 300 m survey corridor (APE-Direct) connecting Block Island 

with the proposed WTG array, as well as the APE-Indirect surrounding the Wind Farm.  

Seafloor and subsurface characterization of project areas were completed through analysis 

and interpretation of survey information, including water depths and bottom topography, side 

scan sonar imagery, marine magnetic intensity data, high and low frequency subbottom 

profiles, and geotechnical data (vibratory core samples).   

 

Table 9 below summarizes the general geologic conditions evident along the proposed BIWF 

Export and Inter-Array cable routes.   

 
Table 9 

Summary of Route Conditions 
 

Route Location Water 
Depths 

Surficial Geology Subsurface Geology 
(upper 10-15 ft)   

Export Cable Route 
MP 0-1.1 
 

0-56 ft Sand with some coarser 
material possible  

Sand and gravel with coarser material 
and some silt possible 

MP 1.1-2.0 
 

56-109 ft Sand and gravel with patches 
of boulders landward of 
Station 80+00, sand with some 
gravel and silt offshore 

Sand and gravel with abundant coarser 
material landward of Sta. 80+00, sand 
and gravel with silt and coarser 
material possible offshore 

MP 2.0-2.8 
 

109-121 ft Silt-clay with sand, isolated 
coarse material possible 

Silt-clay with sand, some coarser 
material possible 

MP 2.8-6.2 
 

87-115 ft Sand with gravel, some 
coarser material and silt 
possible locally 

Sand and gravel, coarser material 
possible 

Inter-Array Cable Route 
MP 6.2-8.3 
 

75-93 ft Sand and gravel, coarser 
material possible, some silt 
locally 

Sand and gravel, coarser material 
probable 

Note: Water depths are referenced to MLLW.  Subsurface depths are relative to the seafloor.   
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As a broad site overview of the BIWF route alignments, unconsolidated sediments comprise 

the upper 10-15 ft of the stratigraphic column with coarse sediments (sand and gravel with 

scattered cobbles and boulders) dominant throughout.  One section of the Export Cable route 

from MP 2.0 to MP 2.8 does contain finer sediments (silt, clay, fine sand) that infill a relict 

depression in that area.  Sand waves are abundant in all coarser surficial sediment areas and 

exhibit typical heights of 0.5-2 ft.  Sediments become even coarser farther west beyond the 

offshore end of the WTG array, where boulders are abundant.  A hummocky seafloor 

topography characterized by coarse sediment conditions (mainly sand and gravel with 

coarser material locally and silt-clay possible in depressions) extends to the north and south 

within the APE-Indirect.   

 

Areas of interest for construction may include those portions of the seabed comprised of 

coarser materials, particularly in higher concentrations.  This includes the Export Cable route 

sections from MP 0.4-0.5 and MP 1.1-1.5 where an increase in coarse material is evident as 

patches of gravel, cobbles, and boulders.  Seaward of MP 2.8 along the route, geologic 

conditions are fairly consistent, with sand and gravel dominant and coarse material is 

scattered on and below the seafloor.  Coarse material may become more concentrated toward 

the offshore end of the WTG array which terminates just east of a broad shoal composed of 

abundant coarse material.   

 

There are very few charted man-made features and regulated areas of interest along the route 

that could impact the cable installation or the project in some way.  Most of these are located 

within 1 mile of the Block Island landfall and include; the fish trap area (landward of MP 

0.1), green navigation buoy #1 (~MP 0.7), and the Block Island ferry route (~MP 0.8).  

Further offshore near MP 5.7, the route approaches the western edge of the Precautionary 

Area but does not enter the area.   

 

A typical distribution of man-made objects is apparent along the route whereby the 

abundance of debris increases with proximity to human activities (ie. navigation channels, 

traffic lanes, harbors).  This equates to a higher concentration of man-made objects closer to 

Block Island.  While the majority of sonar targets and magnetic anomalies are positioned off 
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the route centerline, some are located on or immediately adjacent to the BIWF alignments.  

Inspection of some of these locations may allow the objects to be identified and a decision 

made as to how to mitigate the existing object.  Once target locations are ruled out as 

potential cultural resource sites, the targets can be designated as obstructions and dealt with 

accordingly (relocation, removal, avoidance).   

 

Geophysical data also provided marine scientific information in support of benthic habitat 

analysis, cultural resource review, and shallow hazards mapping.  While benthic and 

archaeological assessments were handled by other team members, OSI performed a review 

and documentation of shallow hazards for BOEM requirements.  Some hazards are not 

common to the project site and the inner shelf off southern New England, and were therefore 

not included in the data review.  Of the natural seafloor hazards examined, bedforms (sand 

waves) and water scour are present in the survey areas.  Inspection of data for natural 

subsurface hazards identified buried channels.  Finally, man-made hazards identified include 

only scattered debris.  None of the hazards documented in the survey areas are believed to 

pose any significant impediment to the planned installation of the BIWF power cable, 

however, the abundance of coarse material (particularly boulders) in places may increase the 

difficulty of burial deeper below the seafloor.   
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Figure 1.  Location map of the BIWF project components east and southeast of Block 
Island, including the Export cable route (green), Inter-Array cable route (blue), and five 
proposed WTGs (solid red circles).  NOAA chart #13205 in background.   
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Figure 2.  Areas surveyed around Block Island in the summer of 2009 (task numbers relate 
to the reconnaissance phase scope of work discussed in the text).  NOAA chart #12300 in 
background. 
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Figure 3.  Limits of the Area of Potential Effect (APE); the APE-Direct (green) is a 300 m 
wide corridor centered on the cable routes, and the APE-Indirect (blue) is a 2,700 m wide 
rectangular area centered on the turbine array (solid red circles).  NOAA chart #13205 in the 
background.  
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Figure 4.  Schematic of planned survey lines within the cable corridors (APE-Direct). Chirp 
subbottom and magnetic intensity data collected on all lines (red and blue, 30 m spacing), 
side scan sonar imagery acquired along red lines only (60 m spacing, 75 m sweep range).  
Boomer profiles were collected on the route centerline and 60 m offsets where hard bottom 
or surficial coarse material was suspected.   
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Figure 5.  Survey tracklines (gray) covering the landfall approach to the east shore of Block 
Island.  Inaccessible distance along the centerline, due to shallow water in the surf zone, is 
approximately 450 ft.  USGS aerial photograph in background.   
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Figure 6.  Areas of potential post-contact period archaeological sensitivity (red), 
designated by the project archaeologist as any portion of the survey corridor less 
than 100 feet deep. Survey trackline spacing was tightened to 15 m in these areas.  
NOAA chart #13205 in background.   
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Figure 7.  Geophysical tracklines surveyed in the APE-Indirect (orange), 150 m spacing.  
Five lines west and east of the Export Cable route to north (dark red) cover the designated 
benthic mapping areas.  Magneta lines cover the 300 m corridor, APE-Direct.  NOAA chart 
#13205 in background.   
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Figure 8.  Areas along the BIWF route designated for additional benthic habitat mapping 
(brown) beyond the 300 meter corridor.  NOAA chart #13205 in background.   
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Figure 9.  Layout of the vibratory core stations (solid black circles) along the BIWF 
alignments.  NOAA chart #13205 in background.  
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Figure 10.  Underwater video transects (blue) surveyed in areas of suspected hard bottom.  
Locations were designated by the project biologist onboard.  NOAA chart #13205 in 
background.  
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Figure 11.  R/V Ocean Explorer.    
 

 

 

 

 

 

 

 

 

Figure 12.  R/V West Cove.     
 

 

 

 

 

 

 

 

 

Figure 13.  R/V Connecticut.     
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Figure 14.  General equipment configuration aboard the R/V Ocean Explorer. 

  

 

Survey Vessel Equipment Offsets Relative to 
Reference Point (RP) Starboard Positive (ft) Forward Positive (ft) 

RP – Center of Vessel 0.0 0.0 

POS MV GPS Primary Antenna 3.8 16.1 

POS MV Secondary Antenna -4.2 16.1 

POS MV IMU Center 0.0 0.0 

Multibeam Transducer 9.4 1.6 

Magnetometer* 0.0 -61/-336 

Side Scan Sonar Towfish* 0.0 -25/-300 

Shallow Subbottom Profiler (chirp) 8.0 -10.0 

TrackLink USBL Transceiver -8.3 3.4 

* Magnetometer and side scan sonar sensors included variable layback; positions calculated real-time with the Tracklink 
USBL underwater acoustic positioning system.  Range of forward offsets (laybacks) given for approximate minimum and 

maximum values observed during survey  (above diagram not to scale) 
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Figure 15.  General equipment configuration aboard the R/V West Cove. 

  

 

Survey Vessel Equipment Offsets Relative to 
Reference Point (RP) 

Starboard Positive 
(ft) 

Forward Positive 
(ft) 

RP – Center of Vessel 0.00 0.00 

POS MV GPS Primary Antenna 2.55 -2.21 

POS MV Secondary Antenna -4.22 -2.21 

POS MV IMU Center 5.97 -0.05 

Multibeam Transducer 7.9 -4.4 

Single beam Transducer 7.9 -2.2 

Magnetometer* NA -61/-336 

Side Scan Sonar Towfish* NA -25/-300 

Intermediate Subbottom Profiler (boomer) 0.0 -50.0 

Shallow Subbottom Profiler (chirp) 8.0 3.0 

TrackLink USBL Transceiver -7.5 0.0 

* Magnetometer and side scan sonar sensors included variable layback; positions calculated real-time with the 
Tracklink USBL underwater acoustic positioning system.  Range of forward offsets (laybacks) given for approximate 

minimum and maximum values observed during survey.  (above diagram not to scale) 
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TYPE 1:  

Mainly silt with clay and fine sand  

 

 

 

 

 

TYPE 2: 

Mainly sand with bedforms, some gravel, silt  

 

 

 

 

 

TYPE 3: 

Mainly sand and gravel, with cobbles, boulders  

 

 

 

 

 

TYPE 4: 

Mainly gravel, cobbles, boulders in sand matrix  

 

 

 

 Figure 16.  Sonar image captures of interpreted surficial sediment categories.   
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Figure 17.  Subdivision of the BIWF route for discussion purposes.  NOAA chart #13205 
in background.   
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Figure 18.  Rocky seafloor areas (outlined in red) in the Block Island nearshore zone 
located north and south of the BIWF Export cable route. These areas contain abundant 
large glacial erratic (boulders). NOAA chart #13218 in background.   
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Figure 19.  Side scan sonar image of coarse material patches with abundant boulders 
(darker areas on image; Type 2-3 surficial sediments) between MP 1.1 (Station 58+00) 
and MP 1.5 (Station 79+00).  Lighter reflective areas represent predominantly sandy 
surface sediments (Type 1).   
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Figure 20.  Section of a boomer subbottom profile showing the layered fine grained sediments 
(glaciofluvial deposits) infilling a valley in the underlying basement strata between MP 2.1 to 
3.0.  Silt-clay accumulate in present day depressions on the seafloor and sand is more common 
on the shoals.   
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Figure 21.  Multibeam shaded relief map of the APE-Indirect showing the variable seafloor 
topography offshore Block Island.  Incomplete coverage over the shoal (white bands) due to 
shallow water and wider line spacing designated for the APE.   
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Figure 22.  Example of the natural seafloor hazards identified in the BIWF areas 
investigated; bedforms (sand waves) and localized, small scale water scour, always found 
together in the marine environment.   
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Figure 23.  Examples of buried channels observed in the ssubbottom data, the one type of 
subsurface hazard identified.  (TOP) Chirp profile (2-12 kHz) of a channel near MP 2.8 revealing 
no internal structure (acoustically transparent).  (BOT) Boomer profile (0.8-4 kHz) between 
Stations 235-244 (~MP 4.5) showing numerous seismic reflectors within the feature.  These 
represent bedding planes of the sediment that infilled the channel.  Green line marks the erosional 
unconformity along the base of each channel and the yellow line represents the upper erosional 
surface at the base of the overlying Holocene layer.   
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Figure 24.  Example of man-made hazards (debris) identified in the BIWF project areas.  These 
data are positioned just east of the Block Island landfall.  Solid triangles are magnetic anomalies 
that represent the location of a ferrous object (cyan <10 gammas, navy blue 10-50 gammas size).  
Green squares represent side scan sonar targets where an acoustic reflection was mapped, 
possibly marking a man made object on the seafloor.    
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Geotechnical Data Summary; BIWF Route Vibratory Cores 

Core ID Easting Northing 
Water 
Depth 

Pene-
tration 

Recovery Description 

 
feet feet feet feet feet depth ranges in feet 

BIWF-V-35 312738.7 37413.9 40 5.0 5.2 0.0 - 5.2 : Silty sand 

BIWF-V-36 315712.0 36765.9 62 9.9 9.3 0.0 - 9.3 : Silty sand 

BIWF-V-37 318596.9 35205.0 92 10.0 9.1 0.0 - 9.1 : Silty sand 

BIWF-V-38 321288.3 33359.9 120 10.0 9.6 0.0 - 9.6 : Sandy silt 

BIWF-V-39 323441.6 30880.7 99 10.0 8.7 

0.0 - 6.0 : Graded sand with 
gravel 
6.0 - 8.7 : Silty sand 

BIWF-ARCH10 324106.3 29313.2 101 8.6 7.5 

0.0 - 1.2 : Med-coarse sand 
with gravel 
1.2 - 6.0 : silt 
6.0 - 7.5 : fine sand 

BIWF-ARCH11 324342.3 28682.4 103 9.3 9.6 

0.0 - 3.6 : coarse sand with 
gravel 
3.6 - 9.6 : silt  

BIWF-V-40 324634.3 27859.6 96 6.2 5.4 0.0 - 5.4 : Silty sand 

BIWF-V-41 325528.0 24702.2 92 4.9 5.0 
0.0 - 5.0 : Poorly graded 
sand 

BIWF-V-42 326043.9 22915.0 100 8.7 8.0 

0.0 - 1.5 : Poorly graded 
sand 
1.5 - 3.0 : Graded sand with 
gravel 
3.0 - 8.0 : Well graded sand 

BIWF-V-43 327317.9 18395.6 95 3.2 2.5 

0.0 - 1.5 : Well graded sand 
1.5 - 2.5 : Poorly graded 
gravel with sand 

BIWF-V-44 325988.9 15593.9 90 6.2 3.5 

0.0 - 2.0 : Poorly graded 
sand with gravel 
2.0 - 3.5 : Poorly graded 
sand 

BIWF-V-45 323882.0 13100.9 82 3.1 3.2 

0.0 - 2.0 : Poorly graded 
sand 
2.0 - 3.2 : Poorly graded 
gravel 

BIWF-V-46 321453.5 10900.3 79 5.8 4.1 

0.0 - 2.0 : Graded gravel 
with sand 
2.0 - 4.1 : Poorly graded 
sand with gravel 

