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Executive Summary 
Deepwater Wind Block Island, LLC, a wholly owned indirect subsidiary of Deepwater Wind 
Holdings, LLC, proposes to develop the Block Island Wind Farm (BIWF), a 30 megawatt (MW) 
offshore wind farm located approximately 3 miles (mi) (4.8 kilometers [km])  southeast of Block 
Island, Rhode Island. The BIWF will consist of five, 6 MW wind turbine generators (WTGs), a 
submarine cable interconnecting the WTGs (Inter-Array Cable), and a 34.5-kV transmission 
cable from the northernmost WTG to an interconnection point on Block Island (Export Cable).  

In connection with the BIWF, Deepwater Wind Block Island Transmission, LLC, a wholly owned 
indirect subsidiary of Deepwater Wind Holdings, LLC, proposes to develop the Block Island 
Transmission System (BITS), a 34.5 kilovolt (kV) alternating current (AC) bi-directional 
submarine transmission cable that will run from Block Island to the Rhode Island mainland. 
Deepwater Wind Block Island Transmission, LLC is currently considering two potential options 
for the path of the BITS line to the Rhode Island mainland, with the Alternative 1 terminating at 
the Narragansett Town Beach area and the Alternative 2 making landfall at the University of 
Rhode Island (URI) Bay Campus.  

Deepwater Wind Block Island, LLC will construct, own, and operate the BIWF. Deepwater Wind 
Block Island Transmission, LLC will develop and construct the BITS and in accordance with 
state law, anticipates transferring ownership of the BITS prior to energizing the transmission line 
to The Narragansett Electric Company d/b/a National Grid (National Grid), the Rhode Island 
international electricity distribution and gas company.  

For the purposes of this analysis, the two Deepwater Wind Holdings, LLC corporate entities 
associated with the development of the BIWF and BITS are collectively referred to as 
“Deepwater Wind.” Likewise, the BIWF and BITS are collectively referred to as “the Project.” 
The “Project Area” refers to the footprint of the BIWF and BITS that will be located in federal and 
state territorial waters of the coast of Block Island and the Rhode Island mainland.  

The installation of the submarine cables is proposed to be performed using jet plow technology 
as well as horizontal directional drilling (HDD).  The jet plow’s water nozzle temporarily loosens 
the soil, creating a narrow trench.  The cable is fed into this trench as the plow moves along the 
ocean floor.   Marine sediment resettles upon the cable, closing the trench with minimal impact 
to the sea floor. Jet plowing will be used for most of the cable installation up to a point between 
300 m (900 ft)  and 600 m (1,900 ft) from the marine cable’s proposed onshore interconnection 
point, or to the mean high water mark at the shore landing, where HDD will be used to connect 
the submarine cable to the onshore grid. A cofferdam of approximately 6 m x 15 m x 2.75 m 
deep (20 ft x 50 ft x 9 ft), may be set up and an area excavated for passing the offshore cable 
through the HDD conduit.  While the excavation with the cofferdam is in place, the area will be 
refilled once the cofferdam is removed and the connection is completed, by releasing sediment 
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at the water surface above the excavated area.  The jet plow and connection area refill activities 
both have the potential to resuspend sediment in the water column which will redeposit in areas 
adjacent to these activities.  

Tetra Tech EC, Inc. (Tetra Tech) contracted with RPS ASA to conduct a sediment transport 
analyses of the proposed activities which will serve as an input to the overall environmental 
impact analysis for the proposed Deepwater Wind project.  ASA performed a modeling study to 
evaluate the sediment trajectory and fate from each of the proposed embedment operations, 
including both the jet plow and the potential near shore cofferdam re-fill activities.   The analysis 
was separated into two different components, the BIWF activities (installation of the Inter-Array 
Cable between the WTGs as well as the Export Cable from the last WTG to Block Island) and 
the BITS activities (installation of the BITS line between Block Island and the Rhode Island 
mainland). 

Two numerical models were applied to perform the suspended sediment dispersion analysis for 
the cable embedment activities. First, ASA’s 3D HYDROMAP model system, which had been 
previously applied to the area as part of studies used to develop Coastal Resource 
Management Council’s (CRMC’s) Rhode Island Ocean Special Area Management Plan (RI 
Ocean SAMP), was used to predict tidal circulation in the region.  The RI Ocean SAMP analysis 
found that the M2 semi-diurnal (twice a day) tidal harmonic was the predominant tidal current 
frequency, also signifying that while the atmospheric conditions affect the magnitude or direction 
the bulk of the energy in the system is due to tidal forcing.  Second, ASA’s SSFATE model was 
used to quantitatively predict the suspended sediment concentrations and deposition patterns 
resulting from the proposed operations.   

During construction activities, sediment may become suspended in the water column – resulting 
in temporarily elevated total suspended solids (TSS) concentrations in the area and in sediment 
redepositing on undisturbed areas adjacent to the path of the plow or within the cofferdam area. 
The magnitude of the effects depends on the source sediment characterization (grain size), the 
volume of sediment affected, the rate of resuspension, the duration of the operation, and the 
currents transporting the sediment.  For each segment of the jet plow route, a base case 
sediment transport scenario was evaluated for tidal conditions over a spring/neap tidal cycle 
with a jet plow advance rate of 180 m/hr (600 ft/hr). Additionally, 90 m/hr (300 ft/hr) and 360 
m/hr (1,200 ft/hr) advance rates were also simulated for all segments of the cable route in order 
to provide a sensitivity of the results to variability in the advance rate. The jet plow operation 
was assumed to be maintained continuously (24/7) along the entire length of each route. The jet 
plow trench cross-sectional area was based on a conservative cable buried of 2.1 m (7 ft), a 
width of 1.5 m (5 ft) at the top and 0.6 m (2 ft) at the bottom. A conservative loss rate (percent of 
volume resuspended) of 25% of the total trench volume was assumed. In addition to the jet plow 
activity along the cable routes, sediment dispersion resulting from the refilling of three cofferdam 
areas (off Block Island, Narragansett and the URI Bay Campus) were also evaluated.  An 
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alternative cable landing which would use the jet plow method right to the mean high water mark 
in support of the cable landfalls on Block Island and Narragansett Town Beach, is also being 
evaluated. The results of this analysis will be provided under separate cover. 

BIWF Cable Burial 

For the BIWF area, the sediment is characterized by coarse sands and gravels, although there 
is a section along the central portion of the Export Cable route most of the sediments are 
composed of clays and silts. For the two potential BITS routes the nearshore areas are largely 
characterized by sand-sized sediment. However, much of the offshore area contains large 
amounts of silts and clays. Overall, there is wide variability in the distributions along the two 
routes, although the data suggests that at any individual point the sediment is typically relatively 
uniform between the surface and the depth of the cable burial. 

Since the BIWF route sediments are characterized by coarse grained sand, only a small area 
was affected from the jet plow cable embedment activities. Elevated suspended sediment 
concentrations followed the route and adjacent areas and deposition footprints were small, as 
the majority of the sediments settled out rapidly. In the regions characterized by mostly sand, 
concentrations were not predicted to exceed 100 mg/L and concentrations above 10 mg/L were 
confined to an area primarily within 50 m (160 ft) of the route. Concentrations in the offshore 
area where silt and clay predominate exceeded 500 mg/L at the jet plow route but these plumes 
were predicted to dissipate quickly (10 minutes or less). In these areas with a large amount of 
silt and clay, concentrations of 10 mg/L rarely reached up to 1,000 m (3,300 ft) away from the 
route. The deposition footprint for these areas was also somewhat larger than for the sandy 
areas, with very thin layers (<1 mm) extending more than 100 m (330 ft) from the source. 
However, thicknesses greater than 1 mm were confined to within 75 m (250 ft) of the jet plow 
track. There was also little variation in the concentrations or sedimentation footprints seen 
between the three jet plow advance rates evaluated. 

The sediments at the Block Island cofferdam site are sandy and therefore the material settles 
relatively rapidly to the bottom. The SSFATE model predicted that concentrations rarely 
exceeded 100 mg/L from these operations and that such plumes were expected to dissipate 
within about 10 minutes. At this location, the 1 mm deposition footprint was expected to be 
confined within 50 m (160 ft) of the site.  

BITS Cable Burial 

BITS routes Alternative 1 and Alternative 2 are identical running from Block Island, until the area 
offshore of Narragansett at which point BITS route Alternative 1 travels directly to shore, making 
landfall at Narragansett Town Beach, while BITS route Alternative 2 continues up the West 
Passage of Narragansett Bay to the URI Bay Campus.  

Sediment data showed that while the nearshore areas were mostly characterized by sand, 
many regions contained sands, silts and clays in varying proportions. In regions with large clast 
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sizes, resuspended sediments quickly dropped back to the sea floor keeping concentrations 
low, within a few meters of the jet plow, and resulting deposition areas small. This was true in 
the URI Bay Campus nearshore area at the end of Alternative 2, where concentrations were not 
expected to exceed 100 mg/L, decreased to 10 mg/L or less within an hour, and were confined 
to an area within 50 m (160 ft) of the route.  

The sediment characteristics in the nearshore of Narragansett Pier, although sandier than the 
offshore areas, had a greater mix of sand, silt and clay than the BITS Alternative 2 landfall 
resulting in higher water column concentration predictions and longer plume durations. 
Concentrations reached levels of 500 mg/L but lasted for only 10 minutes or less, 200 mg/L 
concentrations lasted less than 1 hour and 10 mg/L concentrations lasted less than several 
hours after resuspension. 

In the offshore areas of Rhode Island Sound, between Block Island and the mainland, the mix of 
sediments contained more clay and silt than in the near shore areas. Resuspended sediments 
therefore settled more slowly than in the near shore areas, and as a result were transported 
farther from the source. Low concentrations (of 10 mg/L) extended approximately 2,000 m 
(6,500 ft) and at 200 mg/L for a few hundred meters, while concentrations reached 500 mg/L but 
for short durations, approximately 10 minutes or less.  The sedimentation footprint of 1 mm or 
greater thickness remained within 100 m (330 ft) over the entire length of both BITS alternative 
routes. 

The water column concentration characteristics varied for the three jet plow advance rates. Low 
sediment concentrations extended over a larger area in total for the slower advance rate of 90 
m/hr (300 ft/hr), but higher concentrations covered a smaller total area, for both the Alternative 1 
and Alternative 2 routes. Alternative 2 had an overall larger area impact, however, due to its 
greater overall length. The total area covered by a deposition thickness of 1 mm was not 
significantly affected by the advance rate. 

The Alternative 1 cofferdam location was characterized by a mix of sand, silt and clay and 
resulting  water column concentrations exceeded 500 mg/L, however briefly, but the dispersion 
of the concentration covered a larger area than that predicted at the Block Island cofferdam and 
consequently the deposition area was also greater. The pattern at the URI Bay Campus 
cofferdam was similar to the Block Island response, with lower concentrations and a smaller 
area coverage, showing the effects of the coarser grain sediments found at the site.  

In summary, the majority of sediments along the BIWF and BITS routes were coarse grain sand 
that resulted in a relatively small affected area from the jet plow cable embedment activities. 
Elevated suspended sediment concentrations were contained in areas near the cable route and 
deposition footprints were small, as the majority of the sediments settled out rapidly. In areas 
where smaller grained sediments were found, primarily along the BITS route through Rhode 
Island Sound, the effects of the resuspended sediments were more distributed, but higher water 
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column concentrations remained close to the cable routes, were short lived and relatively far 
from shore. In addition, the deposition footprints remained very close to the cable routes for all 
but the thinnest of layers.  
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1. Introduction 
Deepwater Wind Block Island, LLC, a wholly owned indirect subsidiary of Deepwater Wind 
Holdings, LLC, proposes to develop the Block Island Wind Farm (BIWF), a 30 megawatt (MW) 
offshore wind farm located approximately 3 miles (mi) (4.8 kilometers [km])  southeast of Block 
Island, Rhode Island in approximately 26 m (85 ft) of water. The BIWF will consist of five, 6 MW 
wind turbine generators (WTGs), a submarine cable interconnecting the WTGs (Inter-Array 
Cable), and a 34.5-kV transmission cable from the northernmost WTG to an interconnection 
point on Block Island (Export Cable). 