BIWF-V-47 318752.4 9051.1 81 5.2 4.8 

0.0 - 1.0 : Poorly graded 
sand with gravel 
1.0 - 4.8 : Poorly graded 
sand 
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Notes:  

1. Coordinates are referenced to RI State Plane, Zone 3800, NAD83, in feet.   
2. Water depths recorded at the time of sample collection; not tide corrected.   
3. Descriptions are summarized from the AECOM and Fathom Research (archy) core logs.   
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SIDE SCAN SONAR TARGET REPORTS AND LISTINGS  
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Side Scan Sonar Target Report; BIWF Cable Routes and APE-Indirect 

Contact Image Contact Info User Entered Info 

 

SS9 
 
•  (X) 310703  (Y) 36693 
 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.0 US Feet 
Target Length: 5.5 US Feet 
Target Width: 1.8 US Feet 
Description: Oblong target 
 

 

SS11 
 
•  (X) 311155  (Y) 36709 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.0 US Feet 
Target Length: 10.9 US Feet 
Target Width: 0.8 US Feet 
Description: Linear target 
 

 

SS12 
 
•  (X) 311118  (Y) 36756 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.5 US Feet 
Target Length: 8.3 US Feet 
Target Width: 4.1 US Feet 
Description: Oblong target 
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SS13 
 
•  (X) 311338  (Y) 36655 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.0 US Feet 
Target Length: 9.5 US Feet 
Target Width: 2.1 US Feet 
Description: Linear target 
 

 

SS14 
 
•  (X) 313318  (Y) 37666 
 
 

 
Dimensions 
Target Height: 1.1 US Feet 
Target Length: 7.8 US Feet 
Target Width: 5.2 US Feet 
Description: Oblong target 
 

 

SS15 
 
•  (X) 313199  (Y) 37663 
 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 2.1 US Feet 
Target Length: 26.7 US Feet 
Target Width: 5.3 US Feet 
Description: Linear target 
 

 

SS16 
 
•  (X) 313255  (Y) 37603 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.6 US Feet 
Target Length: 7.6 US Feet 
Target Width: 3.3 US Feet 
Description: Oblong target 
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SS67 
 
•  (X) 311156  (Y) 36481 
 
 

 
Dimensions 
Target Height: 0.0 US Feet 
Target Length: 9.6 US Feet 
Target Width: 1.1 US Feet 
Description: Linear target 
 

 

SS1000 
 
•  (X) 328734  (Y) 21621 
 
 
 
 

Dimensions 
Target Height: 5.3 US Feet 
Target Length: 23.7 US Feet 
Target Width: 14.6 US Feet 
Description: Oblong target 
 
 

 

 
SS1001 
 
•  (X) 328488  (Y) 21474 
 
 
 
 

 
 

     
     
     

   
 

 

 
Dimensions 
Target Height: 3.6 US Feet 
Target Length: 12.1 US Feet 
Target Width: 4.9 US Feet 
Description: Rectangular target 
 

 

 

SS1003 
 
•  (X) 325583 (Y) 23042 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 2.0 US Feet 
Target Length: 10.9 US Feet 
Target Width: 3.2 US Feet 
Description: Oblong target 
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SS1004 
 
•  (X) 312391  (Y) 6449 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 6.9 US Feet 
Target Length: 13.5 US Feet 
Target Width: 11.7 US Feet 
Description: Oblong target 
 

 

SS1005 
 
•  (X) 312940  (Y) 6790 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 4.9 US Feet 
Target Length: 18.3 US Feet 
Target Width: 10.6 US Feet 
Description: Oblong target 
 

 

SS1006 
 
•  (X) 315017  (Y) 7928 
 
 

 
Dimensions 
Target Height: 7.6 US Feet 
Target Length: 20.3 US Feet 
Target Width: 13.0 US Feet 
Description: Angular target? 
 

 

SS1008 
 
•  (X) 323453  (Y) 12873 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 2.3 US Feet 
Target Length: 15.9 US Feet 
Target Width: 3.6 US Feet:  
Description: Linear target 
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SS1009 
 
•  (X) 316521  (Y) 7841 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 3.3 US Feet 
Target Length: 15.9 US Feet 
Target Width: 8.9 US Feet 
Description: Oblong target 
 

 

SS1010 
 
•  (X) 312486  (Y) 9669 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 6.4 US Feet 
Target Length: 19.9 US Feet 
Target Width: 7.6 US Feet 
Description: Oblong target 
 

 

SS1012 
 
•  (X) 323625  (Y) 16394 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.0 US Feet 
Target Length: 55.3 US Feet 
Target Width: 7.1 US Feet 
Description: Linear target 
 

 

SS1013 
 
•  (X) 327558  (Y) 22153 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 3.5 US Feet 
Target Length: 10.2 US Feet 
Target Width: 8.0 US Feet 
Description: Oblong target 
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SS1014 
 
•  (X) 314725  (Y) 8813 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.0 US Feet 
Target Length: 12.0 US Feet 
Target Width: 7.6 US Feet 
Description: Oblong target 
 

 

SS1015 
 
•  (X) 3136367  (Y) 7982 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.6 US Feet 
Target Length: 12.4 US Feet 
Target Width: 8.5 US Feet 
Description: Oblong target 
 

 

SS1016 
 
•  (X) 327644  (Y) 21538 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 4.7 US Feet 
Target Length: 25.0 US Feet 
Target Width: 5.6 US Feet 
Description: Oblong target 
 

 

SS1017 
 
•  (X) 313119  (Y) 7445 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.0 US Feet 
Target Length: 18.0 US Feet 
Target Width: 8.8 US Feet 
Description: Oblong target 
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SS1018 
 
•  (X) 314243  (Y) 5925 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 9.1 US Feet 
Target Length: 26.0 US Feet 
Target Width: 14.8 US Feet 
Description: Oblong target 
 

 

SS1019 
 
•  (X) 316366  (Y) 7428 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.9 US Feet 
Target Length: 17.0 US Feet 
Target Width: 5.5 US Feet  
Description: Oblong target 
 

 

SS1020 
 
•  (X) 314485  (Y) 6955 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 6.8 US Feet 
Target Length: 16.6 US Feet 
Target Width: 10.2 US Feet  
Description: Oblong target 
 

 

SS1021 
 
•  (X) 330294  (Y) 22528 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 7.0 US Feet 
Target Length: 15.6 US Feet 
Target Width: 16.0 US Feet 
Description: Oblong target 
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SS1022 
 
•  (X) 328238  (Y) 20122 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 1.4 US Feet 
Target Length: 22.0 US Feet 
Target Width: 5.0 US Feet 
Description: Oblong target 
 

 

SS1023 
 
•  (X) 329274  (Y) 20993 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 3.8 US Feet 
Target Length: 14.7 US Feet 
Target Width: 8.6 US Feet 
Description: Oblong target 
 

 

SS1024 
 
•  (X) 330264  (Y) 21450 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.2 US Feet 
Target Length: 18.5 US Feet 
Target Width: 6.6 US Feet 
Description: Oblong target 
 

 

SS1025 
 
•  (X) 329375  (Y) 20095 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 3.9 US Feet 
Target Length: 21.0 US Feet 
Target Width: 8.9 US Feet 
Description: 2-3 oblong targets 
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SS1026 
 
•  (X) 319367  (Y) 7724 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 7.1 US Feet 
Target Length: 11.9 US Feet 
Target Width: 10.8 US Feet 
Description: Square target 
 

 

SS1027 
 
•  (X) 317623  (Y) 6427 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.2 US Feet 
Target Length: 23.0 US Feet 
Target Width: 9.6 US Feet 
Description: Oblong target 
 

 

SS1028 
 
•  (X) 314347  (Y) 4657 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 4.9 US Feet 
Target Length: 10.4 US Feet 
Target Width: 7.6 US Feet 
Description: Oblong target 
 

 

SS1029 
 
•  (X) 319547  (Y) 6587 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 6.8 US Feet 
Target Length: 11.4 US Feet 
Target Width: 7.5 US Feet 
Description: Oblong target 
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SS1030 
 
•  (X) 320410  (Y) 7052 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 4.5 US Feet 
Target Length: 10.5 US Feet 
Target Width: 6.0 US Feet 
Description: Oblong target 
 

 

SS1031 
 
•  (X) 319347  (Y) 5523 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.8 US Feet 
Target Length: 15.3 US Feet 
Target Width: 10.1 US Feet 
Description: Oblong target 
 

 

SS1032 
 
•  (X) 319229  (Y) 5151 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.4 US Feet 
Target Length: 21.1 US Feet 
Target Width: 12.1 US Feet 
Description: Oblong target 
 

 

SS1033 
 
•  (X) 315050  (Y) 2896 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 7.1 US Feet 
Target Length: 12.2 US Feet 
Target Width: 15.6 US Feet 
Description: Angular target 
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SS1034 
 
•  (X) 318570  (Y) 3634 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 9.5 US Feet 
Target Length: 15.0 US Feet 
Target Width: 14.6 US Feet 
Description: Semi angular 
shaped target 
 

 

SS1035 
 
•  (X) 318416  (Y) 3791 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 4.9 US Feet 
Target Length: 19.5 US Feet 
Target Width: 6.4 US Feet 
Description: Oblong target 
 

 

SS1036 
 
•  (X) 316241  (Y) 2376 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 4.9 US Feet 
Target Length: 17.6 US Feet 
Target Width: 6.0 US Feet 
Description: Oblong target 
 

 

SS1037 
 
•  (X) 318100  (Y) 3232 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.1 US Feet 
Target Length: 21.0 US Feet 
Target Width: 6.7 US Feet 
Description: Oblong target 
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SS1038 
 
•  (X) 321645  (Y) 5436 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 6.5 US Feet 
Target Length: 11.9 US Feet 
Target Width: 9.0 US Feet 
Description: Oblong target 
 

 

SS1039 
 
•  (X) 327384  (Y) 10084 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 2.6 US Feet 
Target Length: 19.4 US Feet 
Target Width: 4.9 US Feet 
Description: Rectagular target 
 

 

SS1040 
 
•  (X) 329819  (Y) 19947 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 4.9 US Feet 
Target Length: 17.1 US Feet 
Target Width: 9.2 US Feet 
Description: Oblong target 
 

 

SS1041 
 
•  (X) 330886  (Y) 21149 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.1 US Feet 
Target Length: 15.0 US Feet 
Target Width: 9.5 US Feet 
Description: Angular target 
 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-13 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

 

SS1042 
 
•  (X) 326942  (Y) 10282 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 6.2 US Feet 
Target Length: 25.3 US Feet 
Target Width: 11.8 US Feet 
Description: Oblong target 
 

 

SS1043 
 
•  (X) 331546  (Y) 15739 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 4.1 US Feet 
Target Length: 16.5 US Feet 
Target Width: 7.6 US Feet 
Description: Oblong target 
 

 

SS1044 
 
•  (X) 313546  (Y) 11189 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.0 US Feet 
Target Length: 38.2 US Feet 
Target Width: 15.3 US Feet 
Description: 2-3 linear targets 
 

 

SS1045 
 
•  (X) 312673  (Y) 10391 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 7.0 US Feet 
Target Length: 15.4 US Feet 
Target Width: 6.8 US Feet 
Description: Oblong target 
 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-14 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

 

SS1046 
 
•  (X) 312446  (Y) 10120 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 6.0 US Feet 
Target Length: 19.5 US Feet 
Target Width: 8.6 US Feet 
Description: Angular target 
 

 

SS1047 
 
•  (X) 311065  (Y) 9402 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.9 US Feet 
Target Length: 13.9 US Feet 
Target Width: 6.7 US Feet 
Description: Angular target 
 

 

SS1048 
 
•  (X) 317242  (Y) 5728 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 6.6 US Feet 
Target Length: 12.0 US Feet 
Target Width: 8.5 US Feet 
Description: Oblong target 
 

 

SS1049 
 
•  (X) 316095  (Y) 5413 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 4.1 US Feet 
Target Length: 23.1 US Feet 
Target Width: 8.8 US Feet 
Description: Rectangular target 
 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-15 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

 

SS1051 
 
•  (X) 312286  (Y) 8764 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 6.9 US Feet 
Target Length: 31.1 US Feet 
Target Width: 21.9 US Feet 
Description: Oblong target 
 

 

SS1052 
 
•  (X) 314002  (Y) 8785 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 5.1 US Feet 
Target Length: 27.8 US Feet 
Target Width: 5.3 US Feet 
Description: Oblong target 
 

 

SS1053 
 
•  (X) 325989  (Y) 24991 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.5 US Feet 
Target Length: 7.6 US Feet 
Target Width: 3.0 US Feet 
Description: Oblong target 
 

 

SS1054 
 
•  (X) 325045  (Y) 28273 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 8.5 US Feet 
Target Length: 2.1 US Feet 
Target Width: 1.4 US Feet 
Description: Small target 
 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-16 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

 

SS1055 
 
•  (X) 320775  (Y) 34540 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.0 US Feet 
Target Length: 6.7 US Feet 
Target Width: 1.6 US Feet 
Description: Oblong target 
 

 

SS1056 
 
•  (X) 320216  (Y) 34812 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.4 US Feet 
Target Length: 4.9 US Feet 
Target Width: 3.0 US Feet 
Description: Oblong target 
 

 

SS1057 
 
•  (X) 319668  (Y) 35245 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.2 US Feet 
Target Length: 5.8 US Feet 
Target Width: 1.0 US Feet 
Description: Linear target 
 

 

SS1058 
 
•  (X) 318722  (Y) 35733 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 1.0 US Feet 
Target Length: 7.3 US Feet 
Target Width: 3.1 US Feet 
Description: Oblong target 
 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-17 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

 

SS1059 
 
•  (X) 316510  (Y) 36521 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.5 US Feet 
Target Length: 11.3 US Feet 
Target Width: 3.3 US Feet 
Description: Oblong target 
 

 

SS1060 
 
•  (X) 316933  (Y) 36755 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.4 US Feet 
Target Length: 7.9 US Feet 
Target Width: 1.0 US Feet 
Description: Linear target 
 

 

SS1061 
 
•  (X) 315937  (Y) 37259 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.6 US Feet 
Target Length: 30.5 US Feet 
Target Width: 8.6 US Feet 
Description: Oblong target 
 

 

SS1062 
 
•  (X) 314957  (Y) 37441 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.2 US Feet 
Target Length: 83.3 US Feet 
Target Width: 1.0 US Feet 
Description: Linear target 
 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-18 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

 

SS1063 
 
•  (X) 315162  (Y) 37194 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.0 US Feet 
Target Length: 197.9 US Feet 
Target Width: 1.5 US Feet 
Description: Linear target 
 

 

SS1064 
 
•  (X) 325077  (Y) 26111 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.5 US Feet 
Target Length: 14.7 US Feet 
Target Width: 2.5 US Feet 
Description: Oblong target 
 

 

SS1065 
 
•  (X) 324872  (Y) 26322 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.6 US Feet 
Target Length: 19.8 US Feet 
Target Width: 8.3 US Feet 
Description: Oblong target 
 

 

SS1066 
 
•  (X) 323467  (Y) 30499 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.0 US Feet 
Target Length: 18.2 US Feet 
Target Width: 4.2 US Feet 
Description: Oblong target 
 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-19 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

 

SS1067 
 
•  (X) 323074  (Y) 31281 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 1.8 US Feet 
Target Length: 5.8 US Feet 
Target Width: 1.6 US Feet 
Description: Oblong target 
 

 

SS1068 
 
•  (X) 321277  (Y) 33239 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.8 US Feet 
Target Length: 6.7 US Feet 
Target Width: 2.0 US Feet 
Description: Oblong target 
 

 

SS1069 
 
•  (X) 316530  (Y) 36101 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 1.4 US Feet 
Target Length: 11.5 US Feet 
Target Width: 4.2 US Feet 
Description: 2 oblong target 
 

 

SS1072 
 
•  (X) 311488  (Y) 36930 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.6 US Feet 
Target Length: 29.0 US Feet 
Target Width: 4.8 US Feet 
Description: Oblong target 
 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-20 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

 

SS1073 
 
•  (X) 312535  (Y) 3707 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.3 US Feet 
Target Length: 12.5 US Feet 
Target Width: 3.3 US Feet 
Description: Oblong target 
 

 

SS1074 
 
•  (X) 317532  (Y) 35445 
 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.6 US Feet 
Target Length: 22.2 US Feet 
Target Width: 1.9 US Feet 
Description: Oblong target 
 

 

SS1075 
 
•  (X) 317581  (Y) 35409 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 1.4 US Feet 
Target Length: 4.6 US Feet 
Target Width: 3.3 US Feet 
Description: Oblong target 
 

 

SS1076 
 
•  (X) 317805  (Y) 35171 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.1 US Feet 
Target Length: 19.5 US Feet 
Target Width: 10.2 US Feet 
Description: Oblong target 
 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-21 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

 

SS1078 
 
•  (X) 325359  (Y) 24472 
 
 
 
 
 
 
 
 

 
Dimensions 
Target Height: 0.0 US Feet 
Target Length: 9.1 US Feet 
Target Width: 4.7 US Feet 
Description: Oblong target 
 

 

SS1079 
 
•  (X) 321203  (Y) 32570 
 
 
 
 
 

 
Dimensions 
Target Height: 0.8 US Feet 
Target Length: 13.9 US Feet 
Target Width: 5.9 US Feet 
Description: Oblong target 
 

 
Notes: 

1. Coordinates are referenced to RI State Plane, Zone 3800, NAD83, in feet.   
2. Target dimensions are based on the acoustic reflection and may not represent the actual size of the 

object (due to orientation of object relative to sonar, partial burial of object, etc.).   
 

  



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-22 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Side Scan Sonar Targets; BIWF Cables Routes and APE-Indirect 

Target 
ID1 Easting2 Northing2 Length3 Width3 Height3 Description 

Magnetic 
Association4 

 
feet feet feet feet feet 

  SS9 310703 36693 6 2 0 Oblong target M1069 
SS11 311155 36709 11 1 0 Linear target   
SS12 311118 36756 8 4 1 Oblong target M1079 
SS13 311338 36655 10 2 0 Linear target   

SS14 313318 37666 8 5 1 Oblong target 

M109, 
M301, 
M1833 

SS15 313199 37663 27 5 2 Linear target M1832 
SS16 313255 37603 8 3 1 Oblong target   
SS67 311156 36481 10 1 0 Elongate target M1825 

SS1000 328734 21621 23.7 14.6 5.3 Oblong target   
SS1001 328488 21474 12.1 4.9 3.6 Rectangular target   
SS1002 325164 19680 8.3 4.1 5.4 Oblong target   
SS1003 325583 23042 10.9 3.2 2.0 Oblong target   
SS1004 312391 6449 13.5 11.7 6.9 Oblong target   
SS1005 312940 6790 18.3 10.6 4.9 Oblong target   
SS1006 315017 7928 20.3 13.0 7.6 Angular target? M1760 
SS1008 323453 12873 15.9 3.6 2.3 Linear target   
SS1009 316521 7841 15.9 8.9 3.3 Oblong target   
SS1010 312486 9669 19.9 7.6 6.4 Oblong target   
SS1012 323625 16394 55.3 7.1 0.0 Linear target   
SS1013 327558 22153 10.2 8.0 3.5 Oblong target   
SS1014 314725 8813 12.0 7.6 5.0 Oblong target M1737? 
SS1015 313637 7982 12.4 8.5 5.6 Oblong target   
SS1016 327644 21538 25.0 5.6 4.7 Oblong target   
SS1017 313119 7445 18.0 8.8 5.0 Oblong target   
SS1018 314243 5925 26.0 14.8 9.1 Oblong target   
SS1019 316366 7428 17.0 5.5 5.9 Oblong target   

SS1020 314485 6955 16.6 10.2 6.8 Oblong target 
M1754? 
M1755? 

SS1021 330294 22528 15.6 16.0 7.0 Oblong target   
SS1022 328238 20122 22.0 5.0 1.4 Oblong target   
SS1023 329274 20993 14.7 8.6 3.8 Oblong target   
SS1024 330264 21450 18.5 6.6 5.2 Oblong target M1767? 
SS1025 329375 20095 21.0 8.9 3.9 2-3 oblong targets   
SS1026 319367 7724 11.9 10.8 7.1 Square target   
SS1027 317623 6427 23.0 9.6 5.2 Oblong target M1770? 
SS1028 314347 4657 10.4 7.6 4.9 Oblong target   
SS1029 319547 6587 11.4 7.5 6.8 Oblong target   
SS1030 320410 7052 10.5 6.0 4.5 Oblong target   
SS1031 319347 5523 15.3 10.1 5.8 Oblong target M1778? 
SS1032 319229 5151 21.1 12.1 5.4 Oblong target   
SS1033 315050 2896 12.2 15.6 7.1 Angular target   



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-23 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Side Scan Sonar Targets; BIWF Cables Routes and APE-Indirect 

Target 
ID1 Easting2 Northing2 Length3 Width3 Height3 Description 

Magnetic 
Association4 

 
feet feet feet feet feet 

  
SS1034 318570 3634 15.0 14.6 9.5 

Semi angular shaped 
target   

SS1035 318416 3791 19.5 6.4 4.9 Oblong target   
SS1036 316241 2376 17.6 6.0 4.9 Oblong target   
SS1037 318100 3232 21.0 6.7 5.1 Oblong target M1781? 
SS1038 321645 5436 11.9 9.0 6.5 Oblong target   
SS1039 327384 10084 19.4 4.9 2.6 Rectagular target   
SS1040 329819 19947 17.1 9.2 4.9 Oblong target   
SS1041 330886 21149 15.0 9.5 5.1 Angular target   
SS1042 326942 10282 25.3 11.8 6.2 Oblong target   
SS1043 331546 15739 16.5 7.6 4.1 Oblong target   
SS1044 313546 11189 38.2 15.3 5.0 2-3 linear targets   
SS1045 312673 10391 15.4 6.8 7.0 Oblong target   
SS1046 312446 10120 19.5 8.6 6.0 Angular target   
SS1047 311065 9402 13.9 6.7 5.9 Angular target   

SS1048 317242 5728 12.0 8.5 6.6 Oblong target 
M1798? 
M1797? 

SS1049 316095 5413 23.1 8.8 4.1 Rectangular target   
SS1051 312286 8764 31.1 21.9 6.9 Oblong target   
SS1052 314002 8785 27.8 5.3 5.1 Oblong target   
SS1053 325989 24991 7.6 3.0 0.5 Oblong target   
SS1054 325045 28273 2.1 1.4 8.5 Small target   
SS1055 320775 34540 6.7 1.6 0.0 Oblong target   
SS1056 320216 34812 4.9 3.0 0.4 Oblong target M1570? 
SS1057 319668 35245 5.8 1.0 0.2 Linear target   
SS1058 318722 35733 7.3 3.1 1.0 Oblong target   
SS1059 316510 36521 11.3 3.3 0.5 Oblong target M1675 
SS1061 315937 37259 30.5 8.6 0.6 Oblong target   
SS1062 314957 37441 83.3 1.0 0.2 Linear target M1670? 
SS1063 315162 37194 197.9 1.5 0.0 Linear target M1674? 
SS1064 325077 26111 14.7 2.5 0.5 Oblong target   
SS1065 324872 26322 19.8 8.3 0.6 Oblong target   
SS1066 323467 30499 18.2 4.2 0.0 Oblong target   
SS1067 323074 31281 5.8 1.6 1.8 Oblong target   
SS1068 321277 33239 6.7 2.0 0.8 Oblong target   
SS1069 316530 36101 11.5 4.2 1.4 2 oblong target   
SS1072 311488 36930 29.0 4.8 0.6 Oblong target   
SS1073 312535 37070 12.5 3.3 0.3 Oblong target M1702 
SS1074 317532 35445 22.2 1.9 0.6 Oblong target   
SS1075 317581 35409 4.6 3.3 1.4 Oblong target   
SS1076 317805 35171 19.5 10.2 0.1 Oblong target   
SS1078 325359 24472 9.1 4.7 0.0 Oblong target   

 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 3-24 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

 
Notes:  

1. Target ID numbers are non-sequential.   
2. Coordinates are referenced to RI State Plane, Zone 3800, NAD83, in feet.   
3. Target dimensions are based on the acoustic reflection and may not represent the actual size of the 

object (due to orientation of object relative to sonar, partial burial of object, etc.).   
4. ? symbolizes the magnetic anomaly is nearby, but not close enough to make a definitive correlation. 

 
 



  

 
 

Final Report  -- Marine Site Characterization Study,   
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 
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MAGNETIC ANOMALY LISTINGS 

 

 

 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 4-1 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M35 311384 37452 34 78 m+ 1609.1 3   

M36 311177 37329 55 66 m- 1610.4 4   

M37 311490 37095 13 52 m+ 3073.2 3   

M38 311622 37119 16 86 m+ 3073.9 3   

M39 311879 37215 20 106 m+ 3075.3 4   

M40 312905 37547 7 57 d 3080.7 5   

M41 313771 37833 9 81 m- 3085.3 5   

M42 314379 38032 12 86 m+ 3088.6 5   

M69 314351 37921 5 41 m- 5308.0 5   

M70 314170 37861 7 67 d 5308.9 5   

M71 313180 37532 15 47 m- 5314.0 5   

M72 312205 37205 12 83 m+ 5319.1 5   

M73 311251 37536 11 43 m- 5325.2 5   

M74 311330 37547 27 114 m+ 5325.5 5   

M75 311457 37578 20 87 m- 5326.2 5   

M84 314368 38128 12 84 d 5415.4 5   

M85 311919 37321 9 61 m+ 5428.0 5   

M86 311670 37238 24 94 m+ 5429.2 5   

M92 313312 37877 6 77 m+ 5529.7 5   

M93 311490 37272 9 86 m+ 5539.0 5   

M100 311329 37382 22 59 m+ 5656.6 5   

M102 312060 36757 20 83 m+ 5664.9 5   

M103 312032 36840 13 69 m+ 5665.3 5   

M104 311881 37305 24 72 d 5667.9 5   

M105 311833 37449 28 80 d 5668.5 5   

M106 311811 37525 6 36 m+ 5669.0 5   

M107 311795 37579 12 54 m+ 5669.2 5   

M109 313320 37642 26 63 m+ 5700.7 5 SS14 

M110 313479 37194 6 46 m+ 5703.0 6   

M112 313775 37837 24 108 d 5711.5 6   

M275 313065 37853 7 52 m+ 1317.7 5   

M276 311816 37444 41 58 m- 1324.3 5   

M283 313615 37929 6 29 m+ 1412.2 5   

M284 311185 37505 23 73 m+ 1426.7 5   

M286 311534 37655 17 69 m+ 1429.7 5   



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 4-2 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M290 314378 38079 16 63 di 1504.3 5   

M291 311970 37287 34 54 m+ 1516.9 5   

M292 311281 37460 16 70 m+ 1525.1 5   

M293 311724 37612 21 112 m+ 1527.5 5   

M300 314352 37970 15 70 di 1603.8 5   

M301 313316 37626 6 31 m+ 1609.2 6 SS14 

M302 313191 37587 26 90 di 1609.7 5   

M303 312134 37235 12 36 m+ 1615.3 5   

M304 311868 37144 10 57 m+ 1616.7 5   

M306 311497 37016 7 31 m+ 1619.8 5   

M307 311201 37304 76 54 m+ 1622.4 5   

M311 314385 37877 21 51 di 1699.8 5   

M312 313919 37728 8 32 m- 1702.3 5   

M313 312241 37172 7 48 m+ 1710.9 5   

M314 312057 37112 20 58 di 1712.0 5   

M315 311685 36984 10 54 m+ 1713.8 6   

M1058 310486 36870 39 44 m- 3709.0 3   

M1059 310737 36955 79 75 di 3716.0 3   

M1060 310809 36986 75 51 m+ 3717.8 3   

M1062 310466 36869 47 57 di 3809.5 3   

M1063 310834 36926 45 46 di 3820.0 3   

M1064 311110 37095 6 47 m+ 3828.4 3   

M1065 310545 37289 32 41 m+ 3942.5 3   

M1067 310907 36868 41 34 m+ 3959.5 3   

M1068 310938 36880 147 41 m+ 3960.1 3   

M1069 310731 36729 61 64 m- 4013.7 3 SS9 

M1070 310549 37195 41 43 m+ 4062.1 3   

M1071 310807 36707 117 132 di 4074.1 3   

M1072 310569 37144 117 77 m+ 4122.2 3   

M1073 310503 37109 60 85 m+ 4123.4 3   

M1074 310734 36619 31 34 m+ 4131.5 3   

M1075 310981 36741 45 63 m- 4136.6 3   

M1076 310646 37122 131 113 di 4182.5 3   

M1077 310758 36562 47 73 di 4193.2 3   

M1078 310989 36695 66 69 m+ 4197.9 3   

M1079 311162 36794 32 78 di 4201.4 3 SS12 



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 4-3 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M1080 310758 37130 21 67 m- 4240.1 3   