In connection with the BIWF, Deepwater Wind Block Island Transmission, LLC, a wholly owned 
indirect subsidiary of Deepwater Wind Holdings, LLC, proposes to develop the Block Island 
Transmission System (BITS), a 34.5 kilovolt (kV) alternating current (AC) bi-directional 
submarine transmission cable that will run Block Island to the Rhode Island mainland. 
Deepwater Wind Block Island Transmission, LLC is currently considering two potential options 
for the path of the BITS line to the Rhode Island mainland, with the Alternative 1 terminating at 
the Narragansett Town Beach area and the Alternative 2 making landfall at the University of 
Rhode Island (URI) Bay Campus. The proposed Project locations and activities are shown in 
Figure 1-1; note that while not shown, there may be cofferdam activities at the near shore 
termination of each of the proposed cable routes. 

Deepwater Wind Block Island, LLC will construct, own, and operate the BIWF. Deepwater Wind 
Block Island Transmission, LLC will develop and construct the BITS and, in accordance with 
state law, anticipates transferring ownership of the BITS prior to energizing the transmission line 
to the Narragansett Electric Company (National Grid), an international electricity and gas 
company. For the purposes of this analysis, the two Deepwater Wind Holdings, LLC corporate 
entities associated with the development of the BIWF and BITS are collectively referred to as 
“Deepwater Wind.” Likewise, the BIWF and BITS are collectively referred to as “the Project.” 
The “Project Area” refers to the footprint of the BIWF and BITS that will be located in federal and 
state territorial waters of the coast of Block Island and the Rhode Island mainland.  

The installation of the submarine cables is proposed to be performed using jet plow technology 
as well as horizontal directional drilling (HDD).  The jet plow’s water nozzle temporarily loosens 
the soil, creating a narrow trench.  The cable is fed into this trench as the plow moves along the 
ocean floor.   Marine sediment resettles upon the cable, closing the trench with minimal impact 
to the sea floor. Jet plowing will be used for most of the cable installation with the exception of 
the very nearshore region installation up to a point between 300 m (900 ft)  and 600 m (1,900 ft) 
from the marine cable’s proposed onshore interconnection point, or to the mean high water 
mark at the shore landing, where HDD will be used to connect the submarine cable to the 
onshore grid.  
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Figure 1-1  Location of proposed turbine array and the three component cable routes of the BIWF, 
relative to Block Island and to the Rhode Island mainland. 
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Under the scenario of a longer HDD, a cofferdam of approximately 6 m x 15 m x 2.75 m deep 
(20 ft x 50 ft x 9 ft), will be set up and an area excavated for passing the offshore cable through 
the HDD conduit.  While the excavation with the coffer dam is in place, the area will be refilled 
once the cofferdam is removed and the connection is completed, by releasing sediment at the 
water surface above the excavated area.  The jet plow and connection area refill activities both 
have the potential to resuspend sediment in the water column which will redeposit in areas 
adjacent to these activities. 

Tetra Tech EC, Inc. (Tetra Tech) contracted with RPS ASA to conduct a sediment transport 
analyses of the proposed activities which will serve as an input to the overall environmental 
impact analysis for the proposed Deepwater Wind project. ASA performed a modeling study to 
evaluate the sediment trajectory and fate from each of the proposed embedment operations, 
including both the jet plow and the near shore cofferdam re-fill activities.  The analysis of the 
water column suspended sediment concentrations, and their subsequent deposition pattern, 
resulting from resuspension due to jet plow operations, will be used to form the basis for the 
assessment of potential sediment impacts, during Project construction and operation, on pelagic 
and benthic marine species within the Project Area. After potential resuspended sediment 
concentrations and deposition impacts have been assessed, mitigation strategies can be 
developed to minimize these impacts, if needed. After potential sediment concentration and 
deposition impacts have been assessed, mitigation strategies can be developed to minimize 
these impacts, if needed. 

The analysis was separated into two different components, the BIWF activities (installation of 
the Inter-Array Cable between the WTGs and the Export Cable to Block Island) and the BITS 
activities (installation of the BITS line between Block Island and the Rhode Island mainland). 

1.1. BIWF INTRODUCTION 
The BIWF Collection System, which delivers power from the wind farm to Block Island, consists 
of two components, the Inter-Array Cable and the Export Cable. The Inter-Array Cable is 
roughly 3.4 km (2 miles) long connecting the five WTGs in series and interconnecting with the 
Export Cable at the last WTG. The Export Cable runs from the last WTG up the east side of the 
island in an alignment that is roughly 9.5 km (5.9 miles) in length, to a temporary cofferdam 
located north of the harbor offshore of Crescent Beach.  This location is at a cofferdam with 
dimensions of approximately 6 m x 15 m x 2.75 m deep (20 ft x 50 ft x 9 ft), between roughly 
300 m (900 ft) and 600 m (1,900 ft) from the marine cable’s proposed onshore interconnection 
point, from which a HDD system will be used to bring the cable ashore.  As an alternative the 
Export Cable may be run to approximately the mean high water mark on the shore and a 
cofferdam installed there, which is currently under evaluation. 
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1.2. BITS INTRODUCTION 
The bi-directional BITS transmission line connecting Block Island to the mainland has two 
potential routes, both of which start at a cofferdam just north of the BIWF cofferdam, but make 
landfall at separate locations on the mainland.  

BITS Alternative 1 runs approximately 33.2 km (20.6 miles) from the Block Island cofferdam to a 
temporary cofferdam between approximately 300 m (900 ft) and 600 m (1,900 ft), from the 
marine cable’s proposed onshore interconnection point to offshore of Narragansett Pier area at 
the mouth of the Bay, at which point HDD will be used to bring the cable ashore.  

BITS Alternative 2 similarly runs approximately 40.0 km (24.9 miles) from the Block Island 
cofferdam, up the West Passage of the Bay, to a temporary cofferdam approximately 430 m 
(1,400 ft) offshore of the URI Bay Campus, at which point HDD will be used to bring the cable 
ashore.   

`As with the Block Island landfall, as an alternative, the BITS Alternative 1 Narragansett Beach 
Cable may be run to approximately the mean high water mark and a cofferdam installed there, 
which is currently under evaluation. This alternate shore landing is not under consideration for 
the BITS Alternative 2 GSO landfall.  A list of the estimated length of each cable burial track and 
the approximate area coverage of the disturbed area along each route is presented in Table 1.  

 
Table 1. Distance and surface area of each jet plow section. 

Section Approximate Distance 
Covered Surface Area 
(assuming 1.5 m (5 ft) 

trench width) 
BIWF Inter-Array 3.4 km (2.1 mi) 5,200 m2 (1.3 acres) 

BIWF Export Cable 9.5 km (5.9 mi) 14,500 m2 (3.6 acres) 
BITS Alternative 1 33.2 km (20.6 mi) 50,000 m2 (12.5 acres) 
BITS Alternative 2 40.0 km (24.9 mi) 61,000 m2 (15.1 acres) 

 
A description of the study area is presented in Section 2, and an overview of the modeling 
methodology is described in Section 3. Section 4 provides a more detailed description of the 
hydrodynamic model (HYDROMAP), its application to the study area and simulation results.  
Section 5 gives a detailed description of the sediment transport model (SSFATE) and how it is 
applied to the project activities. The sediment transport model application, results and 
conclusions are then presented for BIWF and BITS in Sections 6 and 7, respectively.  
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2. Description of Study Area 
The proposed BIWF is to be located just less than three miles offshore the southeast coast of 
Block Island in an area where Block Island Sound and Rhode Island Sound meet the Atlantic 
Ocean (Figure 2-1). The area is managed by the RI Coastal Resources Management Council 
under the Ocean Special Area Management Plan (RI Ocean SAMP), where the RI Ocean 
SAMP study area encompasses both Rhode Island state and federal waters including the area 
south of the southern coast of Rhode Island, west of Martha’s Vineyard and east of Long Island. 
The proposed Block Island Wind Farm project is within the RI Ocean SAMP management area 
inside the Block Island state waters three nautical mile limit, in the relatively shallow waters (20-
30 m, [60-100 ft]) to the southeast of the Island.  
 

 
Figure 2-1  Block Island Sound study area showing the RI Ocean SAMP designated area and the 
Rhode Island state waters  5.6-km (3-nm) limit boundary (RI Ocean SAMP 2011). 
 

The BIWF cable route remains in Block Island state waters for its entire length. The bathymetry 
of the BIWF cable route remains relatively shallow, primarily less than 30 m (100 ft). The BITS 
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cable route however, starts in state waters but passes through federal waters between the Block 
Island and Rhode Island mainland 5.6-km (3-nm) limits where depths exceed 40 m (131 ft) 
northeast of Block Island. 

The geology of the area is predominantly of glacial origin (RI Ocean SAMP, 2011) producing the 
familiar island features including Block Island as well as underwater moraines. Figure 2-2 shows 
some of the features of the glacial geology defining the area and indicating the bottom types 
found along the proposed cable routes. The details of the bottom sediment characteristics in the 
area will be discussed in depth in Sections 6 and 7. The geological features of the area have a 
strong influence on the physical oceanographic characteristics of the water bodies (Codiga and 
Ullman, 2010).  

The present study area for the cable embedment is defined primarily within Rhode Island Sound 
with the northern ends of the BITS routes entering into Narragansett Bay. Rhode Island Sound 
is the confluence of four major water bodies; Long Island Sound to the west, Narragansett Bay 
to the north, Buzzards Bay to the east, meeting in Rhode Island Sound and emptying into the 
Atlantic Ocean to the south. The eastern end of Long Island Sound to the west of Block Island is 
known as Block Island Sound.  

Circulation in the Block Island Sound and Rhode Island Sound area is predominantly tidally 
driven and rather complex. Currents on the eastern side of Rhode Island Sound flood to the 
east, into Buzzards Bay and Vineyard Sound and ebb to the west, whereas on the western side 
of Rhode Island Sound and in Block Island Sound, currents flood to the west, into Long Island 
Sound and ebb to the east, splitting around Block Island and flowing almost north-south on 
either side of the island. Tidal currents to the north of the Island flow predominantly in the east-
west direction until the entrance to Narragansett Bay is approached where the current 
orientation follows the coastline flowing into and out of the West Passage of Narragansett Bay. 
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Figure 2-2.  Location of glacial moraines in the Ocean SAMP area (RI Ocean SAMP 2011). 



BIWF & BITS Sediment Transport Analysis May 23, 2012 
  

 
8 

3. Modeling Approach 
The ultimate goal of this study was to determine the impacts of proposed cable installation 
activities on the environment, evaluated in terms of excess suspended sediment water column 
concentrations and sediment deposition characteristics (patterns and thickness).  The approach 
to evaluate these impacts included use of two different numerical models, one used to simulate 
the hydrodynamics in the study area and the other to simulate the sediment dispersion from the 
proposed activities.   

A hydrodynamic model developed by ASA called HYDROMAP (Isaji, et.al., 2001) was applied to 
define currents and circulation from tides.  The HYDROMAP model was applied with particular 
focus on the areas where the cables are to be installed. A description of the HYDROMAP model 
and its application is provided in Section 4.  The sediment transport model, also developed by 
ASA, called SSFATE (Anderson et.al., 2001) was used to predict the suspended sediment 
concentration and the transport and deposition of suspended sediment resulting from the 
proposed cable embedment activities.  A description of the SSFATE model and its application is 
provided in Section 5. 

The hydrodynamic model was set up and run to predict the tidal currents in the region.  The RI 
Ocean SAMP analysis found that the M2 semi-diurnal (twice a day) tidal harmonic was the 
predominant tidal current frequency, also signifying that while the atmospheric conditions affect 
the magnitude or direction the bulk of the energy in the system is due to tidal forcing. The end 
product of the hydrodynamic modeling was the current field, predicted from the tidal forcing over 
time, capturing spring (higher tidal amplitude/more energy) and neap (lower tidal 
amplitude/lower energy) conditions.  The calendar time of the simulations was arbitrary since 
the focus was on the tidal currents.  Furthermore the simulations were run long enough to 
generate current predictions on continuous bases such that it could encompass the duration of 
any of the proposed jet plow activities (approximately ~ 20 days long for any one cable 
component).  Each sediment dispersion simulation was initiated at a point approximately half 
way between the spring and neap tides.  The HYDROMAP model predicted currents were 
stored and used in all of the subsequent SSFATE sediment transport simulations. 