M1081 310951 36619 19 35 m+ 4256.1 3   

M1082 311030 36663 43 48 m+ 4257.7 3   

M1083 311364 36834 56 91 m- 4264.8 3   

M1084 311188 37315 15 47 m+ 4292.0 3   

M1085 310770 37076 25 48 m- 4300.0 3   

M1086 310780 36475 28 68 m- 4312.0 3   

M1087 311384 36796 100 132 di 4324.4 3   

M1228 310501 36900 20 43 m+ 4600.4 3   

M1229 310875 37196 17 47 m+ 4627.8 3   

M1230 310848 37243 26 83 di 4628.8 3   

M1234 310607 36725 27 57 di 4653.3 3   

M1501 325724 24042 7 124 di 323.1 5   

M1502 323253 31160 7 89 m+ 363.1 5   

M1503 320876 33809 77 99 di 385.1 3   

M1504 315962 36625 5 79 di 414.8 5   

M1505 314647 37355 9 112 m- 422.3 5   

M1506 312137 37238 10 42 m+ 436.5 4   

M1507 311872 37156 11 56 m+ 437.8 4   

M1508 311589 36873 40 89 m+ 1613.0 6   

M1509 312186 37041 9 49 m+ 1616.2 5   

M1510 312760 37212 9 100 m+ 1619.2 6   

M1511 314559 37175 9 110 di 1629.0 6   

M1512 321479 32871 8 140 di 1671.1 5   

M1513 321780 32557 18 204 m+ 1673.2 5   

M1514 326986 20278 10 145 di 1770.6 5   

M1515 326590 21661 12 168 di 1778.0 6   

M1516 320227 34423 10 149 m+ 1855.8 5   

M1517 319354 35004 9 179 m+ 1861.8 5   

M1518 318736 35328 6 72 m+ 1865.2 5   

M1519 318547 35424 11 122 di 1866.1 5   

M1520 316540 36745 11 109 di 1907.6 5   

M1521 319950 34865 10 94 m+ 1929.7 6   

M1522 325207 27301 10 119 m- 1980.7 5   

M1523 326499 22736 9 221 m+ 2004.4 5   

M1524 327671 18590 6 90 m- 2026.0 6   



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 4-4 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M1525 326792 18738 7 244 di 2048.0 6   

M1526 326392 20178 8 116 m+ 2055.3 5   

M1527 325548 23183 8 171 di 2071.0 5   

M1528 321901 32130 15 157 m+ 2123.3 5   

M1529 321770 32277 11 125 m+ 2124.2 6   

M1530 321395 32665 8 108 m+ 2127.0 6   

M1531 319927 33932 10 129 m+ 2137.8 5   

M1532 316250 36008 25 65 m+ 2160.1 5   

M1533 313474 37228 10 119 di 2176.5 5   

M1534 312397 36911 38 1386 cd 2182.0 3   

M1535 313378 38175 6 77 di 2188.2 5   

M1536 314950 37303 7 54 di 2197.5 4   

M1537 315420 37044 7 49 m+ 2200.2 5   

M1538 320098 34432 10 330 cd 2230.0 5   

M1539 320910 33877 5 101 di 2236.0 6   

M1540 322185 32577 22 319 cd 2245.0 5   

M1541 324483 28575 11 223 m+ 2270.0 5   

M1542 324641 28158 8 114 m+ 2273.2 5   

M1543 327137 18640 8 138 di 2337.0 5   

M1544 325907 23006 8 176 m+ 2359.7 6   

M1545 322593 31795 10 145 m+ 2409.5 6   

M1546 322085 32387 12 140 m+ 2414.3 6   

M1547 321915 32566 9 136 m+ 2415.5 5   

M1548 322223 32794 22 169 m- 2421.3 5   

M1549 321919 32461 14 199 di 2421.7 6   

M1550 321704 32239 12 164 di 2421.9 5   

M1551 319254 34763 17 176 m- 2445.8 5   

M1552 314829 37137 13 121 m+ 2469.8 5   

M1553 314553 37293 13 111 di 2471.4 5   

M1554 314155 37512 7 70 m- 2473.7 5   

M1555 319368 35111 34 327 cd 2512.5 5   

M1556 319790 34851 6 152 di 2515.0 5   

M1557 320393 34428 12 181 di 2518.8 5   

M1558 322276 32719 28 397 cd 2532.0 5   

M1559 325593 25564 11 137 di 2571.2 6   

M1560 326094 23797 11 245 di 2580.6 5   
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BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M1561 326345 22918 12 174 m+ 2585.2 5   

M1562 326759 21466 8 147 m+ 2592.8 5   

M1563 325725 22910 9 233 cd 2643.7 5   

M1564 322756 31226 16 194 m+ 2690.5 5   

M1565 321676 32482 14 245 m+ 2700.1 5   

M1566 312188 36946 24 935 cd 2758.0 5   

M1567 314372 38061 11 110 m- 2766.7 5   

M1568 319840 35038 20 207 di 2800.9 7   

M1569 319977 34947 6 135 di 2801.7 6   

M1570 320099 34863 17 239 m+ 2802.4 6 SS1056? 

M1571 322306 32970 14 122 m- 2832.0 5   

M1572 324239 30312 5 54 m- 2848.3 5   

M1573 326361 23553 15 214 m+ 2883.7 6   

M1574 326584 22783 9 155 m+ 2887.9 6   

M1575 327264 20367 9 143 di 2900.2 5   

M1576 326314 20111 7 195 di 2930.2 5   

M1577 326306 20138 7 155 di 2930.3 5   

M1578 326161 20650 12 149 m- 2933.0 5   

M1579 326164 20639 12 166 m- 2933.0 5   

M1580 325970 21311 6 85 di 2936.2 6   

M1581 325976 21294 6 123 di 2936.2 6   

M1582 321797 32099 17 170 di 2998.3 5   

M1583 321814 32080 17 127 m+ 2998.3 5   

M1584 319972 33780 23 148 di 3011.9 5   

M1585 319972 33780 23 143 di 3011.9 5   

M1586 319594 34042 7 201 di 3014.0 5   

M1587 314105 37094 12 155 m+ 3046.6 6   

M1588 314102 37096 12 154 m+ 3046.8 6   

M1589 312115 36724 27 1087 cd 3058.0 5   

M1590 312019 36694 27 611 cd 3058.5 4   

M1591 325732 15381 7 151 m- 3661.8 5   

M1592 325326 14829 10 146 m+ 3666.1 5   

M1593 321328 10911 21 98 di 3695.1 5   

M1594 317583 8432 11 145 m+ 3718.4 5   

M1595 321472 10795 10 67 m- 3751.2 5   

M1596 318868 9344 10 148 di 3875.6 5   
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BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M1597 326007 15300 10 90 di 3950.5 5   

M1598 324360 13005 8 85 m- 4147.4 5   

M1599 321899 10721 13 189 m+ 4164.2 6   

M1600 321903 32551 8 143 m+ 5040.2 5   

M1601 322018 32668 12 132 m- 5041.0 5   

M1602 320211 34422 9 80 m+ 5081.5 5   

M1603 320043 34175 9 115 m+ 5083.0 5   

M1604 319932 33988 17 153 di 5084.0 5   

M1605 319928 34878 10 140 m+ 5094.7 6   

M1606 319265 34774 13 99 m- 5104.5 5   

M1608 312257 37131 5 36 m+ 5129.9 5   

M1609 317872 35296 6 90 di 5134.1 6   

M1612 326853 16379 6 51 m- 8766.1 5   

M1613 318855 9391 8 98 m- 8847.0 5   

M1614 325202 14933 5 146 m+ 8892.0 6   

M1615 325533 15350 6 117 m- 8895.0 5   

M1616 324997 13791 13 55 m+ 8947.8 6   

M1617 324337 13065 9 68 m+ 8952.7 6   

M1618 317582 8451 10 108 m+ 9002.8 5   

M1619 324470 13947 5 61 di 9049.3 5   

M1620 325698 15404 7 149 di 9059.9 5   

M1621 325790 14535 12 57 di 9100.2 4   

M1622 320656 9695 4 39 m+ 9137.4 5   

M1623 318581 9332 6 86 di 9168.7 5   

M1624 319658 10010 5 73 m+ 9175.2 5   

M1625 325183 15056 10 117 m+ 9215.6 6   

M1626 325452 15401 6 115 m+ 9217.9 5   

M1627 321975 11128 12 63 di 9281.9 5   

M1628 321537 10769 12 41 di 9284.7 5   

M1629 319243 9177 21 53 m+ 9299.7 5   

M1630 317617 8866 8 90 m+ 9320.2 5   

M1631 320476 10653 3 74 di 9338.2 6   

M1632 325116 15137 8 120 m+ 9372.5 6   

M1633 326385 16918 3 95 di 9383.6 5   

M1634 317591 8395 8 145 m+ 9482.9 6   

M1635 325360 14846 4 97 m+ 9536.9 6   
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BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M1636 325753 15361 4 98 m- 9540.2 5   

M1637 324526 27371 15 74 di 15.5 5   

M1638 325811 22868 7 82 m+ 39.0 6   

M1639 326305 20363 6 46 m- 82.3 5   

M1640 324265 29055 8 54 di 141.3 5   

M1641 326841 20340 24 86 di 187.4 5   

M1642 327417 18281 20 72 di 198.2 5   

M1643 325584 23257 4 50 m+ 230.9 5   

M1644 324689 28170 4 61 m- 232.8 6   

M1645 324947 27324 3 46 m- 282.3 5   

M1646 326155 23085 6 85 di 308.8 5   

M1647 326641 20244 4 51 m+ 353.2 5   

M1648 325891 22876 39 71 m+ 367.2 5   

M1649 325860 22984 12 137 m+ 367.6 5   

M1650 325708 23525 4 41 m+ 370.4 6   

M1651 325643 23764 3 37 m- 371.7 5   

M1652 324122 28812 10 58 di 399.2 5   

M1653 325551 25561 13 77 di 432.3 5   

M1654 326062 23742 4 67 m+ 441.7 5   

M1655 326950 20609 12 70 m+ 458.0 6   

M1656 327184 18665 7 124 m+ 482.6 5   

M1657 326695 20389 4 30 m+ 491.5 5   

M1658 325953 22994 4 52 m+ 505.2 5   

M1659 324245 28750 5 41 di 536.3 5   

M1660 324207 28862 9 57 di 536.9 5   

M1661 325161 27253 21 79 di 561.8 5   

M1662 325991 24309 4 36 m+ 577.2 6   

M1663 326389 22913 8 73 m+ 584.6 5   

M1664 326586 22528 4 38 m+ 642.5 5   

M1665 326403 23159 8 95 m+ 645.7 5   

M1670 315053 37411 8 50 di 827.3 6 SS1062? 

M1671 319342 35112 33 62 di 853.6 6   

M1672 319406 35080 22 55 m+ 853.9 6   

M1673 314517 37147 9 82 m- 883.9 5   

M1674 315289 37169 5 52 m+ 899.8 5 SS1063? 

M1675 316467 36511 23 63 di 906.8 5 SS1059 
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BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M1676 317580 35889 3 30 m+ 914.2 5   

M1677 318521 35407 3 46 m+ 919.9 5   

M1678 318869 34654 6 49 di 924.6 5   

M1679 315873 36272 6 40 m- 945.1 5   

M1680 315125 36689 10 53 m+ 949.2 5   

M1681 314490 37047 3 28 m- 952.8 5   

M1682 314386 37894 16 82 di 958.0 6   

M1683 315898 37050 5 42 m+ 966.9 5   

M1684 317433 36194 4 46 m+ 976.0 5   

M1685 315296 37496 6 72 m+ 1027.2 6   

M1686 316439 36860 5 85 m+ 1033.7 6   

M1687 317517 36255 7 47 m- 1040.2 5   

M1688 318816 34906 10 68 di 1056.3 5   

M1689 314565 37228 11 45 m- 1080.8 5   

M1690 314060 37514 6 54 m+ 1083.7 5   

M1691 315634 36854 7 52 di 1098.2 5   

M1692 319256 34789 40 62 m- 1121.3 5   

M1693 315092 37046 6 42 m+ 1145.2 5   

M1694 313911 37707 7 53 di 1151.7 5   

M1695 313395 37433 5 44 di 1159.2 5   

M1696 312746 37251 9 82 m+ 1162.5 5   

M1697 312287 37119 4 47 di 1164.8 5   

M1698 311782 36907 8 65 m+ 1170.0 5   

M1699 312196 37033 7 62 di 1172.2 6   

M1700 312766 37203 10 55 m+ 1175.3 5   

M1701 312774 37160 8 65 m+ 1191.2 5   

M1702 312534 37092 8 40 m- 1192.3 5 SS1073 

M1703 312415 37056 7 40 m+ 1192.9 5   

M1704 311676 36845 9 75 m+ 1196.7 5   

M1705 311427 36669 44 64 m+ 1200.7 5   

M1706 311913 36797 13 39 m+ 1203.4 4   

M1707 313688 37221 13 49 di 1219.0 5   

M1708 312606 36907 9 72 di 1224.5 5   

M1709 312102 36763 18 82 m- 1227.0 5   

M1710 311928 36710 17 69 m+ 1227.9 5   

M1711 312025 10098 10 100 di 1725.5 4   
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BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M1712 312848 10604 13 108 di 1730.3 5   

M1713 313220 10833 12 83 m- 1732.5 5   

M1714 314083 11366 39 213 m+ 1737.4 7   

M1715 320641 16121 13 76 m- 1782.6 5   

M1716 324788 21560 7 77 m+ 1817.8 5   

M1717 325617 22722 4 25 m+ 1825.1 5   

M1718 320945 15678 7 54 m- 1890.8 5   

M1719 318639 13644 9 61 m+ 1906.8 6   

M1720 314748 11188 14 162 m- 1930.7 5   

M1721 313582 10468 12 47 m+ 1937.4 5   

M1722 312977 10094 6 50 di 1940.8 5   

M1723 312518 9813 10 83 di 1943.6 5   

M1724 311487 9173 10 89 m+ 1949.6 6   

M1725 311861 8834 7 59 m- 1956.5 5   

M1726 314338 10363 9 69 m- 1970.9 6   

M1727 322823 17072 3 49 di 2030.8 5   

M1728 325259 20511 3 53 m- 2051.8 5   

M1729 326803 22690 4 40 m- 2065.4 5   

M1730 323591 17305 6 89 m+ 2113.4 6   

M1731 315924 10762 7 54 m+ 2166.8 6   

M1732 314059 9620 13 114 m+ 2177.6 6   

M1733 312082 7814 13 68 m+ 2195.7 4   

M1734 313377 8617 17 68 m+ 2203.3 5   

M1735 327339 21762 6 49 m+ 2306.3 5   

M1736 313063 7879 6 28 m- 2323.3 5   

M1737 314641 8835 11 88 m+ 2332.3 5 SS1014? 