A matrix of sediment dispersion simulations was run to evaluate the impacts for each 
component of the transmission line cable burial activity.  The simulations were specified to take 
the sediment and jet plow characteristics (sediment grain size, volume of source sediments, 
cable burial advance rate etc.) as well as the environmental conditions (water depth, currents), 
into account.    For each of the individual cable burial routes, a base case was run assuming the 
average cable burial advance rate, and sensitivity simulations were run with higher (twice as 
fast) and lower (half as fast) advance rates to provide information on the model’s sensitivity to 
the range of operational conditions.  The final results of the sediment dispersion simulations 
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were predictions of the extent and duration of suspended sediment concentrations within the 
water column along the route and the final sediment deposition characteristics (pattern and 
thickness) associated with each proposed activity.   
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4. Hydrodynamic Modeling 
The circulation characteristics are an important input into the sediment transport modeling.  A 
hydrodynamic model application of the study area was developed using a refined grid of ASA’s 
HYDROMAP modeling system which had been used previously for the study area and fully 
calibrated (Crowley and Mendelsohn 2010).  The previous application was refined to focus on 
the requirements of the present study.  This section provides details of the HYDROMAP model 
system, the previous model application to the study area and the present hydrodynamic model 
application development and resulting predictions.   

4.1. DESCRIPTION OF HYDROMAP 
HYDROMAP is a globally re-locatable hydrodynamic model (Isaji, et al., 2001) capable of 
simulating complex circulation patterns due to tidal forcing, wind stress and fresh water flows 
quickly and efficiently anywhere on the globe.  HYDROMAP employs a novel step-wise-
continuous-variable-rectangular (SCVR) gridding strategy with up to six levels of resolution.  
The term step-wise continuous implies that the boundaries between successively smaller and 
larger grids are managed in a consistent integer step.  The advantage of this approach is that 
large areas of widely differing spatial scales can be addressed within one consistent model 
application. Grids constructed by the SCVR are still “structured,” so that arbitrary locations can 
be easily located to corresponding computational cells. This mapping facility is particularly 
advantageous when outputs of the hydrodynamics model propagate to subsequent application 
programs (e.g. Lagrangian particle transport model [SSFATE, OILMAP]) that use another grid or 
grid structure. 

The hydrodynamic model solves the time dependent, three-dimensional conservation equations 
for water mass, density, and momentum in spherical coordinates with the Boussinesq and 
hydrostatic assumptions applied.  Model output consists of surface elevation and the three 
dimensional field of horizontal current velocities.  The numerical solution methodology follows 
that of Davies (1977) and Owen (1980).  The interested reader is directed to Isaji et al. (2001), 
and Isaji and Spaulding (1984) for a detailed description of the model. 

4.2. STUDY AREA MODEL CALIBRATION 
ASA had previously applied and calibrated the HYDROMAP model of the study area in support 
of the RI Ocean SAMP, (Crowley and Mendelsohn 2010).  The RI Ocean SAMP is a coastal 
management tool that utilizes adaptive ecosystem based management with a goal of protecting 
and promoting ecosystem services while also promoting sustainable economic development 
within the state’s coastal domain.   The RI Ocean SAMP was the product of many separate 
research areas and the hydrodynamic model application was developed in support of the 
activities carried out by URI scientists who were evaluating the physical characteristics of the 
coastal waters with respect to developing appropriate areas for potential renewable energy 



BIWF & BITS Sediment Transport Analysis May 23, 2012 
  

 
11 

project development.  Specifically, ASA was tasked to develop a three dimensional 
hydrodynamic model for use in assessment of the characteristics of the bottom currents within 
the RI Ocean SAMP boundaries (shown in Figure 2-1).  For that project ASA developed a 
hydrodynamic model application to the study area utilizing observations from the RI Ocean 
SAMP study for calibration, a brief summary of which is provided below. However, more details 
may be found in the original study (Crowley and Mendelsohn 2010).   

ASA developed a hydrodynamic model application of an area that encompassed the RI Ocean 
SAMP study area but also extended the area far enough to capture features important in 
determining circulation in Rhode Island Sound, using ASA’s HYDROMAP modeling software 
system.  A model grid was developed utilizing HYDROMAP’s stepwise continuous variable 
rectangular gridding system.  The gridded domain extended to the deep waters (~200 m [~660 
ft]) in the south and east directions off of Cape Cod and Nantucket, to the terminus of Long 
Island Sound and the New York Bight in the west direction and approximately 70 km (45 mi) 
south, offshore of the RI Ocean SAMP study area and the coasts of New York, Rhode Island 
and Massachusetts.  Grid cell sizes ranged from approximately 125-2,000 m (400-6,500 ft) in 
horizontal resolution and the vertical grid was represented by Legendre polynomials, where in 
this instance six polynomials were used to represent the vertical variability in the currents.  The 
bathymetry data used in the model grid was assembled from various sources: NOAA NGDC 
Coastal Relief Model (1998), and ETOPO2 (NGDC, 2001).  Figure 4-1 illustrates the RI Ocean 
SAMP model grid and Figure 4-2 illustrates the RI Ocean SAMP model grid bathymetry.   

 
Figure 4-1.  RI Ocean SAMP hydrodynamic model grid. 
 
The water circulation in Block Island Sound and Rhode Island Sound is mostly tidally driven 
(Codiga and Ullman, 2010; Gordon and Spaulding, 1979). Harmonic constituent data extracted 
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from the TPXO global tidal model (Mukai, et.al., 2001) was used at the model open boundaries. 
Each boundary cell was assigned a unique set of the harmonic constituent amplitudes and 
phases. An example of the M2 constituent amplitude is presented in Figure 4-3.  In total, the 
open boundary was specified for the predominant five tidal constituents in the area: three semi-
diurnals (M2, N2, and S2) and two diurnals (K1 and O1).  HYDROMAP (Isaji et al., 2001), 
employs a strategy that uses the harmonic construction of astronomic tidal currents where each 
harmonic (constituent) is simulated individually and then the real time tide is assembled using 
the harmonic summation of these simulated constituents. 

 

 
Figure 4-2.  RI Ocean SAMP model grid bathymetry. 
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Figure 4-3.  Example hydrodynamic model M2 harmonic constituent amplitudes. 
 

Wind forcing was also employed in the model application for the RI Ocean SAMP as it can be 
important in simulating surface currents but rarely important for bottom currents, which affect 
sediment transport. Wind observations recorded at the MDS station were used as input for the 
wind forcing in the model. A time series plot of the wind vectors is presented in Figure 4-4 for 
the study time period.   

The RI Ocean SAMP hydrodynamic model was calibrated to surface elevation and current 
observations gathered from temporary monitoring stations deployed as part of the RI Ocean 
SAMP (identified as MDS, MDF, POS, POF; multidisciplinary and physical oceanographic data 
sites in state and federal waters, respectively) (RI Ocean SAMP, 2010) as well as permanent 
NOAA stations located along the coast in Newport (Station 8452660); and at Montauk, NY 
(Station 8510560).  Figure 4-5 illustrates the location of the observation stations used for model 
calibration.  Calibration to water surface elevations was performed at Montauk, Newport POS 
and POF while calibration to currents was performed at MDS, MDF, POS and POF.  Also 
illustrated in Figure 4-5 is the RI Ocean SAMP boundary, the 5.6-km (3-nm) state water 
boundary around Block Island and the Renewable Energy Zone (RE Zone) as delineated by the 
RI Ocean SAMP team.   



BIWF & BITS Sediment Transport Analysis May 23, 2012 
  

 
14 

 
Figure 4-4.  Time series stick plot of observed wind at station MDS for the period from 31 October 
through 30 November 2009. 
 
 

The model simulations found that the model successfully recreated the water surface elevations 
and more importantly the observed currents within the study domain.  Figure 4-6  illustrates the 
model predictions versus observed surface elevations at the various locations within the 
domain.  This figure illustrates that the model was able to capture the spring neap cycle 
adequately throughout the domain.  The tidal response varies over the domain and the spring 
neap cycle from an observed low range of approximately 0.5 m (1.6 ft) to a high of 1.0 m (3.3 ft) 
which was well matched by the model predictions. 

The model predicted currents were also compared to observations.  Figure 4-7  shows the 
comparison of observed versus model-predicted currents at MDS, illustrated as the separate 
east/west (U) and north/south (V) velocity components.  The analysis found that the model was 
able to recreate both the semidiurnal signal from tidal currents, but also was able to recreate the 
mean currents which were responding to atmospheric forcing.   
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 Figure 4-5.  Location of observation stations used for model calibration. 
 

 
Figure 4-6.  Time series model vs. observed surface elevation for the period 15 October through 
30 November 2009. 
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Figure 4-7.  Time series comparison of model predicted and observed currents at MDS in the top, 
middle, and bottom layers for the a) u-component and b) v-component of current vectors for the 
period 15 October through 30 November 2009. 
 
Furthermore the model was able to recreate the vertical structure of the observed currents as 
evident in the model predictions versus observed top, middle and bottom currents.  Harmonic 
decomposition was also performed on both the observed and predicted velocity components for 
the surface, middle and bottom of the water column.  This analysis found that the M2 frequency 

(a
 

(b
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was the predominant current frequency, also signifying that while the atmospheric conditions 
affect the magnitude or direction that the bulk of the energy in the system is due to tidal forcing.  
Further details of the calibrated RI Ocean SAMP model can be found in the original study 
(Crowley and Mendelsohn, 2010).   

 

4.3. MODEL APPLICATION TO THE PROJECT AREA FOR USE IN THE SEDIMENT TRANSPORT 
ANALYSIS 

This study is ultimately focused on the effects of the potential sediment impacts from jet plow 
activities associated with the installation of undersea (buried) cables associated with the BIWF 
and BITS.  One of the inputs required for the sediment transport study is the current field in the 
project area that is used to transport the suspended sediment.  The previously developed RI 
Ocean SAMP hydrodynamic model application encompassed the areas in which jet plow 
activities are proposed to take place, however the model grid was not finely resolved in some 
areas, particularly in the nearshore regions, and therefore the RI Ocean SAMP model grid was 
refined and new simulations were run to generate the currents for use in the sediment transport 
study.  The present study will be referred to hereafter as the Deepwater Wind hydrodynamic 
study. 

For this model application, the model was forced only with tidal components.  This approach 
was employed for a number of reasons and described earlier in Section 4.2.  First, the majority 
of the current energy is tidal, particularly at the bottom of the water column where impacts are 
expected.  Wind effects on circulation in the region are primarily on the surface waters, 
particularly offshore where the water depths are greater.  Stronger winds can impact bottom 
currents either through direct response in the direction of the wind or through bottom return 
flows in shallow areas that are subject to wind set up or set down, however these events are 
rare and extreme and not likely to take place concurrent with jet plow activities.  Additionally, the 
wind forcing varies depending on the weather patterns and therefore cannot be predicted with 
certainty for future conditions.  

Sediment transport generally responds to currents such that water column suspended sediment 
concentrations are higher and bottom deposition thickness is greater during periods of weaker 
currents.  Conversely, water column suspended sediment concentrations are lower and bottom 
deposition thickness is smaller during periods of higher currents.  This is due to the fact that 
stronger currents move the peak concentrations further from the source, dispersing them along 
the way, while weaker currents do not move the water and associated concentrations as far and 
therefore higher concentrations are maintained and sediment settles out closer to the source.  
Finally, the daily variability in current speeds, particularly bottom currents, due to the changing 
phases of the tides (slack, peak ebb, peak flood) is typically much greater than the variability in 
peak current speeds for a “strong” wind day compared to a “weak” wind day, thereby 
marginalizing the impacts of wind driven currents.   
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The model grid was resolved extensively at the near shore regions encompassing the proposed 
jet plow activities around Block Island and within Narragansett Bay.  Figure 4-8 illustrates the 
updated Deepwater Wind hydrodynamic model grid and Figure 4-9 shows a closer view focused 
in on the area of proposed jet plow activities and their alternatives (alternate cable route).  
Model grid resolution was refined to approximately 64 m (210 ft) at the smallest scale while 
remaining at approximately 2 km (at the larger end further from the study area.   