M1738 320241 12476 5 26 m- 2366.8 5   

M1739 323123 15220 8 95 m- 2389.8 5   

M1740 324337 16720 8 108 m+ 2400.7 5   

M1741 325933 18939 7 56 m- 2414.3 5   

M1742 328584 22702 3 44 m+ 2437.3 5   

M1743 324920 16640 6 56 m+ 2480.3 5   

M1744 320581 12092 6 47 d 2513.5 6   

M1745 318421 10576 8 51 m+ 2527.8 5   

M1746 314227 7988 15 105 m- 2552.2 5   

M1747 312594 6970 20 129 m+ 2562.0 6   
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BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M1748 314198 5678 14 83 m+ 2584.5 5   

M1749 313688 5961 11 78 m+ 2593.8 5   

M1750 313794 6026 7 60 m+ 2594.6 5   

M1751 314531 6477 10 64 m+ 2598.7 6   

M1752 314874 6682 10 45 m+ 2600.8 4   

M1753 315683 7768 17 117 m+ 2634.4 6   

M1754 314483 7016 9 50 m- 2641.5 6 SS1020? 

M1755 314370 6951 23 92 m+ 2642.3 6 SS1020? 

M1756 313751 6561 16 47 m+ 2646.0 5   

M1757 313590 6461 18 104 m+ 2647.0 5   

M1758 313302 6283 14 88 m+ 2648.7 5   

M1759 313152 6783 18 100 m+ 2656.0 5   

M1760 315026 7928 7 40 m+ 2666.7 5 SS1006 

M1761 323770 14477 13 54 m+ 2734.0 5   

M1762 327881 19995 13 69 m+ 2769.5 6   

M1763 328260 20541 7 66 m+ 2772.9 5   

M1764 328826 21337 7 35 m+ 2777.8 5   

M1765 328758 20364 9 64 m+ 2797.7 5   

M1766 328996 19854 11 102 m+ 2834.1 5   

M1767 330149 21499 15 126 di 2844.0 5 SS1024? 

M1768 329172 17532 18 63 m- 2872.9 5   

M1769 326389 13688 35 73 di 2877.6 5   

M1770 317415 6487 13 70 m+ 2957.5 5 SS1027? 

M1771 318132 5771 5 64 m+ 3001.2 6   

M1772 332311 18560 20 141 di 3120.7 5   

M1773 330606 16141 14 61 di 3135.5 5   

M1774 328946 13797 19 89 m+ 3149.8 6   

M1775 323747 8315 10 55 m- 3189.8 5   

M1776 320923 6331 9 95 di 3208.1 6   

M1777 320168 5871 12 114 m+ 3212.4 5   

M1778 319340 5359 7 51 m+ 3217.3 5 SS1031? 

M1779 316960 3879 7 62 m+ 3231.4 6   

M1780 316063 3322 9 81 m+ 3236.6 6   

M1781 318036 3400 5 29 m+ 3262.7 5 SS1037? 

M1782 320484 4923 10 88 m- 3276.9 5   

M1783 321712 5683 8 59 m+ 3284.3 6   
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BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M1784 323568 6909 11 78 m+ 3296.6 5   

M1785 326334 9204 7 51 m+ 3315.5 6   

M1786 329239 12548 4 50 di 3338.7 5   

M1787 331335 21424 11 31 m+ 3373.8 5   

M1788 331226 21266 13 78 di 3374.9 6   

M1789 329324 18590 6 49 m+ 3391.3 5   

M1790 320249 8816 8 77 m+ 3461.3 6   

M1791 318347 7630 8 87 m+ 3472.5 5   

M1792 316243 6336 8 63 di 3484.8 6   

M1793 315747 6028 8 75 m+ 3487.7 6   

M1794 314337 5157 12 150 m+ 3496.4 5   

M1795 313943 4912 7 80 m+ 3498.5 6   

M1796 316884 5591 5 31 m+ 3518.5 4   

M1797 317102 5721 7 55 di 3519.8 5 SS1048? 

M1798 317213 5786 9 97 m+ 3520.5 4 SS1048? 

M1799 317388 5897 13 94 m+ 3521.6 5   

M1800 318643 6673 9 84 di 3529.0 5   

M1801 328535 15797 14 107 m+ 3600.1 5   

M1802 331598 20137 5 38 m+ 3628.8 5   

M1803 332548 19754 85 69 m- 3639.4 5   

M1804 332302 19408 16 94 m- 3641.4 6   

M1805 320723 6797 9 53 m- 3730.6 5   

M1806 327095 10793 12 89 m+ 3841.4 5   

M1807 327434 11171 11 107 m+ 3843.9 6   

M1808 332305 17720 46 108 di 3885.8 6   

M1809 332351 16910 24 108 m- 3918.4 5   

M1810 325200 22122 9 92 m+ 4011.8 5   

M1811 315967 12519 5 39 m+ 4081.9 6   

M1812 314092 11366 47 231 m+ 4092.8 6   

M1813 313219 10820 10 58 m- 4097.8 5   

M1814 311610 9825 14 106 m+ 4107.3 5   

M1815 324929 21745 5 28 m+ 4014.1 5   

M1816 310783 36455 38 88 di 4365.8 3   

M1817 311423 36667 49 86 m+ 4377.9 3   

M1818 311628 37080 6 72 m+ 4405.1 1   

M1819 311415 37026 16 87 m+ 4408.9 1   
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BIWF and Export Cable Route, Offshore Block Island, Rhode Island 

Magnetic Anomalies; BIWF Cable Routes and APE-Indirect 

Anomaly 
ID1 Easting 2 Northing2 Amplitude Duration Type3 Event Altitude 

Sonar 
Association4 

  feet feet gammas feet     meters   

M1820 311266 36978 7 52 m+ 4411.6 1   

M1821 311224 36965 24 92 di 4412.4 1   

M1822 311018 36894 35 100 m- 4416.1 3   

M1823 310761 36810 82 157 m+ 4420.7 3   

M1824 310946 36452 59 102 m- 4435.1 3   

M1825 311132 36479 52 71 di 4476.9 3 SS67 

M1826 311392 36504 51 138 m+ 4526.5 3   

M1827 310939 36352 47 108 m+ 4534.2 3   

M1828 310732 36282 36 63 m+ 4538.0 3   

M1829 311406 36706 121 145 m- 4551.2 3   

M1830 312905 37538 22 95 di 6357.8 5   

M1831 313111 37607 6 47 m+ 6358.9 5   

M1832 313189 37635 9 99 di 6359.3 5 SS15 

M1833 313342 37691 16 88 di 6360.2 6 SS14 

M1834 313770 37828 18 117 m- 6362.4 5   

M1835 313836 37607 26 85 di 6371.0 5   

M1836 319936 34779 10 107 m+ 6401.8 5   

M1837 320056 34693 12 78 m+ 6402.5 5   

M1838 320357 34475 10 82 m+ 6404.5 5   

M1839 320144 34271 8 56 m+ 6411.6 4   

M1840 319211 34893 8 59 m- 6417.1 4   

M1841 326001 22889 6 63 di 6488.6 5   

M1842 325989 15319 7 74 di 6542.8 5   

M1843 317607 8515 12 192 di 6678.1 5   
 
   Notes: 

1. Anomaly ID numbers are non-sequential.   
2. Coordinates are referenced to RI State Plane, Zone 3800, NAD83, in feet.   
3. Anomaly Types: m+=positive monopole, m-=negative monopole, di=dipole, cd=complex dipole 
4. ? symbolizes the sonar target is nearby, but not close enough to make a definitive correlation.   
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APPENDIX 5 

 

EQUIPMENT OPERATIONS AND PROCEDURES 

 

Applanix POS MV Differential Global Positioning System 

Applanix POSPAC Mobile Mapping Suite 

HYPACK Navigation Software 

Reson SeaBat 7101 Focused 455 kHz Multibeam Echosounder 

Innerspace Model 448, 200 kHz Single beam Depth Sounder 

Sea-Bird Electronics SBE19plus SEACAT Profiler 

Simrad “Osprey” 9030 Color Underwater Camera 

Klein 3000 Dual 100/500 kHz Side Scan Sonar System 

LinkQuest Tracklink 1500 USBL Acoustic Tracking System 

Applied Acoustics 200J, 0.5-8 kHz Boomer Seismic Reflection System 

EdgeTech 3200XS 2-16 kHz Chirp Subbottom Profiler 

Geometrics G882 Cesium Marine Magnetometer 

OSI Model BH1500 Vibratory Corer 
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BIWF and Export Cable Route, Offshore Block Island, Rhode Island  

EQUIPMENT OPERATIONS AND PROCEDURES 

 
Applanix POS MV Differential Global Positioning System 
 
The Applanix POS (Position and Orientation System) MV provides reliable, high-speed and 
high-precision positioning that utilizes the latest developments in aided inertial technology.  
The system components include a POS computer system (PCS), inertial measurement unit 
(IMU), primary and secondary GPS antennae, and all power, antenna, and interconnecting 
data cables.  The system not only provides the highest precision DGPS positioning, but also 
includes motion and compass measurements normally separate from other manufactured GPS 
systems.  The POS MV delivers a full six degree-of-freedom position and orientation 
solution to provide the following param:  position (latitude, longitude, elevation), velocity 
(north, east, vertical), attitude (roll, pitch, true heading), heave (real-time, delayed), 
acceleration vectors, and angular rate vectors.  The POS MV was engineered specifically for 
areas of problematic GPS/DGPS reception and demanding motion compensation 
applications, using inertial measurements during GPS dropouts or degraded differential 
correctors to maintain accurate navigation solutions.   
 
For this project, the POS MV was interfaced to a Trimble ProBeacon receiver that acquires 
differential correctors from U.S. Coast Guard reference stations.  The ProBeacon is 
interfaced to the POS MV receiver via RS232 connection.  In this system configuration, the 
manufacturer states a horizontal position accuracy of ±1 m, however, navigation checks 
performed each day typically show positioning repeatability of 0.3-0.5 m.  The POS MV 
system is interfaced to the HYPACK navigation software for trackline control and data 
logging.    
 
Applanix POS Pac Mobile Mapping Suite 
 
Vertical positioning of the survey vessel and depth sounder transducers was accomplished 
using a combination of the POS MV and POSPac Mobile Mapping System (MMS).  The 
POSPac MMS is the next generation software for direct georeferencing of survey sensors 
using GNSS and inertial technology, specifically integrated with the POS MV for marine 
mapping applications.  POSPac is a powerful post-survey software package that provides 
maximum accuracy and efficiency for georeferencing the multibeam echosounder data.  The 
suite incorporates the Applanix SmartBaseTM module that automatically selects, downloads, 
and imports the best available network of continuously operating reference stations (CORS) 
surrounding the project area.   
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The raw POS MV position measurements are adjusted for the differential corrections from 
the network reference stations and simultaneously processed along with the inertial 
measurement unit (IMU) data using Applanix IN-FusionTM technology to solve for GNSS 
ambiguities (ie. outages, atmospheric delays) and final vessel position and orientation.  
Position accuracies can approach those achieved using an RTK (real-time kinematic) system, 
thus eliminating the cost and time associated with establishing a local GPS reference station 
for the project.  In this manner, elevations for the vessel and transducers are obtained in order 
to reference the water depths to the MLLW datum.   
 
HYPACK Navigation Software 
 
Survey vessel trackline control and position fixing were obtained by utilizing an OSI 
computer-based data-logging package running HYPACK navigation software.  The computer 
is interfaced with the DGPS onboard the survey vessel.  Vessel position data were updated at 
100-millisecond intervals and input to the HYPACK navigation system which processes the 
geodetic position data into State Plane coordinates used to guide the survey vessel accurately 
along preselected tracklines.  The incoming data are logged on disk and processed in real 
time allowing the vessel position to be displayed on a video monitor and compared to each 
preplotted trackline as the survey progresses.  Digitized shoreline, NOAA charts, and the 
locations of existing structures, buoys, and control points can also be displayed on the 
monitor in relation to the vessel position.  The OSI computer logging system, combined with 
the HYPACK software, thus provide an accurate visual representation of survey vessel 
location in real time, combined with highly efficient data logging capability and post-survey 
data processing and plotting routines.   
 
Prior to and during the reconnaissance field work, trackline files were generated for use with 
the navigation software which included the lines to be surveyed each day.  Review and 
interpretation of previous days’ investigations allowed new planned line files to be developed 
for surveying areas of interest.   
 
Reson SeaBat 7101 Focused 455 kHz Multibeam Echosounder 
 
Precision swath water depth measurements are obtained by using a SeaBat 7101 digital 
multibeam echosounder capable of recording water depths of over 1,000 ft.  The SeaBat 7101 
system operates at a frequency of 240 kHz and measures up to 40 swaths per second with 
511 individual soundings in each swath.  This swath configuration provides complete bottom 
coverage over a 150° wide by 1.5° long geometrically correct cross section.  Real time roll 
stabilization combined with the equidistant sounding density maximizes usable swath width.  
Depending on site conditions, the system can be operated at speeds upwards of 10 knots 
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while still maintaining 100% coverage of the bottom.  Digital data can be output through any 
of its RS-232 serial ports and displayed on a high-resolution color monitor.  The SeaBat 7101 
incorporates tide and draft corrections plus a calibration capability for local water mass 
sound speed. 
 
Innerspace Model 448 200kHz Single Beam Depth Sounder 
 
Precision single beam water depth measurements were obtained by employing an Innerspace 
Model 448 digital depth sounder with a 200 kilohertz, 3° beam width transducer.  The Model 
448 recorder provides precise, high-resolution depth records using a solid state thermal 
printer as well as digital data output which allows integration with the OSI computer-based 
HYPACK navigation system.  The Model 448 also incorporates both tide and draft 
corrections plus a calibration capability for local water mass sound speed.   
 
Sound speed calibrations are accomplished by performing "bar checks".  The bar check 
procedure consists of lowering an acoustic target, typically a 20 pound lead disk, on a 
measured sounding line, to the specified project depth.  The speed of sound control is 
adjusted such that the reflection from the disk is printed on the recorder precisely at this 
known depth.  The acoustic target is then raised to successively shallower depths and 
calibration readings at these depths are recorded.  Variations which exist in the indicated 
depth at these calibration points are incorporated in the sounding data processing to produce 
maximum accuracy in the resulting depth measurements.  Bar checks were performed at the 
beginning of each day to check the surface water mass sound speed in comparison with the 
CTD profiler.   
 