 
Figure 4-8.  Deepwater Wind hydrodynamic model grid. 
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Figure 4-9. Closer view of Deepwater Wind hydrodynamic model grid near proposed project 
activities. 

 
The model was set up using the same tidal forcing as employed in the calibrated RI Ocean 
SAMP model and simulations were run for approximately sixty days in order to encompass the 
longest period required for any jet plow activity and also allow a start times over a range of 
potential tidal conditions.  The spring neap cycle of tides repeats itself on a 14-day period and 
as such the calendar time for which the simulations were run was arbitrary as it captured a 
repeating spring/neap cycle.  The hydrodynamic simulations were run from April – June 2009; 
the calibration time period for the RI Ocean SAMP application was in 2009 and April to June is 
expected to be representational of the potential jet plow time period. All of the sediment 
transport simulations were run with a start time of 11 May, 2009 which was identified as falling 
in the middle of the spring/neap cycle.   

Model predicted currents varied spatially depending on the tide phase and were strongly 
influenced by the physical characteristics (shoreline, depth) of the region.  Typical flood and ebb 
patterns in the domain are shown in Figure 4-10 and Figure 4-11 respectively.   In these and 
subsequent figures of current patterns the size of the arrows depicts the current speeds 
however the number of arrows reflects the grid cell resolution.   The bottom current peak speeds 
varied but were typically close to 0.10 m/s (0.3 ft/s) though can reach up to 0.30 m/s (1.0 ft/s) in 
some areas.  The model predicted surface elevations and current speeds at a location 
approximately in the middle of the proposed BITS cable route (illustrated in Figure 4-10) are 
shown in Figure 4-12.  This figure shows that at this location the tidal range varied from between 
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approximately 0.4 m to 0.9 m (1.3 – 3.0 ft/s) over the spring/neap cycle and the associated 
bottom current amplitude ranges from approximately 0.10 m/s to 0.22 m/s, (0.3 – 0.7 ft/s), 
respectively. 

Figure 4-13 and Figure 4-14 show a closer view of current patterns in Block Island 
Sound/Rhode Island Sound for ebb and flood currents respectively. The tidal currents flowed in 
a west/northwest to southeasterly direction through Block Island Sound into Rhode Island 
Sound therefore predominately flowed perpendicular to the proposed cable route.  South of 
Block Island near the Inter-Array cable and the Block Island end of the Export Cable the current 
patterns were predominantly shore parallel to the eastern shore of Block Island.  In this region 
the cable route for the Inter-Array cable was nearly shore parallel from the proposed BIWF until 
they made an angle towards shore.  Similarly the Export Cable near Block Island is at a slight 
angle from perpendicularity (approximately 75 degrees).   

Figure 4-15 and Figure 4-16 show a closer view of the current patterns in the project area within 
Narragansett Bay for ebb and flood currents, respectively.  The predominant current patterns in 
Narragansett Bay ran in a north/south orientation, as did the main portion of the cable burial 
path that runs through this area.  The cable route close to shore changes in direction and angles 
in towards shore and is therefore nearly perpendicular with the upland connection site.  Similarly 
the currents also slightly changed in direction due to the effects of the nearby coastline and 
were oriented slightly more shore parallel. 

 
Figure 4-10. Illustration of peak flood current patterns. 
 

Time Series 
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Figure 4-11. Illustration of peak ebb current patterns. 
 

 
 
Figure 4-12. Illustration of surface elevations and bottom current speeds at a location in the 
middle of the proposed BITS cable route. 
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Figure 4-13. Ebb circulation patterns in Block Island Sound/Rhode Island Sound. 
 

 
Figure 4-14. Flood current patterns in Block Island Sound/Rhode Island Sound. 
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Figure 4-15. Ebb current patterns in Narragansett Bay. 
 

 
Figure 4-16. Flood current patterns in Narragansett Bay. 
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5. Sediment Dispersion Modeling 
The ultimate goal of this study was to determine the effects of proposed cable burial activities, 
evaluated in terms of suspended sediment water column concentrations and sediment 
deposition characteristics (patterns and thickness).  While there is a turbidity limit over 
background presented in the RIDEM Water Quality Regulations, numerical TSS regulations are 
not given, nor are narrative criteria proposed. The final impacts assessment therefore must be 
made in terms of potential impacts to sensitive biological resources based on estimated water 
column concentrations and deposition thickness, but are not determined through direct 
numerical criteria. This study will therefore seek to characterize the physical response expected 
as a result of the jet plow activities. This analysis of the water column suspended sediment 
concentrations, and their subsequent deposition pattern, resulting from resuspension due to jet 
plow operations, will be used to form the basis for the assessment of potential sediment impacts 
during Project construction and operation.  

The physical effects of the cable burial process were assessed through sediment dispersion, 
transport and deposition modeling.  Water column concentrations of natural sediment transport 
were not modeled so the concentrations are to be considered excess above any background 
levels. This section provides a description of the sediment model as well as a summary of the 
model application to the proposed development.   

5.1. SSFATE TECHNICAL DESCRIPTION 
The sediment dispersion model SSFATE was used to predict the suspended sediment 
concentration and the transport and deposition of suspended sediment resulting from the 
proposed cable embedment activities. SSFATE was originally jointly developed by ASA and the 
U.S. Army Corps of Engineers (USACE) Environmental Research and Development Center 
(ERDC) to simulate the sediment resuspension and deposition from dredging operations. It has 
been documented in a series of USACE Dredging Operations and Environmental Research 
(DOER) Program technical notes (Johnson et al. 2000 and Swanson et al. 2000b); at a previous 
World Dredging Conference (Anderson et al. 2001) and a series of Western Dredging 
Association Conferences (Swanson et al., 2004; Swanson et al., 2006a; Swanson and Isaji, 
2006b; Swanson et al. 2007). A number of ASA technical reports have been prepared that 
demonstrate successful application of the model to dredging. In addition, SSFATE has been 
extended to include the simulation of cable and pipeline burial operations using water jet 
trenchers and mechanical plows, and has been used for previous electrical embedment studies, 
including the PSEG Cross Hudson cable, the Bayonne Energy Center and the Mid Atlantic 
Power Pathway projects. 
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The SSFATE modeling system computes suspended sediment distributions and deposition 
patterns resulting from dredging, jetting and plowing operations and contains the following 
features: 

• Three-dimensional simulation capability 

• Ambient currents can either be imported from a numerical hydrodynamic model or drawn 
graphically using interpolation of limited field data, 

• Computational model predicts the transport, dispersion, and settling of suspended 
sediment released to the water column using a random walk procedure, 

• Multiple sediment types or fractions can be simulated simultaneously, and 

• Model outputs consist of concentration contours in both horizontal and vertical planes 
and the spatial distribution and thickness of sediment deposited on the sea floor. 

 

5.2. MODEL APPLICATION TO RHODE ISLAND SOUND STUDY AREA 
The SSFATE model was used to predict bottom deposition and excess total suspended 
sediment water column concentrations resulting from jet plow and cofferdam area re-fill 
activities in Rhode Island Sound and Narragansett Bay associated with the installment of BIWF 
and BITS transmission cables.  

Based on the best available data concerning the proposed cable routes, trench dimensions, and 
near surface sediment types, the model was run for each cable component to predict the 
trajectory and fate of suspended sediment resulting from the jet plow activity. The routes and 
trench dimensions were based on information provided by Deepwater Wind and Tetra Tech. 
Sediment types were derived from vibracores that were collected by AECOM and subsequently 
analyzed for grain size distribution by GeoTesting Express. The particle size distributions as 
provided by GeoTesting Express were subsequently analyzed and processed by ASA for 
appropriate input into the SSFATE model. Each of the samples was re-classified into 5 
sediment classes according to the criteria as specified in Table 2. 
 
Table 2. Breakdown of sediment classifications by particle diameter. 

Sediment Classification 
Particle Diameter 

(μm) 
Clay < 7  

Fine Silt 8 – 35  
Coarse Silt 36 – 74  
Fine Sand 75 – 130  

Med - Coarse Sand > 130  
 

Depending on the length of the scenario, a 1 or 2 minute time step was used in the model 
simulations. At every time step, 25% of the trench volume (i.e., cross sectional area of the 
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trench times the distance travelled by the jet plow in one time step) was released into the water 
column according to a predefined vertical distribution as shown in Figure 5-1, whereby the 
majority of the sediment is released close to the seabed although a small fraction of sediment is 
propelled up to 6 m above the height of the plow. The 25% release volume is a conservative 
value for these types of operations based on ASA experience, but is used in the absence of 
available data for the specific plow configurations to be used for the actual cable burial in Rhode 
Island Sound. 

Conservative  trench dimensions for each of the jet plow sections were provided by Deepwater 
Wind and were calculated to have a cross sectional area of 2.28 m2 (24.5 ft2) based a surface 
trench width of  1.5 m (5 ft)  wide, a bottom surface width of 0.6 m (2 ft), and an average depth 
of 2.1 m (7 ft).    

At each time step sediment particles are released into the water column at the predefined 
vertical distribution based on a spatially varying sediment class distribution as determined from 
the vibracore samples analyzed. Each particle is advected laterally by tidal currents as predicted 
by the HYDROMAP model (described in Section 4) at every time step in the model. The 
currents are time and spatially variable and as such each run of the SSFATE model is predicting 
the sediment transport for a single discrete event. For this study a start date was chosen which 
fell between neap and spring tides, and thus provides an average case as described in Section 
4.  

 

Figure 5-1. Vertical distribution of sediment released from jet plow activity used in SSFATE. 
 

Additionally, individual sediment particles have a downward velocity which is variable depending 
on both the particle size of the sediment class (settling velocity) and the environmental 
conditions. Sediment is assumed to be immobile upon settling on the seabed (assumed no-
resuspension) and depositions are calculated based on particle deposition locations overlain on 
a rectilinear grid with dimensions of 40 m by 40 m (130 ft x 130 ft) in the lateral, x and y 
directions. Using this approach, depositions for each cell as calculated by the model are 
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averages across a larger area. As such, there may be highly localized points (i.e., directly above 
the jet plow) where deposition accumulations exceed that of the predicted deposition as output 
by the model. 

Concentrations of sediment in the water column are similarly calculated on a rectilinear grid 
measuring 40m by 40m (130 ft x 130 ft) in the horizontal and 1 m (3.2 ft) in the vertical 
dimension.  For each model time step, water column concentrations of total suspended 
sediments are calculated based on the mass of sediment per unit volume of water. Similar to 
the deposition output, because concentrations are calculated on a grid they provide a 
concentration average, based on the cell volume and mass within that cell, at each time step 
and thus in reality there may be some highly localized peaks above the model predicted 
concentrations, directly above the jet plow.  

Three model simulations using representative advance rates, were completed for each 
component of the cable route in order to assess model sensitivity. These individual advance 
rate sensitivity scenarios have identical input parameters (including the same start date) with the 
exception that advance rates of 90 m/hr (300 ft/hr), 180 m/hr (600 ft/hr) and 360 m/hr (1,200 
ft/hr) were analyzed.  For each of the 12 jet plow scenarios a south to north jet plow direction 
was simulated.  It is assumed that a north to south jet plow direction would have analogous 
results. A list of the cases run is presented in Table 3. 

In addition to modeling of sediment dispersion from the jet plow activity, SSFATE was also used 
to assess sediment transport resulting from the infilling of the cofferdams set up in the 
nearshore to pass the offshore cables onshore via HDD.  Three of these sediment release 
scenarios were modeled, corresponding to the end points of the various cable routes. Based on 
specifications provided by Deepwater Wind, 685 m3 (2,250 ft3), or roughly one quarter of the 
excavated sediments, were to be replaced. The sediment source was assumed to be at the 
surface since the refilling material entered the water column there, located at a single point 
within the cofferdam area and continuously released over a 4-hour period. 

A similar methodology was applied for these cofferdam infilling scenarios as was done for the jet 
plow scenarios concerning the sediment type, with the same sediment classification being used 
and the sediment distribution being determined based on the closest vibracore sample. 
However, a 5 m by 5 m (16 ft by 16 ft) grid horizontal grid was applied for the deposition output 
and a 5 m by 5 m (16 ft by 16 ft) horizontal and 2 m (6.6 ft) vertical grid was used to calculate 
concentration output. A 2 minute time step was used for all of the cofferdam simulations. These 
cases are also summarized in Table 3. 

The results of the modeling study are presented in the following two sections. The first section 
addresses the potential impacts for the jet plow and cofferdam activities of the BIWF portion of 
the project, (Section 6) and the second addresses the two BITS alternatives, (Section 7). 
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Table 3. Summary of sediment dispersion model scenarios. 

Scenario 
Number Activity Mechanism Analysis Type 

 (Base vs Sensitivity) Description 

1 BIWF Jet Plow Base BIWF Inter-Array Cable with jet plow speed of 
600 ft/hr 

2 BIWF Jet Plow Base BIWF Export Cable with jet plow speed of 600 
ft/hr 

3 BITS Jet Plow Base BITS Alternative 1 with jet plow speed of 600 
ft/hr 

4 BITS Jet Plow Base BITS Alternative 2 with jet plow speed of 600 
ft/hr 

5 BIWF Refill Base Cofferdam Refill at Block Island 

6 BITS Refill Base Cofferdam Refill at BITS Alternative 1 
termination 

7 BITS Refill Base Cofferdam Refill at BITS Alternative 2 
termination 

8 BIWF Jet Plow Sensitivity - Slower 
rate 

BIWF Inter-Array Cable with jet plow speed of 
300 ft/hr 

9 BIWF Jet Plow Sensitivity -Faster 
rate 

BIWF Inter-Array Cable with jet plow speed of 
1,200 ft/hr 

10 BIWF Jet Plow Sensitivity - Slower 
rate 

BIWF Export Cable with jet plow speed of 300 
ft/hr 

11 BIWF Jet Plow Sensitivity -Faster 
rate 

BIWF Export Cable with jet plow speed of of 
1,200 ft/hr 

12 BITS Jet Plow Sensitivity - Slower 
rate 

BITS Alternative 1 with jet plow speed of 300 
ft/hr 

13 BITS Jet Plow Sensitivity -Faster 
rate 

BITS Alternative 1 with jet plow speed of of 
1,200 ft/hr 

14 BITS Jet Plow Sensitivity - Slower 
rate 

BITS Alternative 2 with jet plow speed of 300 
ft/hr 

15 BITS Jet Plow Sensitivity -Faster 
rate 

BITS Alternative 2 with jet plow speed of of 
1,200 ft/hr 
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6. BIWF Application 
6.1. BIWF SEDIMENT CHARACTERISTICS 
As described in Section 5, vibracores were taken along the transmission cable routes in the 
study area. A sieve analysis was completed on samples from many of the vibracore locations, 
providing information on the size of the sand fraction for each sample. Additionally, some of the 
samples were analyzed for the silt and clay fractions to give a comprehensive breakdown of the 
grain size distribution. Based on the available data, as well as additional American Society for 
Testing and Materials (ASTM) and descriptive classifications given for each sample and pictures 
taken of each vibracore, an average distribution of sand, silt, and clay was determined for each 
vibracore location. These distributions are presented in Figure 6-1 for the BIWF Inter-Array and 
Export Cable routes.  Generally this region was characterized by coarse sands and gravels, 
although there was a section along the central portion of the Export Cable where most of the 
sediment was composed of clays and silts. Based on the available data, most of the region 
showed a generally homogenous distribution from the near surface to the depth of the cable 
burial (1.8 m [6 ft]). 

6.2. BIWF SEDIMENT DISPERSION MODELING RESULTS 
The SSFATE model was use to simulate the jet plow operation along the two cable routes 
(Table 4) and the cofferdam infilling as described in detail in Section 5.2 above.  As noted, due 
to the uncertainty of the final jet plow advance rate, a sensitivity of the model results to three 
different rates was performed. The base case jet plow advance rate of 180 m/hr (600 ft/hr) will 
be evaluated in detail here but the additional sensitivity simulations of 90 m/hr (300 ft/hr) and 
360 m/hr (1,200 ft/hr) are presented in the Appendix 1, for clarity. A comparison between the 
three sets of simulations is presented at the end of this section. 

 

Table 4. Distance and surface area of BIWF cable routes. 

Section Approximate Distance 
Trench Surface Area 
(assuming 1.5 m [5 ft] 

trench width) 
BIWF Inter-Array 

Cable 3.4 km (2.1 mi) 5,200 m2 (1.3 acres) 

BIWF Export Cable 9.5 km (5.9 mi) 14,500 m2 (3.6 acres) 
 
Each of the two cable components and the cofferdam were evaluated individually to determine 
the re-suspended sediment concentration in the water column and the deposition pattern and 
dimensions, spread and thickness, at and around the burial activities.  The total surface area of 
the jet plow trench, based on the assumed trench shape, is also presented in Table 4. 
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Figure 6-1. Sediment distribution along the BIWF Inter-Array and Export Cable routes used in 
SSFATE. 
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6.2.1. BIWF INTER-ARRAY CABLE ROUTE 
Suspended sediment concentrations predicted by the SSFATE model for the the jet plow 
simulation of the BIWF Inter-Array Cable moving at an advance rate of 600 ft/hr are presented 
in Figure 6-2, Figure 6-3, Figure 6-4.   

Figure 6-2 shows an example instantaneous water column suspended sediment concentrations 
plot from the Inter-Array jet plow operations at the BIWF for the 180 m/hr (600 ft/hr) advance 
rate. The area coverage is clearly small and centralized about the jet plow operations at that 
instant in time.  Figure 6-3 presents a time integrated view of the maximum excess suspended 
sediment concentrations predicted to occur during jet plowing operations at any time and any 
location along the entire cable route during the simulation. It is important to note that the figure 
does not display the predicted concentrations at any one time but shows a time integrated view 
over the entire simulation. This provides a convenient method for evaluation of the 
concentrations over the entire simulation in a single figure. 

The model results for this scenario clearly indicate that excess water column concentrations 
were limited to areas very close to the Inter-Array Cable route. The sediment in this area was 
composed primarily of coarse sands (Figure 6-1) and for this reason sediment dropped quickly 
to the seafloor after resuspension from the jet plow. This prevented the formation of any major 
plumes in the water column. While the jet plow was operating, concentrations in the nearfield 
(within a few meters of the plow) were elevated, although outside of this nearfield zone no 
concentrations exceeded 100 mg/L. Concentrations of 10 mg/L were found to extend no more 
than about 50 m (160 ft) away from the cable route. 

Figure 6-4 provides the area of suspended sediment for a range of excess suspended sediment 
concentration values with durations from 10 minutes to 24 hours hours resulting from jetting of 
the trench along the interarray cable route.  For this scenario the model predicted that 
concentrations of 10 mg/L cover an area of 0.075 km2 (18.5 acres) for approximately 10 minutes 
cumulatively over the scenario time. Because of the coarse grain sized sediments,  the water 
column concentrations were generally low along this route, and the consequent area coverage 
and durations were also small.  

Bottom deposition thicknesses predicted by the SSFATE model for the the cable burial for the 
BIWF Inter-Array Cable are presented in Figure 6-5 and Figure 6-6.   

Figure 6-5 presents a map of the grid-averaged suspended sediment redeposition resulting from 
the jet plow operations along this route. The model predicted a narrow corridor where 
thicknesses exceeded 10 mm (0.4 in) directly adjacent to the trench along nearly the entire 
route length. These accumulations were due to the sandy material that characterizes the region 
that falls quickly to the seafloor. Some sediment traveled further away, although accumulations 
exceeding 1 mm (0.04 in) were limited to within about 40 m (130 ft) from the plow path. 
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Figure 6-6 presents the area affected by various thickness levels along the interarray cable 
route. Overall, there were 0.085 km2 (21 acres) covered with thicknesses exceeding 10 mm (0.4 
in) and 0.270 km2 (67 acres) with more than 1 mm (0.04 in) of accumulation. The 10 mm (0.4 in) 
coverage is contained within a very narrow band, and the thin 1 mm (0.04 in) coverage is only 
slightly wider, both following along the cable burial route.  The large majority of material 
therefore ends up back on top of the jet plow route.  
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Figure 6-2.  Example instantaneous water column suspended sediment concentrations from the 
Inter-Array jet plow operations at the BIWF (180 m/hr [600 ft/hr] advance rate). 
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Figure 6-3. Time integrated maximum excess (above ambient) water column suspended sediment 
concentrations from the Inter-Array jet plow operations at the BIWF (180 m/hr [600 ft/hr] advance 
rate). 
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Figure 6-4. Area and duration of model predicted suspended sediment concentrations from jet 
plowing of the Inter-Array Cable route for the BIWF (180 m/hr [600 ft/hr] advance rate). 
 



BIWF & BITS Sediment Transport Analysis May 23, 2012 
  

 
36 

 
Figure 6-5. Deposition thicknesses resulting from the jet plow operations along the Inter-Array 
Cable route at the BIWF (180 m/hr [600 ft/hr] advance rate). 
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Figure 6-6. Area of sediment deposit at different thicknesses from the Inter-Array Cable jet plow 
operations at the BIWF (180 m/hr [600 ft/hr] advance rate). 
 

6.2.2. BIWF EXPORT CABLE ROUTE 
Suspended sediment concentrations predicted by the SSFATE model for the the jet plow 
simulation of the BIWF Export Cable moving at an advance rate of 180 m/hr (600 ft/hr) are 
presented in Figure 6-7, Figure 6-8 and Figure 6-9. 

Figure 6-7 shows an example instantaneous water column suspended sediment concentrations 
plot from the Export Cable jet plow operations at the BIWF for the 180 m/hr (600 ft/hr) advance 
rate. The area coverage was small and centralized about the jet plow operations at that instant 
in time. This pattern does not vary much along the route, but the figure shows a response in an 
area where smaller grain sizes prevail and the horizontal extent is greater than average along 
the route.  

Figure 6-8 presents the time integrated view of maximum excess suspended sediment 
concentrations predicted to occur during jet plowing operations at any time and any location 
along the entire cable route during the simulation. The maximum concentrations predicted are 
therefore a composite in both space and time. It should be emphasized that the maximum 
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predicted sediment plume concentrations and extent as presented will not exist at any one time 
during the installation, but rather show a time integrated view over the entire simulation. 

The model results for this scenario indicated that excess water column concentrations do not 
extend far from the trench where the sediment is composed primarily of sand and gravel. In 
these areas sediment fell quickly to the seafloor and concentrations greater than 10 mg/L were 
typically isolated to within 50 m (160 ft) of the jet plow. However, in the regions where there 
were significant quanitities of silt and clay elevated water column concentrations extend further 
from the source. In these areas the 10 mg/L contour extended up to approximately 975 m 
(3,200 ft) from the cable route.  In this region the 200 mg/L and 500 mg/L contours extended 
approximately 200 m and 80 m (650 ft and 260 ft), respectively, from the cable route at their 
maximum distance.  

While these concentrations did extend away from the plow route, their existence was short lived 
and only occured in areas where fine grained sediment resulted in the formation of a plume.  

Figure 6-9 provides the area of suspended sediment for a range of concentration values with 
durations from 10 minutes to 24 hours hours resulting from jetting of the trench along the BIWF 
transmission route.  This figure provides the duration and extent of plumes throughout the 
period of jet plowing – indicating that for higher concentrations there are smaller areas affected 
and shorter lived plume durations. Note however, that the “duration” presented in the plot is 
cumulative and therefore an area coverage at a given concentration level does not necessarily 
persist for the entire given “duration”. Rather the “duration” is a sum of the times during the 
entire simulation that a given size area is covered by a given concentration, anywhere in the 
study domain. 