Bar checks are used for calibration when surveying in shallow water areas of generally less 
than 80 to 100 ft.  For depth sounder calibration in the deeper water a Sea-Bird SBE19 CTD 
Profiler is utilized to measure the temperature, salinity, and density of the entire water 
column from which sound velocity can be calculated and input to the 448 recorder and Reson 
multibeam echsounder.  Both checks were performed during this field investigation for 
quality control and comparison.   
 
Sea-Bird Electronics SBE19plus SEACAT Profiler 
 
Water column velocity measurements were logged a minimum of three times daily using 
Sea-Bird Electronics 19plus SEACAT Profiler.  The SBE 19plus is the next generation 
personal CTD, bringing numerous improvements in accuracy, resolution, reliability and ease-
of-use.  The 19plus samples at 4 Hz, has a 0.005 accuracy and has 8 Mbytes of memory.  
Data are recorded in non-volatile FLASH memory and can be transferred and processed on a 
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PC.  The 19plus has a fast sampling and pump controlled TC-ducted flow configuration, 
significantly reducing salinity spiking caused by ship heave.   
 
The sound velocity profiles collected using the Sea-Bird are important for adjusting the 
multibeam and single beam depth soundings for velocity changes in the water column to 
attain the highest level depth accuracy possible.  Sound velocity is also input to the 
TrackLink USBL system for ensuring accurate time to distance conversions.   
 
Simrad “Osprey” 9030 Color Underwater Camera 
 
A Simrad “Osprey” underwater color camera was utilized for examination of the seafloor in 
areas of interest.  The system consists of a high resolution color video camera with 3.7 
millimeter wide angle lense, 250 watt light with adjustable light intensity, a 250 foot cable, 
and power supply unit which includes the light and manual override focus controls.  The 
“Osprey” camera features a corrosion and thermal shock resistant pressure housing made of 
stainless steel.  The camera is designed to be extremely low light sensitive, has automatic 
focus, and has multiple video output formats for recording.  The system includes a DVD 
recorder with color monitor which were used to record all the video information and a 
microphone with amplifier to allow real time narration of the underwater scenes, if desired.   
 
The power supply unit was mounted on the survey vessel for remote focus and light control 
while the camera and light were attached to a stainless steel sled frame designed for stable 
towing off the vessel.  Operationally, the camera and sled were towed at minimal vessel 
speeds, typically less than 1 knot, to maintain high quality video of the seafloor as the boat 
navigated along the transects.  The sled was usually towed at a height of 1-4 ft above the 
bottom due to the reduced visibility in the water column.  The video is annotated in real time 
on the imagery with date, time, and other survey information.   
 
Klein 3000 Dual 100/500 kHz Side Scan Sonar System 
 
Side scan sonar images of the bottom were collected using a Klein 3000 dual frequency, 
high-resolution sonar system operating at frequencies of 100 and 500 kilohertz.  The system 
consists of a topside computer, color monitor, keyboard, mouse, an EPC1086 dual-channel 
thermal graphic recorder, tow cable, and sonar towfish.  All system components are 
interfaced via a local network hub and cable connections.  The system contains an integrated 
navigational plotter which accepts standard NMEA 0183 input from a GPS system.  This 
allows vessel position to be displayed on the monitor and speed information to be used for 
controlling sonar ping rate.  Sonar sweep can also be plotted in the navigation window for 
monitoring bottom coverage in the survey area.   
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The hardware listed above is interfaced to the Klein SonarPro data acquisition and playback 
software package which runs on the topside computer.  All sonar images are stored digitally 
and can be enhanced real-time or post-survey by numerous mathematical filters available in 
the program software.  Imagery is displayed in a waterfall window in either normal or ground 
range (water column removed) formats.  Other software functions that are available during 
data acquisition include; changing range scale and delay, display color, automatic or manual 
TVG (time variable gain), speed over bottom, multiple enlargement zoom, target length, 
height, and area measurements, logging and saving of target images, and annotation 
frequency and content.  The power of this system is its real-time processing capability for 
determining precise dimensions of targets and areas on the bottom.   
 
As with many other marine geophysical instruments, the side scan sonar derives its 
information from reflected acoustic energy.  A set of transducers mounted in a compact 
towfish generate the short duration acoustic pulses required for extremely high resolution.  
The pulses are emitted in a thin, fan-shaped pattern that spreads downward to either side of 
the fish in a plane perpendicular to its path.  As the fish progresses along the trackline this 
acoustic beam sequentially scans the bottom from a point directly beneath the fish outward to 
each side of the survey trackline.   
 
Acoustic energy reflected from any bottom discontinuities is received by the set of 
transducers in the towfish, amplified and transmitted to the survey vessel via the tow cable 
where it is further amplified, processed, and converted to a graphic record by the side scan 
recorder.  The sequence of reflections from the series of pulses is displayed on a video 
monitor and/or dual-channel graphic recorder on which paper is incrementally advanced 
prior to printing each acoustic pulse.  The resulting output is essentially analogous to a high 
angle oblique "photograph" providing detailed representation of bottom features and 
characteristics.  This system allows display of positive relief (features extending above the 
bottom) and negative relief (such as depressions) in either light or dark opposing contrast 
modes on the video monitor.  Examination of the images thus allows a determination of 
significant features and objects present on the bottom within the survey area.   
 
LinkQuest Tracklink 1500 USBL Acoustic Tracking System 
 
The side scan sonar towfish position was tracked in real time utilizing LinkQuest’s Tracklink 
1500 acoustic tracking system for underwater positioning of towed sensors.  The Tracklink 
1500 systems are USBL (ultra short baseline) acoustic tracking systems with fully integrated 
high-speed acoustic communication ability using Broadband Acoustic Spread Spectrum 
technology.  The TrackLink Navigator Windows software integrates the TrackLink USBL 
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transceiver with the ship’s DGPS, gyrocompass, and motion sensor using serial 
communication.  The software displays the positions of the ship and up to 8 targets in various 
plots and textual displays.  It also interfaces to other computers for acoustic communication 
data and sends position data to other computers.  The TrackLink software interfaces 
smoothly with HYPACK navigation software.  TrackLink positions were recorded and 
offsets were calculated in real time with HYPACK and output to the digital side scan sonar 
data, providing for accurate and continuous position information on the side scan towfish.    
 
Applied Acoustics 200J,  0.5-8 kHz “Boomer” Seismic Reflection System 
 
Subsurface exploration was accomplished utilizing an Applied Acoustics 200 joule “boomer” 
seismic reflection system comprised of an AA200 boomer plate, CSP 300 power supply, 10 
element hydrophone array (eel), Octopus 760 Shallow Seismic Processor with filter and 
time-varied-gain system, and an EPC 1086 thermal paper recorder.  The Octopus 760 
processor is a universal amplifier and filter which includes TVG (time varied gain) with 
bottom tracking, automatic gain control, and a swell filter.  Digital seismic files were saved 
on the 760 (24 kHz sampling frequency) using a standard seismic data format (SEG Y) and 
printed in real time on the EPC 1086 recorder.   
 
The “boomer” employs a sound source that utilizes electrical energy discharged from a 
capacitor bank to rapidly move a metal plate in the transducer bed.  The short-duration 
motion of the metal plate creates a broadband (500–8,000 Hz) pressure wave capable of 
penetrating hundreds of ft of marine sediments under suitable site conditions.  In New 
England, these low frequency systems are used for any depth range to penetrate coarse 
glacial till commonly overlying bedrock.  Higher frequency seismic systems have greater 
difficulty resolving the top of rock with a coarse till overburden.   
 
Operationally, a seismic source (boomer) is used to create an intense, short duration acoustic 
pulse or signal in the water column.  This signal propagates downward to the bottom where it 
is partially reflected at the sediment-water interface, while the rest of the signal continues 
into the subbottom.  As the downward propagating signal encounters successive interfaces 
between layers of different material, similar partial reflections occur.  The characteristics of 
the materials which cause acoustic signals to behave in such a manner are defined primarily 
by the cross-product of the bulk density and the compressional wave velocity of each 
material, a quantity known as the acoustic impedance.  As a first approximation, the 
percentage of an acoustic signal which is reflected from an interface is directly proportional 
to the change in acoustic impedance across that interface.   
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The return signal consists of a continuous sequence of reflected energy that has a series of 
"peaks" correlative in intensity with the magnitude of change in acoustic impedance of the 
materials on either side of the interface.  These return signals received by the transducer array 
are subsequently converted to electrical voltages which indicate the intensity of the return 
and hence how strongly the return is printed on the graphic recorder.  Ambient noise is 
filtered out and the signal is then amplified with overall gain and/or TVG and displayed 
trace-by-trace iteratively on the recorder to yield a continuous display somewhat analogous 
to a geologic cross section.   
 
The subbottom profiling system is installed aboard the survey vessel along with other 
scientific instrumentation, all of which is operated simultaneously along the desired survey 
lines.  Both the energy source and the hydrophone array are deployed in an appropriate 
configuration to minimize the recording of background noise generated by the survey vessel.  
For this investigation, the seismic source and hydrophone array were deployed astern of the 
vessel and electronic filter settings were adjusted to an approximate bandwidth of 800-4,000 
Hz.  This towing configuration and filter setting provided a quiet environment even in 
moderately rough sea conditions.   
 
EdgeTech 3200XS 2-16 kHz “Chirp” Subbottom Profiler 
 
High-resolution subbottom profiling was accomplished utilizing an EdgeTech 3200 XStar 
Full Spectrum "Chirp" Subbottom Profiler system operating with frequencies of 2-16 kHz.  
The subbottom profiler consists of three components: the deck or topside unit (computer 
processor, amplifier, monitor, keyboard, and trackball), an underwater cable, and a Model 
216 towed vehicle housing the transducers.  Data are displayed on a color monitor and EPC 
1086 thermal printer while saved in a JSF proprietary digital format on the XS topside 
computer.   
 
The 3200 XS Chirp sonar is a versatile subbottom profiler that generates cross-sectional 
images and collects normal incidence reflection data over many frequency ranges.  The 
system transmits and receives an FM pulse signal generated via a streamlined towed vehicle 
(subsurface transducer array).  The outgoing FM pulse is linearly swept over a full spectrum 
range of 2-16 kHz for a period of approximately 20 milliseconds.  The acoustic return 
received at the hydrophone array is cross-correlated with the outgoing FM pulse and sent to 
the deck unit for display and archiving, generating a high-resolution image of the subbottom 
stratigraphy.  Because the FM pulse is generated by a converter with a wide dynamic range 
and a transmitter with linear components, the energy, amplitude, and phase characteristics of 
the acoustic pulse can be precisely controlled and enhanced.   
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The “chirp” subbottom profiler is designed for acquiring high-resolution subsurface data 
from the upper portions of the stratigraphic column (20-50 ft depending on site conditions).  
The higher end frequencies allow good resolution of subbottom layering while the lower end 
acoustic frequencies provide significant penetration.  This particular system is capable of 
providing excellent acoustic imagery of the nearsurface in a wide variety of marine 
environments.   
 
During data acquisition, all records were annotated with relevant supporting information, 
field observations, line number, run number, navigation event marks and numbers for later 
interpretation and correlation with vessel position data.   
 
Geometrics G882 Cesium Marine Magnetometer 
 
Total magnetic field intensity measurements were acquired along the survey tracklines using 
a Geometrics G882 cesium magnetometer that has an instrument sensitivity of 0.1 gamma.  
The G882 magnetometer system includes the sensor head with a coil and optical component 
tube, a sensor electronics package which houses the AC signal generator and mini-counter 
that converts the Larmor signal into a magnetic anomaly value in gammas, and a RS-232 data 
cable for transmitting digital measurements to a data logging system.  The cesium-based 
method of magnetic detection allows a center or nose tow configuration off the survey vessel, 
simultaneously with other remote sensing equipment, while maintaining high quality, quiet 
magnetic data with ambient fluctuations of less than 1 gamma.  The G882 also features an 
altimeter which outputs sensor height above the seafloor along with the magnetic intensity 
readings at a 10-hertz sampling rate.  Data were recorded on the OSI data-logging computer 
by the HYPACK software.   
 
The G882 magnetometer acquires information on the ambient magnetic field strength by 
measuring the variation in cesium electron energy level states.  The presence of only one 
electron in the atom’s outermost electron shell (known as an alkali metal) makes cesium ideal 
for optical pumping and magentometry.   
 
In operation, a beam of infrared light is passed through a cesium vapor chamber producing a 
Larmor frequency output in the form of a continuous sine wave.  This radio frequency field is 
generated by an H1 coil wound around a tube containing the optical components (lamp 
oscillator, optical filters and lenses, split-circular polarizer, and infrared photo detector).  The 
Larmor frequency is directly proportional to the ambient magnetic intensity, and is exactly 
3.49872 times the ambient magnetic field measured in gammas or nano-Teslas.  Changes in 
the ambient magnetic field cause different degrees of atomic excitation in the cesium vapor 
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which in turn allows variable amounts of infrared light to pass, resulting in fluctuations in the 
Larmor frequency.   
 
Although the earth's magnetic field does change with both time and distance, over short 
periods and distances the earth's field can be viewed as relatively constant.  The presence of 
magnetic material and/or magnetic minerals, however, can add to or subtract from the earth's 
magnetic field creating a magnetic anomaly.  Rapid changes in total magnetic field intensity, 
which are not associated with normal background fluctuations, mark the locations of these 
anomalies.   
 
Determination of the location of an object producing a magnetic anomaly depends on 
whether or not the magnetometer sensor passed directly over the object and if the anomaly is 
an apparent monopole or dipole.  A magnetic dipole can be thought of simply as a common 
bar magnet having a positive and negative end or pole.  A monopole arises when the 
magnetometer senses only one end of a dipole as it passes over the object.  This situation 
occurs mainly when the distance between opposite poles of a dipole is much greater than the 
distance between the magnetometer and the sensed pole, or when a dipole is oriented nearly 
perpendicular to the ambient field thus shielding one pole from detection. For dipolar 
anomalies, the location of the object is at the point of maximum gradient between the two 
poles.  In the case of a monopole, the object associated with the anomaly is located below the 
maximum or minimum magnetic value. 
 