For this scenario the model predicted that a suspended sediment concentration of 100 mg/L 
covered an area of up to 0.44 km2 (109 acres) for a total time over the simulation of 
approximately 10 minutes. Smaller areas of 100 mg/L concentration also occured in the water 
column for up to an hour total over the simulation. Lower concentrations occured more 
frequently and covered larger areas. For this scenario concentrations of 10 mg/L covered an 
area of 2.2 km2 (536 acres) only up to 10 minutes total. 

Bottom deposition thicknesses predicted by the SSFATE model for jet plow operations for the 
BIWF Export Cable are presented in Figure 6-10 and Figure 6-11. 

Figure 6-10 presents a map of the deposition resulting from the jet plow operations along this 
route. The model predicted that, in the northern and southern extents of the cable route, there is 
a narrow corridor where thicknesses exceed 10 mm (0.4 in) directly adjacent to the trench 
indicating that the majority of material fell quickly back into the jet plow trench from where it 
came. These thick accumulations were due to the sandy material that characterizes the region 
that falls quickly to the seafloor after being suspended into the water column from jet plow 
operations. While most of the area was sandy in nature, in the central part of the route there 
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was significantly more silt and clay present. At these locations sediment was dispersed over a 
larger area and at thinner accumulations. However, in both the sandy and non-sandy regions, 
the model predicted that accumulations of greater than 1 mm did not extend further than 75 m 
(250 ft) from the jet plow. 

Figure 6-11 relates the area affected by various thickness levels along the Export Cable route. 
Overall, there were 0.230 km2 (58 acres) covered with thicknesses exceeding 10 mm (0.4 in) 
and 0.780 km2 (193 acres) with more than 1 mm (0.04 in) of accumulation. It is important to note 
that predictions of the accumulation assumed that once deposited on the bottom there would 
not be any resuspension of these sediments. However during storm events it is possible that 
this sediment will become mobile and may be redistributed from its original deposition location.  

Table 5 presents the results of the sensitivity study of the jet plow advance rate on the water 
column suspended sediment concentrations and deposition thickness.  The 3 advance rates of 
90 m/hr (300 ft/hr), 180 m/hr (600 ft/hr) and 360 m/hr (1,200 ft/hr) are presented for comparison.  
The water column concentration was evaluated in terms of maximum area coverage for 
concentrations greater than 100 mg/l with a cumulative duration of 10 minutes. Similarly the 
deposition footprint, area coverage, was evaluated for a deposition thickness of 1 mm (0.04 in) 
or greater.  

The sediments along the BIWF routes were coarse grain sand which resulted in a relatively 
small affected area from the embedment activities. Elevated suspended sediment 
concentrations were contained in areas near the cable route and deposition footprints were 
small, as the majority of the sediments settled out rapidly. There was therefore little variation in 
the concentration or sedimentation footprint seen between the three jet plow advance rates. 

 
Table 5. Jet plow advance rate sensitivity evaluation results for BIWF. 

Cable Route 90 m/hr (300 ft/hr) 180 m/hr (600 ft/hr) 360 m/hr (1,200 ft/hr) 
 100 mg/L, 10 min duration km2 (acres) km2 (acres) km2 (acres) 

BIWF Inter-Array Cable 0.0 (0) 0.0 (0) 1.0 (0) 
BIWF Export Cable 0.4 (89) 0.4 (109) 0.5 (127) 

 1 mm depth sedimentation km2 (acres) km2 (acres) km2 (acres) 
BIWF Inter-Array Cable 0.3 (68) 0.3 (67) 0.3 (68) 

BIWF Export Cable 0.8 (191) 0.8 (193) 0.8 (189) 
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Figure 6-7.  Example instantaneous water column suspended sediment concentrations from the 
Export Cable jet plow operations at the BIWF (180 m/hr [600 ft/hr] advance rate). 
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Figure 6-8. Time integrated maximum excess (above ambient) water column suspended sediment 
concentrations from the jet plow operations between Block Island and the BIWF (180 m/hr [600 
ft/hr] advance rate). 
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Figure 6-9. Area and duration of model predicted suspended sediment concentrations from the jet 
plow operations between Block Island and the BIWF (180 m/hr [600 ft/hr] advance rate). 
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Figure 6-10. Deposition thicknesses resulting from the jet plow operations along the Export Cable 
route between Block Island and the BIWF (180 m/hr [600 ft/hr] advance rate). 
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Figure 6-11. Area of sediment deposit at different thicknesses from the jet plow operations along 
the Export Cable route between Block Island and the BIWF (180 m/hr [600 ft/hr] advance rate). 
 
 

6.2.3. BLOCK ISLAND COFFERDAM 
Suspended sediment concentrations predicted by the SSFATE model for the cofferdam refill at 
Block Island are presented in Figure 6-12 and Figure 6-13. 

Figure 6-12 presents the maximum concentrations predicted to occur at any time, location, or 
depth from the refill operations during the model simulation. The model results for this scenario 
indicated that the extent of excess water column concentrations were isolated relative close to 
the cofferdam. Concentrations exceeding 50 mg/L were limited to within about 50 m (160 ft) 
from the cofferdam, with higher concentrations  located closer to the point of release. 

Figure 6-13 provides the area of suspended sediment coverage for a range of concentration 
values with durations from 10 minutes to 24 hours hours resulting from this discharge.  For this 
scenario the model predicted that concentrations of 10 mg/L covered an area of 0.0045 km2 (1.1 
acres) for cumulative time of approximately 10 minutes. Similarly, the model predicted that a 
suspended sediment plume of 100 mg/L covered an area of less than 0.001 km2 (0.1 acres) for 
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a total time of no more than 10 minutes. Note that while the bar chart looks similar to those 
presented for the jet plow activity analyses along the BIWF route, the area coverages (vertical 
axis) are significantly smaller indicating the small size of the concentration areas. 

Bottom deposition thicknesses predicted by the SSFATE model for the cofferdam refill at Block 
Island are presented in Figure 6-14 and Figure 6-15. 

Figure 6-14 presents a map of the deposition resulting from this refill operation. Due to the weak 
tidal currents and the high percentage of sand in the region, the sediment tended to fall quickly 
to the seabed and did not travel far from the source. Transport occurred in all directions from the 
cofferdam due to the weak tidal currents and dispersion of the sediment in the nearfield, 
depositing in an ellipse with the primary axis along an east-west axis. Accumulations greater 
than 10 mm [0.4 in] were limited to within 15 m (50 ft) of the release point. Although some of the 
sediment did travel further away, accumulations of 1 mm (0.04 in) were predicted to reach only 
34 m (110 ft) away from the cofferdam. These results are a clear indication that the majority of 
the material was deposited in the excavated area as intended. 

Figure 6-15 presents the area affected by various thickness levels. Overall, there was less than 
0.001 km2 (0.1 acres) covered with thicknesses exceeding 10 mm (0.4 in) and 0.003 km2 (0.7 
acres) with more than 1 mm (0.04 in) of accumulation. 
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Figure 6-12. Time integrated maximum excess (above ambient) water column concentrations from 
the cofferdam refill operation at the Block Island site. 
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Figure 6-13. Area and duration of model predicted suspended sediment from the cofferdam refill 
operation at the Block Island site. 
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Figure 6-14. Deposition thicknesses from the cofferdam refill operation at the Block Island site. 
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Figure 6-15. Area of sediment deposit at different thicknesses from the cofferdam refill at Block 
Island. 
 

 



BIWF & BITS Sediment Transport Analysis May 23, 2012 
  

 
50 

7. BITS Application 
7.1. BITS SEDIMENT CHARACTERISTICS 
As described in Section 5, vibracores were taken in the study area to characterize the sediment 
type in the region. A sieve analysis was completed on samples from many of the vibracore 
locations providing information on the size of the sand fraction for each sample. Additionally, 
some of the samples were analyzed for the silt and clay fractions to give a comprehensive 
breakdown of the grain size distribution. Based on the available data, as well as additional 
ASTM and descriptive classifications given for each sample and pictures taken of each 
vibracore, an average distribution of sand, silt, and clay was determined for each vibracore 
location. These distributions are presented in Figure 7-1 for the two potential BITS routes.  
Along the two proposed routes, the nearshore areas were largely characterized by sand sized 
sediment. However, much of the offshore area contained large amounts of silts and clays. 
Overall there was a wide variability in the distributions along the two routes, although the data 
suggested that at any individual point the sediment was typically relatively uniform between the 
surface and the depth of the cable burial. 

7.2. BITS SEDIMENT DISPERSION MODELING RESULTS 
The SSFATE sediment transport and dispersion model was applied to the two cable routes 
(Table 6) and the cofferdams as described in detail in Section 5.2 above.  As noted, due to the 
uncertainty of the final jet plow advance rate, a sensitivity of the impacts to three different rates 
was performed. The base case jet plow advance rate of 180 m/hr (600 ft/hr) will be described in 
detail here but the additional sensitivity simulations of 90 m/hr (300 ft/hr) and 360 m/hr (1,200 
ft/hr) are presented in Appendix 2 for clarity. A comparison between the three sets of 
simulations is presented at the end of this section. 

 

Table 6. Distance and surface area of BITS alternative cable routes. 

Section 
Approximate 

Distance of Cable 
Route 

Covered Surface Area 
(assuming 1.5 m [5 ft] 

trench width) 
BITS Alternative 1 33.2 km (20.6 mi) 50,000 m2 (12.5 acres) 
BITS Alternative 2 40.0 km (24.9 mi) 61,000 m2 (15.1 acres) 

 
Each of the two cable route jet plowing operations and the two cofferdam refill operations were 
evaluated individually to determine the resuspended sediment concentration in the water 
column and the deposition pattern and dimensions, spread and thickness, on the bottom.  The 
total surface area of the jet plow trench, based on the assumed trench shape, is also presented 
in Table 6. 
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Figure 7-1. Sediment distribution along the BITS Alternative 1 and BITS Alternative 2 cable routes 
as used in SSFATE. 
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7.2.1. BITS ALTERNATIVE 1 
Suspended sediment concentrations predicted by the SSFATE model for the jet plow simulation 
of BITS Alternative 1 moving at an advance rate of 180 m/hr (600 ft/hr) are presented in Figure 
7-2, Figure 7-3 and Figure 7-4. 

Figure 7-2 shows an example instantaneous water column suspended sediment concentration 
plot for the BITS Alternative 1 jet plow operations at the BIWF for the 180 m/hr (600 ft/hr) 
advance rate. The area coverage is small and centralized about the jet plow operations at that 
instant in time and is representative of the pattern seen throughout the simulation.  

Figure 7-3 presents the time integrated maximum concentrations predicted to occur during 
cable jetting at any time and any location along the entire cable route during the simulation. It is 
important to understand that the figure does not display the predicted concentrations at any one 
time but shows a time integrated view. The model results for this scenario indicated that the 
extent of excess water column concentrations were spatially variable, dependent on both the 
current velocities and sediment type. In areas where the plume extends furthest away, such as 
in the middle of Rhode Island Sound, the local sediments were typically high in the proportion of 
clay and silt fractions. Regions with concentrations that were both lower in magnitude and 
extended less far from the jet plow route typically contained much more coarse grained 
sediments which fell quickly to the seafloor and thus did not result in the formation of large 
plumes. While the extents of such plumes were highly spatially and temporally variable, the 10 
mg/L, 200 mg/L, and 500 mg/L contours were limited to within about 2,250 m, 350 m, and 300 
m (7,400 ft,  1,100 ft and 1,000 ft) from the source. Particularly for the higher concentrations (>= 
200 mg/L), these concentrations were typically short lived in duration.  

Figure 7-4 provides the area of suspended sediment for a range of excess suspended sediment 
concentration values with durations from 10 minutes to 24 hours hours resulting from jetting of 
the trench along the BITS Alternative 1 cable route.  This figure provides the duration and extent 
of plumes throughout the period of jet plowing – indicating that for higher concentrations there 
are smaller areas affected and shorter lived plume durations. Note however, that the “duration” 
presented in the plot is cumulative and therefore an area coverage at a given concentration 
level does not necessarily persist for the entire given “duration”. Rather the “duration” is a sum 
of the times during the entire simulation that an given size area is covered by a given 
concentration, anywhere in the study domain. 