OSI Model 1500 Vibratory Corer 
 
An OSI Model 1500 vibratory corer was used to obtain continuous core samples of 
unconsolidated sediments within the survey area.  The vibratory core rig used for this study 
utilized a standard 3.5 to 4-inch diameter steel core barrel, a clear plastic lexan liner, a cutter 
head or shoe, a core catcher, and a pneumatically driven vibratory head attached to the upper 
end of the core barrel.  The vibratory core unit requires an air compressor to power the piston 
inside the head of the corer, which is the driving force of the system.  A large stable platform 
is necessary to lay down the vibracore rig when not in use and provide support for the 
handling gear and hydraulic winches required to operate the rig.   
 
Once securely on station, the entire coring rig is lowered over the side or stern of the coring 
vessel via the crane, winch, and connecting cable.  The rig is lowered down through the 
water column to the bottom.  Once in contact with the bottom the vibratory head is activated 
and the winch cable is slackened.  The pneumatically powered vibratory head drives the core 
barrel into the underlying sediments while inducing only minor deformation in the 
sedimentary structures.  The pneumatic head achieves its vibratory motion by means of a 
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reciprocating air driven piston, powered by means of a flexible hose connected to a large-
capacity air compressor located onboard the coring vessel. 
 
Following penetration of the core barrel to the desired depth, the entire rig is lifted back 
onboard the vessel.  Once on deck, the liner containing the core is removed, cut into 
manageable sections, the ends capped and sealed, and the core sections are marked for 
orientation, identification, and post-survey analysis.  Only the accessible part of the core (top 
and bottom open ends) is examined to provide a brief sediment description onsite.  The cores 
are stored vertically to prevent mixing of the stratigraphic layers in the sample and offloaded 
at the dock to a secure storage facility.  Specific handling procedures for cores destined for 
chemical and/or biological analyses are followed carefully.   
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DATA PROCESSING AND ANALYSIS SUMMARY 

 

 
Navigation and Hydrographic Data 
 
During the field investigation, vessel navigation files were continuously processed and 
entered into AutoCAD drawings to verify survey coverage and assist with the onsite review 
of geophysical data.  Vessel tracklines with event labels were incorporated into the final 
presentations in AutoCAD.   
 
Upon completion of the field work, the multibeam data were processed using CARIS 
HIPS&SIPS Ver. 7.1 batch processor.  Hypack HYSWEEP HSX and raw data were 
converted to CARIS format and systematic corrections were applied, including but not 
limited to sound speed profiles, heave, vessel offset/alignment, tide and draft.  Depths were 
filtered based on project specific criteria and edited using the CARIS Swath Editor to 
eliminate noise, multipath returns, and fliers.  The editing process is performed with care to 
eliminate points attributed to objects in the water column (fish, floating debris, etc.) while 
preserving small features important to the project (boulders and other potential obstructions).  
Depth data were reviewed in subsets in the CARIS Map window and combined for additional 
data review of the entire survey coverage area.   
 
A total of 710 million raw data points were processed.  After editing and filtering, 
approximately 250 million points were used to generate surface models that placed the depth 
data into cell bins of a sufficient size to preserve the features of interest.  Shaded rendering 
maps were generated using a 5 by 5-ft grid cell within the software program Global Mapper, 
Version 13.  The processed x, y, z data for the survey areas were then contoured at an 
appropriate interval and presented in a plan view panel of the final drawing.  The color, sun-
illuminated relief maps provide detailed visualization of the bottom topography, often 
revealing features difficult to see in the contours.  Cross-sections of the depth data along the 
route centerline were generated in HYPACK 2011 TIN MODEL and combined with the 
subbottom data in the profile panel of the route alignment sheets.  Final presentations of the 
depth data were developed in AutoCAD.   
 
Subbottom Profile Data 
 
Once back in the office, digital seismic profiles were corrected for sound velocity, filtered, 
and enhanced to obtain maximum resolution for interpretation.  For the route centerline 
profile, the high frequency “chirp” profile was the focus of subsurface information.  
EdgeTech Discover Subbottom Processing software was used to review and interpret these 
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data for acoustic reflectors in the upper 10-20 ft of the stratigraphic column.  Each digital 
chirp image was properly scaled, amplified by overall gain and TVG (time variable gain) 
adjustments, and smoothed using a swell filter.  The final processed digital image was 
exported out of Discover for import to AutoCAD.   
 
Reflectors of interest were mapped on a gridded depth profile in AutoCAD and presented in 
the profile panel on the final route alignment drawing sheets.  In some places along the route 
where the “chirp” system did not achieve penetration, the “boomer” profile was reviewed for 
supplemental subbottom information.   
 
The low frequency “boomer” profiles were processed using the seismic analysis software 
REFLEXW (Sendmeier Software Version 6.0.5).  The program is a powerful 32 bit software 
package which runs in the Windows XP environment and allows the user full control over 
signal processing functions such as filtering, stacking, multiple suppression, a variety of gain 
adjustments, and many file manipulation options.  Once all static corrections, filtering, and 
gain adjustments have been completed, acoustic reflectors of interest to the project can be 
picked manually by the user or automatically by the program in a cross-sectional format on 
the monitor.  Adjustable threshold, amplitude scale, and gate window allow the automatic 
assignment of reflector picks to a selected phase.  Separate pick codes, colors, and layer 
names allow the user to organize and export multiple reflector picks in a variety of file 
formats.   
 
Since the vertical axis of the seismic records is signal travel time and not material thickness, 
a conversion from time to thickness or reflector depth was performed.  A constant 
propagation velocity of 5,000 ft per second (1,524 m per second) was used during depth and 
thickness computations as an average representative velocity of the saturated marine 
sediments in the site.  Multiple layer modeling of the seismic traces allows different 
velocities to be assumed for each layer, if necessary.  The program performs the time to 
distance/depth conversions using the input velocities and produces a corrected geologic cross 
section.  Digital files can be exported containing the bottom and subbottom reflector depths 
in a number of formats for use with other modeling and mapping programs.   
 
In general, the digital seismic processing steps performed using the REFLEXW program are 
as follows:   
 

1) File conversion and geometry/navigation checks 
SEGY formatted reflection shot point files were imported into ReflexW.  All 
survey geometry param contained in the file headers, as well as coordinates 
and event marks were checked.   
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2) Band Pass Filtering 
A 1-D bandpass filter (800-4,000 Hz) was applied to all traces to increase the 
signal/noise ratio improving the interpretability of reflected arrivals.  This 
helped minimize interference recorded from the second subbottom system.   

3) Deconvolution 
A spiking-deconvolution using the recursion-algorithm of Levinson (Wiener-
Filter method) was applied to concentrate the signal wavelet in the time 
domain creating a highly broadband and smooth spectrum.   

4) Envelope Calculation 
A complex trace-analysis was carried out using the Hilbert-Transformation to 
calculate the envelope or instantaneous amplitude. This instantaneous attribute 
gave an overview of the energy distribution of the traces and facilitated the 
determination of signal arrivals.  

5) Swell Filtering 
A lowpass filter in the distance dimension was applied to eliminate 
fluctuations in the x-direction smaller than a chosen wavelength.  This step 
was used for smoothing the data to remove the effect of sea conditions.   

6) Static corrections  
A muting curve above the sea floor was defined to set all data points in the 
water column to zero amplitude.  This was done to clear out all reflections 
produced in the water column improving visualization and interpretability of 
the profiles.  A time cut was applied to reduce trace length to the desired depth 
of interest.  

7) Gain Adjustment 
AGC (automatic gain control) or manual gain curve applications are used, along 
with a TVG (time variable gain) curve, to adjust the gain settings over the depth 
of interest to optimize the visual display  

8) Trace Editing & Interpolation 
Processing features in this function include combining multiple profiles into one 
file, trimming overlap from combined profiles, flipping profiles end to end so all 
are viewed from the same direction, and more.   

 
 
Individual reflector and seismic facies characteristics were examined in an attempt to 
determine the possible material types represented on the profiles.  Correlation with the 
geotechnical data (vibratory cores) then allowed lithological identities (clay, sand, bedrock, 
etc.) to be assigned to the shallow portion of the subbottom profiles.   
 
Core Information   
 
Geotechnical ground truthing of the seismic reflection data was accomplished through use of 
the OSI vibratory core system which retrieved nearly undisturbed samples of the upper 10 ft 
of sediment.  The samples were also collected for engineering purposes for grain size 
analysis and other mechanical property analyses.  Field core logs were compiled by AECOM 
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for each station to document the onsite conditions including position, water depth, 
penetration rate, and recovery.  All final core logging, photography, lab analyses, and 
reporting were handled by AECOM, who transmitted all the results to OSI for correlation 
with the subbottom profiles.   
 
Correlation of the core samples with specific seismic reflectors on the profiles allows the 
identification of the sediment horizons generating the acoustic interfaces.  Those interfaces or 
reflectors can then be traced between geotechnical sampling stations to provide extrapolation 
of sediment units laterally below the survey area.  Core locations are shown on the final 
drawing in both plan and profile panels with sediment descriptions where appropriate.  A 
summary of the core data has been included in an appendix at the end of this report.   
 
Side Scan Sonar Images 
 
During interpretation of the side scan sonar records, areas on the seabed exhibiting different 
acoustical properties were identified.  The variation in acoustical characteristics on the 
bottom represents changes in surficial sediments and/or the presence of benthic communities 
and foreign material.  Areas of large natural seabed features were identified by the increased 
topographic relief and morphologic variations observed on the records.  The sonar data, in 
conjunction with vibratory core logs, were used to develop a surficial sediment type map for 
the survey corridor.   
 
Side scan sonar mosaics were created to show the acoustical variations on the seafloor that 
could then be interpreted and translated into surficial sediment type maps.  The different 
levels of sonar reflectivity were generally correlated to changes in sediment types (ie. low 
reflectivity often represents silt and clay, whereas strong reflectivity may represent coarse 
sand, gravel, boulders).  Areas of different surficial lithology (deemed “types” for this 
project) and morphology were plotted on the plan view drawings.   
 
Imagery was also reviewed for individual targets with the intent of identifying any object 1-
foot in size or larger.  This served two purposes: it provided information on potential 
obstructions to the cable installation and data to support the marine archaeological 
assessment of the route.  Given the finer sediments (clay, silt, sand) that exist over much of 
the route, and the likelihood of many objects being at least partially buried in the seabed, 
targets were chosen with a high degree of sensitivity.  Each target is interpreted and 
measured individually.  A detailed spreadsheet summarizes specific information for each 
target such as position, number, size, and relief and all the targets are plotted in the plan view 
panel of the final drawing.   
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Magnetometer Data 
 
The objective of the magnetometer survey was to locate any ferrous objects lying on or 
below the seafloor which (1) could represent potential archaeological sites of historic 
significance and/or (2) may impede the cable installation.  Digital records of the magnetic 
data were reviewed and interpreted using HYPACK to determine the presence of ferrous 
material in the designated project areas.  Anomalous readings above the regional geologic 
background gradient were identified.  A coordinate and descriptive list of the anomalies as 
well as a map of anomalies relative to sonar contacts were provided to the project 
archaeologist in support of the archaeological assessment.   
 
For discrete anomalies, determination of the location of an object producing a magnetic 
anomaly depends on whether or not the magnetometer sensor passed directly over the object 
and if the anomaly is an apparent monopole or dipole.  A magnetic dipole can be thought of 
simply as a common bar magnet having a positive and negative end or pole.  A monopole 
arises when the magnetometer senses only one end of a dipole as it passes over the object.  
This situation occurs mainly when the distance between opposite poles of a dipole is much 
greater than the distance between the magnetometer and the sensed pole, or when a dipole is 
oriented nearly perpendicular to the ambient field thus shielding one pole from detection. For 
dipolar anomalies, the location of the object is at the point of maximum gradient between the 
two poles.  In the case of a monopole, the object associated with the anomaly is located 
below the maximum or minimum magnetic value. 
 
The magnetic intensity data were also contoured to reveal gradients of the earth’s total 
magnetic field in the site and assist the project archaeologist with review of the data.  An xyz 
ASCII file of the magnetic intensity measurements was exported out of HYPACK and 
imported to Geometrics MagPick software.  MagPick generates contours based on the 
magnetic point data which can then be imported to the AutoCAD drawings for final 
presentation.   
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OSI QA/QC OVERVIEW 
 
 

Ocean Surveys, Inc. (OSI) is an environmental / scientific data acquisition firm that provides 

hydrographic, oceanographic, geophysical, and geotechnical survey services in support of the 

design and/or construction of freshwater and marine projects.  As such, OSI acts as the field 

data acquisition arm of engineers and owners undertaking marine/freshwater work 

domestically and overseas.   To ensure that OSI provides exceptional services to our clients, 

the company has a strong commitment to Quality Assurance (QA) and Quality Control (QC) 

practices in order to maintain a high level of data acquisition and processing excellence.  

These procedures are in place to establish and maintain consistently high standards of 

accuracy, reliability, efficiency and overall quality in all aspects of marine surveying.   
 

Details of the Quality Assurance and Quality Control procedures are outlined in the OSI 

document entitled, “Quality Assurance Approach to Marine Surveying” (July 2009 update).  

A brief summary is included here to demonstrate and document the commitment of OSI to 

the highest standard of excellence in the industry.   

 

Quality procedures provide the framework for development and implementation of an 

effective QA/QC program within OSI.  The program is applied to all activities within the 

company, with employees striving to produce error-free work in all tasks and at all levels. 

Specific quality management that is incorporated into these procedures is focused on 

technical activities, including the field studies (data acquisition), laboratory analysis, data 

validation, database management, data analysis and interpretation, graphics development, 

and report preparation.   

 

The basic QA routine for each marine survey project shall include (but may not be limited to) 

the following functional elements: 
 
• Calibration and control of equipment 
• Data acquisition / field operations 
• Data processing and interpretation 
• Document control, report and drawing preparation, product review 
• Handling, shipping and storage 
• Job specific instruction of OSI personnel 
• Quality assurance audits 
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OSI personnel, under the direction of the project Program Manager, are ultimately 

responsible for the acquisition and presentation of high quality data and data products.  

Persons assigned quality assurance functions shall have sufficient authority and 

organizational freedom to assure total compliance with established quality practices.  OSI 

management will regularly review the status and adequacy of internal QA practices as they 

are applied to specific projects and will effect modifications as required.   

 

Project managers are responsible for applying the required and appropriate QA procedures to 

each project. A project manager works with management and technical staff to identify the 

quality requirements of a specific project. Project manager responsibilities include: (1) 

ensuring that technical staff are adequately trained and properly applying QA procedures, (2) 

conducting QA reviews to check for errors or other quality problems, and (3) developing and 

applying methods to correct errors or quality problems.   
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POS MV DIFFERENTIAL GPS CALIBRATION 
 

 
Calibration of the POS MV system involves vessel maneuvers in an unrestricted area using 
high quality GPS positioning.  The GPS Azimuth Measurement Subsystem (GAMS) routine 
used by the POS MV requires five or more satellites with a Positional Dilution of Precision 
(PDOP) of less than three.  This translates to performing the calibration procedure when 
there is good satellite geometry.  
 