For the BITS Alternative 1 scenario the model predicted that concentrations of 10 mg/L covered 
an area of 33 km2 (8,180 acres) for a cumulative duration of approximately 10 total minutes. 
Water column concentrations resulting from the jet plow activity in this area dissipated to below 
10 mg/L within about 12 hours. Similarly,  the model predicted that a suspended sediment 
concentration of 100 mg/L covered an area of 6.5 km2 (1,590 acres) for a total time of 
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approximately 10 minutes, but the 100 mg/L concentration dissipated from the water column in 
less than an hour. 

Bottom deposition thicknesses predicted by the SSFATE model for the the cable burial for BITS 
Alternative 1 are presented in Figure 7-5 and Figure 7-6. Figure 7-5 presents a map of the grid-
averaged sediment redeposition resulting from the jet plow operations along this route. The 
model predicted a narrow corridor where thicknesses exceeded 10 mm (0.4 in) directly adjacent 
to the trench.  These thick accumulations tend to occur only in regions where the dominant 
sediment type is sand. In the other regions, average thicknesses are lower because silt and 
clays tend to be dispersed over a larger area and accumulate at lower thicknesses. However, 
throughout the entire length of the plow, accumulations exceeding 1 mm (0.04 in) are limited to 
within about 100 m (330 ft) of the plow route. Figure 7-6 provides the area affected by various 
thickness levels. Overall, there are 0.35 km2 (87 acres) covered with thicknesses exceeding 10 
mm (0.4 in) and 3.4 km2 (835 acres) with more than 1 mm (0.04 in) of accumulation. 
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Figure 7-2.  Example instantaneous water column suspended sediment concentrations from the 
Alternative 1 jet plow operations along the BITS route (180 m/hr [600 ft/hr] advance rate). 
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Figure 7-3. Maximum excess (above ambient) water column suspended sediment concentrations 
from the BITS Alternative 1 jet plow operations (180 m/hr [600 ft/hr] advance rate). 
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Figure 7-4. Area and duration of model predicted suspended sediment concentrations from the 
BITS Alternative 1 jet plowing operations (180 m/hr [600 ft/hr] advance rate). 
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Figure 7-5. Deposition thicknesses resulting from the BITS Alternative 1 jet plow (180 m/hr [600 
ft/hr] advance rate). 
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Figure 7-6. Area of sediment deposit at different thicknesses from the BITS  Alternative 1 jet plow 
(180 m/hr [600 ft/hr] advance rate). 
 

7.2.2. BITS ALTERNATIVE 2 
Suspended sediment concentrations predicted by the SSFATE model for the jet plow simulation 
of BITS Alternative 2 moving at an advance rate of 180 m/hr (600 ft/hr) are presented Figure 7-7 
and Figure 7-8. 

Figure 7-7 presents the presents the time integrated maximum concentrations predicted to 
occur during cable jetting at any time and any location along the entire cable route during the 
simulation. It is important to understand that the figure does not display the predicted 
concentrations at any one time but shows a time integrated view. The model results for this 
scenario indicated that the extent of excess water column concentrations were highly spatially 
variable, dependent on both the current velocities and sediment type. In areas where the plume 
extended furthest away, such as in the middle of Rhode Island Sound, the local sediments were 
typically high in the proportion of clay and silt present. Regions with concentrations that were 
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both lower in magnitude and extended less far from the jet plow route typically contained much 
more coarse grained sediments which deposit quickly on the seafloor and thus did not result in 
the formation of large plumes. While the extents of such plumes were highly spatially and 
temporally variable, the 10 mg/L, 200 mg/L, and 500 mg/L contours were limited to within about 
2,250 m, 350 m, and 300 m (7,400 ft,  1,100 ft and 1,000 ft)from the source. Particularly for the 
higher concentrations (>= 200 mg/L), these concentrations were typically short lived in duration.  

Figure 7-8 provides the area of suspended sediment for a range of excess suspended sediment 
concentration values with durations from 10 minutes to 24 hours hours resulting from jetting of 
the trench along the BITS Alternative 2 cable route.  For this scenario the model predicted that 
concentrations of 10 mg/L covered an area of 36 km2 (8,990 acres) for approximately 10 
minutes total over the simulation time period. Similarly, the model predicted that a suspended 
sediment concentration of 100 mg/L covered an area of about 7 km2 (1,770 acres) for a total 
cummulative time of approximately 10 minutes. 

Bottom deposition thicknesses predicted by the SSFATE model for the the cable burial for BITS 
Alternative 2 are presented in Figure 7-9 and Figure 7-10.  

Figure 7-9 presents a map of the deposition resulting from the jet plow operations along the 
BITS Alternative 2  route. The model indicated that there was often a thin corridor where 
thicknesses exceeded 10 mm (0.04 in) directly adjacent to the trench.  These thick 
accumulations tended to occur only in regions where the dominant sediment type was sand. In 
the other regions, average thicknesses were lower because silt and clays tended to be 
dispersed over a larger area and accumulated at lower thicknesses. However, throughout the 
entire length of the plow, accumulations exceeding 1 mm (0.04 in) were limited to within about 
100 m (330 ft) of the plow route. 

Figure 7-10 provides the area affected by various thickness levels. Overall, there were 0.46 km2 
(114 acres) covered with thicknesses exceeding 10 mm (0.4 in) and 4 km2 (998 acres) with 
more than 1 mm (0.04 in) of accumulation. 
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Figure 7-7. Maximum excess (above ambient) water column concentrations from the BITS 
Alternative 2 jet plow (180 m/hr [600 ft/hr] advance rate). 
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Figure 7-8. Area and duration of model predicted suspended sediment from the BITS Alternative 2 
jet plow (180 m/hr [600 ft/hr] advance rate). 
 



BIWF & BITS Sediment Transport Analysis May 23, 2012 
  

 
62 

 
Figure 7-9. Deposition thicknesses resulting from the BITS Alternative 2 jet plow (180 m/hr [600 
ft/hr] advance rate). 
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Figure 7-10. Area of sediment deposit at different thicknesses from the BITS Alternative 2 jet plow 
(180 m/hr [600 ft/hr] advance rate). 
 
 

Table 7 presents the results of the sensitivity study of the jet plow advance rate on the water 
column suspended sediment concentrations and deposition thickness.  The three advance rates 
of 90 m/hr (300 ft/hr), 180 m/hr (600 ft/hr) and 360 m/hr (1,200 ft/hr) are presented for 
comparison.  The water column concentration was evaluated in terms of maximum area 
coverage for concentrations greater than 100 mg/l with a cumulative duration of 10 minutes. 
Similarly the deposition footprint, area coverage, was evaluated for a deposition thickness of 
1mm (0.04 in) or greater.  

The water column concentration characteristics vary slightly for the three jet plow advance 
rates. The 100 mg/L areas increased with increasing advance rates. This was true for both the 
Alternative 1 and Alternative 2 routes, but the Alternative 2 route had an overall larger area 
impact than the Alternative 1 route due to its greater overall length. The total area covered by a 
deposition thickness of 1mm (0.04 in) was not significantly affected by the advance rate 
however. 
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Table 7. Jet plow advance rate sensitivity evaluation results for BITS. 

Cable Route 90 m/hr (300 ft/hr) 180 m/hr (600 ft/hr) 360 m/hr (1,200 ft/hr) 
 100 mg/L, 10 min duration km2 (acres) km2 (acres) km2 (acres) 

BITS Alternative 1 5.0 (1230) 6.4 (1590) 7.9 (1960) 
BITS Alternative 2 5.7 (1420) 7.2 (1770) 8.9 (2200) 

 1 mm depth sedimentation km2 (acres) km2 (acres) km2 (acres) 
BITS Alternative 1 3.4 (843) 3.4 (835) 3.4 (838) 
BITS Alternative 2 4.0 (998) 4.0 (998) 4.1 (1013) 

 

7.2.3. NARRAGANSETT AND URI BAY CAMPUS COFFERDAMS 
Suspended sediment concentrations predicted by the SSFATE model for the cofferdam refill at 
the termination of BITS Alternative 1 (Narragansett) are presented in Figure 7-11 and Figure 
7-12. 

Figure 7-11 presents the maximum concentrations predicted to occur at any time, location, or 
depth from the sediment release. The model results for this scenario indicated that the extent of 
excess water column concentrations were isolated relative close to the discharge location. 
Concentrations exceeding 50 mg/L were limited to within about 175 m (575 ft) distance from the 
source, with higher concentrations  subsequently located closer to the point of release. 
Throughout the entire simulation, 200 mg/L concentrations were not observed at a distance 
greater than 45 m (150 ft) from the release point and concentrations exceeding 500 mg/L are 
predicted only within 25 m (80 ft) from the release point. 

Figure 7-12 provides the area of suspended sediment for a range of concentration values with 
durations from 10 minutes to 24 hours hours resulting from this discharge.  For the BITS 
Alternative 1 cofferdam scenario at Narragansett Beach the model predicted that concentrations 
of 10 mg/L covered an area of 0.03 km2 (8 acres) for at a cumulative time of approximately 10 
minutes. A plume resulting from the cofferdam activity at this location occured for the entire 4 
hours of the sediment release. Similarly,  the model predicted that a suspended sediment 
concentration of 100 mg/L  covered an area 0.005 km2 (1.4 acres) for a cumulative duration of 
approximately 10 minutes. Note that while the bar chart looks similar to those presented for the 
jet plow activity analyses along the BITS routes, the area coverages (vertical axis) are 
significantly smaller indicating the small size of the concentration areas. 
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Figure 7-11. Maximum excess (above ambient) water column concentrations from the cofferdam 
refill at Narragansett (termination of BITS Alternative 1). 
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Figure 7-12. Area and duration of model predicted suspended sediment from the cofferdam refill 
at Narragansett (termination of BITS Alternative 1). 
 
 

Bottom deposition thicknesses predicted by the SSFATE model for the cofferdam refill at the 
termination of BITS Alternative 1 (Narragansett) are presented in Figure 7-13 and Figure 7-14.  

Figure 7-13 presents a map of the deposition resulting from this sediment release. At this 
location there was a relatively large proportion of fine grained sediments and thus not all of the 
sediment settles quickly to the seabed. For this reason,  thick accumulations (>= 10 mm) 
extended slightly further from the source, up to 33 m (100 ft) away. Similarly, accumulations of 1 
mm (0.04 in)  extend up to 58 m (190 ft) away. 

Figure 7-14 provides the area affected by various thickness levels. Overall, there were  0.003 
km2 (0.7 acres) covered with thicknesses exceeding 10 mm (0.4 ft) and 0.009 km2 (2.2 acres) 
with more than 1 mm (0.04 ft) of accumulation. 
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Figure 7-13. Deposition thicknesses from the cofferdam refill at Narragansett (termination of BITS 
Alternative 1). 
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Figure 7-14. Area of sediment deposit at different thicknesses from the cofferdam refill at 
Narragansett (termination of BITS Alternative 1). 
 
Suspended sediment concentrations predicted by the SSFATE model for the cofferdam refill at 
the termination of BITS Alternative 2 (URI Bay Campus) are presented in Figure 7-15 and 
Figure 7-16. 

Figure 7-15 presents the maximum concentrations predicted to occur at any time, location, or 
depth from the sediment release. The model results for this scenario indicated that the excess 
water column concentrations extended farther from the source than the other cofferdam areas, 
primarily due to strong tidal currents in the area. Concentrations exceeding 10 mg/L are 
contained within 100 m (330 ft) away from the source, and it is not anticipated that 
concentrations exceeding 100 mg/L would occur outside of the nearfield plume (within meters of 
the release point).  

Figure 7-16 provides the area of suspended sediment for a range of concentration values with 
durations from 10 minutes to 24 hours resulting from this discharge.  For the URI Bay Campus 
cofferdam scenario the model predicted that concentrations of 10 mg/L covered an area of 
<0.01 km2 (1.2 acres) for a cumulative time of approximately 10 minutes.  
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Figure 7-15. Maximum excess (above ambient) water column concentrations from the cofferdam 
refill at the URI Bay Campus (termination of BITS Alternative 2). 
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Figure 7-16. Area and duration of model predicted suspended sediment from the cofferdam refill 
at the URI Bay Campus (termination of BITS Alternative 2). 
 