Once the GPS antennas, inertial measurement unit (IMU), topside control unit, and system 
computer have been securely installed aboard the vessel, calibration may commence under 
suitable satellite conditions.  A series of broad “S-turns” or “figure-8” turns lasting 
approximately one minute should be executed after starting either the automatic or manual 
calibration mode.  The system will sequence through the following phases of the calibration, 
noted in the status line: ready offline, cal in progress, cal completed, and online.   
 
Upon successful calibration, the system reports and outputs the following survey 
information: geographic position (latitude, longitude), heading, attitude (pitch and roll), 
vertical displacement (heave), velocity, acceleration, angular rate of turn, performance 
metrics, and fault detection.   
 
The following image captures of the POS MV setup illustrate the parameters outlined above 
and the accuracies achieved after calibration (MV-POS view).    
 
 

 
 
 

  



  

 
 

Final Report  -- Marine Site Characterization Study,  Appendix 7-4 
BIWF and Export Cable Route, Offshore Block Island, Rhode Island  
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MULTIBEAM ECHOSOUNDER “PATCH TEST” 
 

 
A “patch test” is a calibration procedure for the multibeam system designed to accurately 
measure the angular mounting components (roll, pitch, and yaw) and positioning latency for 
the equipment configuration onboard the survey vessel.   
 
The following general components are necessary to perform a patch test:   
 

• Differential global positioning system (geographic positions)  
• Multibeam echosounder (water depths)  
• Motion sensor (heave, pitch, and roll) 
• Gyro compass (heading)  
• Barcheck or CTD profiler (sound velocity calibration)  
• Data collection and processing software (HYPACK / HYSWEEP)  

 
 
The general procedure for calibrating the multibeam system, once all the above equipment 
has been installed and secured for survey operations, is to run a series of tracklines over 
different bottom terrain (sloping and flat) in opposing directions and at varying survey 
speeds.  Prior to running the calibration lines, a CTD profiler is used to acquire a sound speed 
profile, which corrects soundings for variations in sound speed within the water column.  
Lines are typically run in the following manner:   
 

1. Positioning latency is determined by collecting data twice along the same trackline 
located over a prominent bathymetric feature, once at a slow speed and once at 
maximum survey speed.   

2. Pitch offset angle is determined by collecting data along the same trackline positioned 
over a prominent bathymetric feature, in opposite directions at an average survey 
speed.   

3. Roll offset angle is determined by collecting data along the same trackline positioned 
over a flat bottom, in opposite directions and at an average survey speed.   

4. Yaw offset angle is determined by collecting data along two parallel lines offset to 
provide overlapping coverage over a prominent feature.  Each line is run in the same 
direction and at an average survey speed.    

 
 
Data from the calibration runs are processed to determine timing latency and angular biases 
for pitch, roll, and yaw.  The angular and timing values, along with sound speed and water 
level correctors, are subsequently used during data processing to determine the final depth 
and position of each sounding.  Water level correctors are obtained from a NOAA tide station 
to reference the soundings to the project vertical datum.  Patch test results are provided 
below. 
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RESON 8101 MULTIBEAM PATCH TEST RESULTS 
 

Final System Offsets 
 

System Parameter Offset 

Timing Latency 0.00 seconds 
Pitch -0.40 degrees 
Roll  -0.73 degrees 
Yaw 0.16 degrees 

 

Timing Latency Value 
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Pitch Bias Value 
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Roll Bias Value 
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Yaw Bias Value 
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MULTIBEAM PERFORMANCE TEST & BAR CHECK 
 
 

Upon determination of all physical, angular, and timing offsets, a “QA Performance Test” is 
carried out per specifications in the U.S. Army Corps of Engineers (ACOE) Hydrographic 
Surveying manual “EM 1110-2-1003”.  Per the ACOE manual, “The performance test is 
used to evaluate the quality and confidence of multibeam data being collected.  This test 
typically compares overlapping data sets from two different multibeam surveys, performed 
by either the same or different vessels”. 
 
The test consists of two phases.  First, a “performance surface” is created by means of 
executing a small survey run over a flat section of sea floor.  Multiple runs are performed 
over the performance surface area to acquire approximately 400% coverage.  Only data 
within 45 degrees of the echosounder’s nadir beam are cleaned and a 1 ft by 1 ft performance 
surface is created resulting in an accurate and dense XYZ data set.  Next, two “multibeam 
check lines” are run over the performance surface.  These data are input to the HYPACK 
MAX Beam Angle Test program, which compares multibeam check lines to the performance 
surface and estimates the depth accuracy of the multibeam system at different beam angle 
limits.   
 
For this survey, the performance surface was established on 19 September 2011 and a set of 
performance test values was derived the same day.  The ACOE test parameters of depth 
outliers, mean bias, and standard deviation were considered.  The quality of the data tested 
were within the accuracy requirements specified in the ACOE manual.  The table below 
presents the results of the QA performance test as well as the ACOE standards for these QA 
criteria.  
 
 

Statistical Quantity Per Beam Angle 
Group 

Beam Angle Test 
Results 

ACOE Maximum 
Allowed 

Maximum Depth Outlier 0.00 - 0.68 ft 1.0 ft 

Mean Difference (Reference Surface – 
Check Line) (-0.08) - (0.10) ft 0.1 ft 

Depth Standard Deviation (1-• ) +/- 0.13 ft ------ 

Depth Accuracy At 95% Confidence 
+/- 0.25 ft +/- 0.5 ft – 1.0 ft 

 

The depth measuring accuracy of the echosounder was confirmed by means of a “bar check”.  
The bar check procedure consists of lowering an acoustical target on a graduated sounding 
line to the deepest practical depth.  The target is then raised to successively shallower depths 
and the displayed digital depths noted.   
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LINKQUEST USBL CALIBRATION PROCEDURE 
 

 
 
General procedure for calibrating the TrackLink USBL system involves deployment of a 
beacon or transponder on the bottom in expected project water depths.  The survey vessel 
then runs transects directly over the transponder, both toward and away from its location, to 
determine the heading offset value for the transceiver as installed on the vessel.   
 
The following systems are required to complete this calibration:   

• Navigation computer running HYPACK software 
• Differential GPS  
• Motion sensor 
• Gyro compass 
• TrackLink system components and computer 
• CTD profiler  

    
The TrackLink system consists of a topside computer, transceiver unit fix mounted to the 
survey vessel, and battery powered transponders which are attached just above towed 
sensors.  The TrackLink system requires input from a motion sensor to monitor transceiver 
head motion for accurate determination of transponder positions away from the vessel.   
 
The HYPACK navigation computer requires input from the differential GPS, motion sensor, 
gyro compass, (or all-in-one POS MV IMU) and TrackLink system.  All systems must be 
correctly installed in the HYPACK setup file to include offsets and laybacks relative to the 
vessel origin point.   
 
After collecting vessel and USBL positions over the transponder deployed on the bottom, the 
navigation files are edited to correlate the two system’s positions by time.  The angular 
variation between the actual transponder location and the recorded transponder positions is 
equivalent to the heading offset.   
 
Once the average heading offset is calculated from analysis of the calibration runs, the 
average value is input to the TrackLink system and the same data collection procedure is 
repeated to verify the calculated offset.   
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TRACKLINK USBL CALIBRATION RESULTS 
 

Deepwater Wind BIWF Project 
 
 
 
CALIBRATION RUN (to determine the heading offset) 
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VERIFICATION RUN (to validate the heading offset) 
 
 

 
 
 

Calibration Summary 

  

Heading 
Offset 
(deg.) 

Standard 
Deviation 

(feet) 

95% Confidence  
--to 500 ft distance-- 

(feet) 

Pre-Cal 0.0 8.1 15.9 

Post-Cal 3.2 2.6 5.1 
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DATA PROCESSING QC REPORTS 
 
During the processing stage of all data sets, continual quality checks were performed to 
ensure a high standard of accuracy is maintained.  Comparative analyses were conducted to 
provide a measure of quality level, with statistical results generated whenever applicable.  
For the hydrographic data, the final processed multibeam depth values were compared at line 
intersections (where crossing/tie lines intersect primary lines).  This provides a measure of 
the quality of final integrated hydrographic measurements, including the application of 
motion (heave, pitch, roll), speed of sound, and tide adjustments.  These comparisons were 
accomplished using the CARIS QC Report Utility to generate statistical quality control 
information with respect to International Hydrographic Organization (IHO) “Special Order” 
and United States Army Corps of Engineers (USACE) survey specifications.  
 
Four orders of survey are defined by IHO in publication S-44 5th Edition 2008. These are 
described in subsequent paragraphs. 
 
Special Order 
 
This is the most rigorous of the orders and its use is intended only for those areas where 
under-keel clearance is critical.  Because under-keel clearance is critical a full sea floor 
search is required and the size of the features to be detected by this search is deliberately kept 
small.  Since under keel clearance is critical it is considered unlikely that Special Order 
surveys will be conducted in waters deeper than 40 meters.  Examples of areas that may 
warrant Special Order surveys are: berthing areas, harbors and critical areas of shipping 
channels. 
 
Order 1a  
 
This order is intended for those areas where the sea is sufficiently shallow to allow natural or 
man-made features on the seabed to be a concern to the type of surface shipping expected to 
transit the area but where the under-keel clearance is less critical than for Special Order 
above.  Because man-made or natural features may exist that are of concern to surface 
shipping, a full sea floor search is required, however the size of the feature to be detected is 
larger than for Special Order.  Under-keel clearance becomes less critical as depth increases 
so the size of the feature to be detected by the full sea floor search is increased in areas where 
the water depth is greater than 40 meters.  Order 1a surveys may be limited to water 
shallower than 100 meters. 
 
Order 1b 
 
This order is intended for areas shallower than 100 meters where a general depiction of the 
seabed is considered adequate for the type of surface shipping expected to transit the area.  A 
full sea floor search is not required which means some features may be missed although the 
maximum permissible line spacing will limit the size of the features that are likely to remain 
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undetected.  This order of survey is only recommended where under-keel clearance is not 
considered to be an issue.  An example would be an area where the seabed characteristics are 
such that the likelihood of there being a man-made or natural feature on the sea floor that will 
endanger the type of surface vessel expected to navigate the area is low. 
 
Order 2 (beyond the depth limits of this study)  
 
This is the least stringent order and is intended for those areas where the depth of water is 
such that a general depiction of the seabed is considered adequate.  A full sea floor search is 
not required.  It is recommended that Order 2 surveys are limited to areas deeper than 100 
meters as once the water depth exceeds 100 meters the existence of man-made or natural 
features that are large enough to impact on surface navigation and yet still remain undetected 
by an Order 2 survey is considered to be unlikely. 
 
The following table outlines the IHO minimum standards for hydrographic surveys.   
 
 

ORDER Special 
 

1 2 

Examples of Typical 
Areas 

Harbors, berthing 
areas, and associated 
critical channels with 
minimum underkeel 
clearances 

Harbors, harbor 
approach channels, 
recommended tracks 
and some coastal areas 
with depths up to 100 
m 

Areas not described in 
Special Order and 
Order 1, or areas up to 
200 m water depth 

Horizontal Accuracy 
(95% Confidence 
Level) 

2 m 5 m + 5% of depth 20 m + 5% of depth 

Depth accuracy for 
Reduced Depths (95% 
Confidence Level) (1) 

a = 0.25 m 
b = 0.0075 

a = 0.5 m 
b = 0.013 

a = 1.0 m 
b = 0.023 

System Detection 
Capability 

Cubic features > 1 m Cubic features > 2 m 
in depths up to 40 m; 
10% of depth beyond 
40 m 

Same as Order 1 

Horizontal control 10 cm at 95% 
confidence level for 
geodetic satellite 
methods. 

Same as Special Same as Special 

Tidal Observations Error not to exceed Γ 
5 cm at 95% 
confidence level 

Error not to exceed Γ 
10 cm at 95% 
confidence level 

Same as Order 1 

 
 

The following table lists the maximum values by depth for vertical uncertainty allowed for 
the four orders of survey.  Order 2 is included to show the magnitude of variation for the next 
level of hydrographic survey (deeper water).   
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IHO S-44 Vertical Uncertainty Maximum Values by Depth    

Depth Special Order Order 1a Order 1b Order 2 

(feet) (feet) (feet) (feet) (feet) 

10 0.82 1.65 1.65 3.29 

20 0.83 1.66 1.66 3.31 

30 0.85 1.69 1.69 3.35 

40 0.87 1.72 1.72 3.41 

50 0.90 1.76 1.76 3.48 

60 0.94 1.82 1.82 3.56 

70 0.97 1.88 1.88 3.65 

80 1.02 1.94 1.94 3.76 

90 1.06 2.01 2.01 3.88 

100 1.11 2.09 2.09 4.01 

110 1.16 2.18 2.18 4.14 

120 1.22 2.26 2.26 4.29 

130 1.27 2.36 2.36 4.44 

140 1.33 2.45 2.45 4.60 

150 1.39 2.55 2.55 4.76 

 
 
The graph below plots the vertical uncertainty values from the BIWF survey for all 
multibeam lines conducted.  The 95% confidence level of less than 0.65 ft is well below the 
limits for a Special Order survey at all depths.   
 
BIWF Multibeam Survey Depth Uncertainty 
95% confidence level = < 0.65 feet 
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The following graph plots comparisons of all the multibeam overlapping depth bins 
throughout the areas surveyed.  This includes where tielines cross main lines (route parallel) 
as well as overlapping beams on adjacent, parallel tracklines.  The 95% confidence level 
depth values are +/- 0.32 ft.   
 
BIWF Crossing Line Comparison   
95% confidence level = +/- 0.32 feet 

 
 
 
 
Similar comparative procedures were performed on the geophysical data sets to verify 
accurate positioning of acoustic data on the seafloor, seismic data in the subsurface, and 
magnetic intensity measurements.  Side scan sonar images recorded on adjacent tracklines 
were imported, checked for GPS latency and accuracy, and overlaid in a mosaic format to 
verify that surficial features (sand waves, rocks, objects) were being positioned in the same 
place.  On subbottom profiles, depths to prominent reflectors mapped in the subsurface were 
compared at intersection points to ensure layer interfaces were plotted correctly in the 
horizontal and vertical planes.  For the magnetic intensity measurements, after applying 
diurnal variation and leveling adjustments, magnetic field strength at intersection points were 
compared, as well as individual anomalies identified near crossing lines and on overlapping 
tracklines.   
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