Bottom deposition thicknesses predicted by the SSFATE model for the cofferdam refill at the 
termination of BITS Alternative 2 (URI Bay Campus) are presented in Figure 7-17 and Figure 
7-18. Figure 7-17 presents a map of the deposition resulting from this sediment release. Due to 
high percentage of sand in the region, the sediment here tended to fall quickly to the seabed.  
Accumulations >= 10 mm [0.4 in] were limited to within 12 meters (40 ft) of the release point, 
although accumulations of 1 mm (0.04 in) or greater were predicted to reach up to 40 m (130 ft) 
away.  The deposition pattern in this area was predicted to be a roughly circular shape with 
small tidally induced offset in the north-south direction. 

Figure 7-18 provides the area affected by various thickness levels. Overall, there were < 0.001 
km2 (0.1 acres) covered with thicknesses exceeding 10 mm (0.4 ft) and 0.0016 km2 (0.4 acres) 
with more than 1 mm (0.04 ft) of accumulation. 
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Figure 7-17. Deposition thicknesses from the cofferdam refill at the URI Bay Campus (termination 
of BITS Alternative 2). 
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Figure 7-18. Area of sediment deposit at different thicknesses from the cofferdam refill at the URI 
Bay Campus (termination of BITS Alternative 2). 
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8. Summary and Conclusions 
8.1. BIWF SUMMARY AND CONCLUSIONS 
The results of the sediment dispersion modeling study indicated that the water column 
concentration and the deposition patterns were most heavily influenced by localized current 
velocities and the properties of the trench sediments disturbed during the jet plow operations. 
The dimensions of the trench, the advance rate and the loss rate to the water column, which 
specify the total amount of sediments resuspended was also important, but the response was 
short lived for all but the finest grain sizes (silts and clays).  

The Inter-Array area sediments proved to be almost entirely coarse sands and gravels based on 
vibracore data collected along the cable route. In regions with large grain sizes resuspended 
from the jet plow operations the sediments quickly dropped back to the sea floor keeping 
concentrations low, elevated above ambient background concentrations only within a few 
meters of the jet plow, and the deposition area was likewise small.  Concentrations did not 
exceed 100 mg/L, decreased to 10 mg/L or less within an hour, and were confined to an area 
within 50 m (160 ft) of the Inter-Array route. Maximum concentrations decreased, although the 
duration of elevated concentrations increased, for the slower 90 m/hr (300 ft/hr) jet plow 
advance rate. Conversely, the faster 360 m/hr (1,200 ft/hr) advance rate resulted in 
concentrations exceeding 100 mg/L, but such plumes dissipated in less than 10 minutes. The 
deposition footprint for the area was consequently minimal outside of the track due to the quick 
settling of the coarse sediments.  

The sediment grain size distribution along the Export Cable route was more variable than the 
Inter-Array, including areas with a large proportion of clay and silt. When these sediments were 
re-suspended they settled out more slowly than sand, resulting in a larger region affected by 
increased water column concentrations in those areas. While the majority of the route was 
sandy and sediments settled quickly, in the clay/silt areas maximum concentrations reached 
500 mg/L and extended up to 200 m (650 ft) away from the jet plow track. In these same areas 
TSS concentrations of 10 mg/L reached up to 1,000 m (3,300 ft) from the jet plow.  Plumes with 
higher concentrations (>200 mg/L) areas persisted for less than 10 cumulative minutes, 
although lower concentration plumes (10 mg/L) were experienced for up to 2 hours. The 
deposition footprint for these areas was also somewhat larger than for the sandy areas, with 
very thin layers (<1 mm) extending more than 100 m from the jet plow track, but thicknesses 
greater than  1 mm (0.04 in) were confined to within 75 m (250 ft) of the jet plow track. While 
minor differences in the results were apparent, the variation of the advance rate did not 
significantly influence predicted water column concentrations or deposition footprints and 
thicknesses.  
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The operations generating suspended sediments at the cofferdam were significantly different 
from jet plowing along the cable routes. The sediment source was assumed to be at the surface 
since the refilling material entered the water column there, located at a single point within the 
cofferdam enclosed area and continuously released over a 4-hour period. The sediments at the 
cofferdam site were sandy and therefore the material settled relatively rapidly to the bottom, so 
while concentrations exceeded 100 mg/L, plumes at that concentration dissipated quickly (10 or 
less minutes). Similarly, due to large grain size material in the area, the 1 mm (0.04 in) 
deposition footprint was not predicted to extend further than 50 m (160 ft) from the source.  

Overall, the sediments at the BIWF routes were coarse grain sand that resulted in a relatively 
small affected area from the jet plow cable embedment activities. Elevated suspended sediment 
concentrations were contained in areas near the cable route and deposition footprints were 
small, as the majority of the sediments settled out rapidly. There was also little variation in the 
concentration or sedimentation footprint seen between the three jet plow advance rates 
evaluated.  

8.2. BITS SUMMARY AND CONCLUSIONS 
The results of the sediment dispersion modeling study indicated that the water column 
concentration and the sediment deposition patterns were most heavily influenced by localized 
current velocities and the properties of the trench sediments disturbed during the jet plow 
operations. The dimensions of the trench, the advance rate and the loss rate to the water 
column, specified the total amount of sediments re-suspended, but the response was short lived 
for all but the finest grade sediments (silts and clays).  

BITS routes Alternative 1 and Alternative 2 are identical running from Block Island, until the area 
offshore of Narragansett Town Beach at which point BITS Alternative 1 travels directly to shore, 
making landfall at Narragansett Pier, while BITS Alternative 2 heads up the Bay to the URI Bay 
Campus area. Vibracore sediment data collected along the two BITS routes showed that while 
the nearshore areas were mostly characterized by sand, many regions along the jet plow paths 
contained a considerable amount of fine grained sediment material that included sands, silts 
and clays in varying proportions. In regions with large clast sizes sediments re-suspended from 
the jet plow operations quickly dropped back to the sea floor keeping concentrations low, 
elevated above ambient background concentrations only within a few meters of the jet plow, and 
the deposition area small. This was true in the URI Bay Campus nearshore area at the end of 
Alternative 2, where concentrations were predicted not to exceed 100mg/L, decreased to 
10mg/L or less within an hour, and were confined to an area within 50 m (160 ft) of the route.  

The sediment characteristics in the nearshore of Narragansett Pier, although sandier than the 
offshore areas, had a greater mix of sand, silt and clay relative to the BITS Alternative 2 landfall, 
and correspondingly higher water column concentrations and longer durations of plumes were 
predicted from the model. Concentrations reached levels of 500 mg/L but were short lived and 
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persist for approximately 10 minutes or less. Concentrations in the range of 200 mg/L or more 
were not expected to be experienced for longer than about 1 hour, while the lowest 
concentrations, in the 10 mg/L range may be experienced for several hours. 

In the offshore areas of Rhode Island Sound, between Block Island and the mainland, the mix of 
sediments contained more clay and silt, meaning that the sediments that were re-suspended 
settle more slowly, remained in the water column for greater periods, and as a result were 
transported farther from the source. While low level concentrations of 10 mg/L were predicted to 
extend a distances in the approximately 2,000m (6,500 ft) range from the source, 
concentrations greater than 200 mg/L were not predicted to extend farther than a few hundred 
meters from the jet plow track and were short lived. Concentrations reach 500 mg/L but are 
experienced only for very short durations, cumulatively, of 10 minutes or less.  The 
sedimentation footprint of 1mm (0.04 in) or greater thickness however, was predicted to remain 
within 100m (330 ft) of the jet plow track over the entire length of both potential BITS tracks. 

The water column concentration characteristics vary for the three jet plow advance rates. The 
lower concentrations appeared to extend over a larger area in total for the slower advance rate 
of 90 m/hr (300 ft/hr), but when the plow moved at this lower speed, higher concentrations were 
predicted over a smaller total area. This was true for both the Alternative 1 and Alternative 2 
routes, but the Alternative 2 route had an overall larger area impact than the Alternative 1 route 
due to its greater overall length. The total area covered by a deposition thickness of 1 mm (0.04 
in) was not significantly affected by the advance rate. 

The conditions creating suspended sediments at the cofferdam were significantly different than 
those investigated for the jet plow routes. The source was assumed to be at the surface, at a 
single point and continuous over a 4 hour period. The sediments at the Block Island cofferdam 
site were sandy and therefore the material settled relatively rapidly to the bottom, so while 
concentrations exceeded 100 mg/L, plumes of such a concentration were predicted to dissipate 
quickly (10 minutes or less). Similarly, due to coarse clastic material in the area, the 1mm (0.04 
in) deposition footprint was not predicted to extend further than 50m (160 ft) from the source. 
There was however a difference between both the behavior of the Block Island and mainland 
cofferdam sites, as well as the between the Alternative 1 and Alternative 2 cofferdam sites. The 
Alternative 1 cofferdam location was characterized by a mix of sand, silt and clay and the 
resulting water column concentrations covered a larger area reflecting the increase in the 
proportion of fine grained sediments. Concentrations in excess of 500 mg/L were experienced, 
however only briefly, but the dispersion of the concentration covered a larger area than that 
predicted at the Block Island cofferdam and consequently the deposition area was also greater. 
The pattern at the Alternative 2 cofferdam was quite different than Alternative 1, showing 
smaller concentration area coverage and sedimentation footprints.  The TSS concentrations 
were much lower at this site than the Alternative 1 site and extended over a smaller area 
reflecting the coarser grained sediments.  
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There was very little difference between the water column and deposition results along the BITS 
Alternative 1 and Alternative 2 routes. The routes are identical between Block Island and an 
area offshore of Narragansett Beach where they split. Although tidal currents and sediment 
characterizations differed along the northernmost portions of the two potential paths, in both 
cases elevated water column concentrations and the distance from the source affected by 
deposited sediments were relatively similar. The primary differences were at the northern, 
mainland terminus of the two alternatives, where differences in the bottom sediment mix 
compounded with variability in the current speed and directionality between the two sites 
resulted in differing trends near these termini.  

In review of the data acquired and the modeling analyses performed based on that data it can 
be determined that the majority of sediments along the BIWF and BITS routes were coarse 
grain sand, particularly in the near shore areas, that resulted in a relatively small affected area 
from the jet plow cable embedment activities. Elevated suspended sediment concentrations 
were contained in areas near the cable route and deposition footprints were small, as the 
majority of the sediments settled out rapidly. In areas where smaller grained sediments were 
found, primarily along the BITS route through Rhode Island Sound, the effects of the 
resuspended sediments were more distributed, but higher water column concentrations 
remained close to the cable routes, were short lived and relatively far from shore. In addition, 
the deposition footprints remained very close to the cable routes for all but the thinnest of layers.  
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Appendix 1 – BIWF Jet Plow Advance Rate 
Sensitivity Cases 
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Figure 1 Block Island Wind Farm transmission cable routes 
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 Figure 2 Vibracore sample location along the transmission cable routes 
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Figure 3 Grain size distribution analysis results at each Vibracore sample location along 
the transmission cable routes  
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Scenario 8. BIWF Inter Array with jet plow advance rate of 300’/hr 
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Scenario 9. BIWF Inter Array with jet plow advance rate of 1,200’/hr 
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Scenario 10. BIWF Transmission with jet plow advance rate of 300’/hr 
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Scenario 11. BIWF Transmission with jet plow advance rate of 1,200’/hr 
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Appendix 2 – BITS Jet Plow Advance Rate 
Sensitivity Cases 
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Scenario 12. BITS ALT1 with jet plow advance rate of 300’/hr 
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Scenario 13. BITS ALT1 with jet plow advance rate of 1,200’/hr 
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Scenario 14. BITS ALT2 with jet plow advance rate of 300’/hr 
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Scenario 15. BITS ALT2 with jet plow advance rate of 1,200’/hr 
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