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EXECUTIVE SUMMARY 
 

A monitoring survey was conducted in September 2020 at the Cape Arundel Disposal 
Site (CADS) (the site) as part of the Disposal Area Monitoring System (DAMOS) Program. 
The 2020 survey consisted of a hydroacoustic (multibeam bathymetry, side scan sonar, and 
backscatter) survey, sediment grab sampling, and an underwater video survey at locations in 
CADS and in the associated reference areas.  

 
After a period of temporary closure as an alternative dredged material disposal site, 

CADS was reopened by Congressional action in 2014 for a period of five years which was 
then extended until 31 December 2021 by America’s Water Infrastructure Act of 2018. Since 
reopening in 2014, approximately 69,167 cubic meters (m3) (90,468 cubic yards [yd3]) of 
dredged material has been placed at the site.  

 
The multibeam bathymetric survey was conducted over a 500-meter (m) x 500 m area 

that covered the entire site and over two 300 m x 300 m areas that covered each of the two 
reference areas. The results of the 2020 acoustic survey were used to characterize the 
seafloor topography and surficial features over the site and reference areas. The bathymetric 
data indicated that the seafloor within CADS displayed an irregular topography, with areas of 
rocky outcrops interspersed with uniform, soft sediment basins. Depth difference calculations 
performed between the previous survey in 2013 and the 2020 bathymetric data identified the 
formation of a 175 m wide dredged material disposal mound in the northeastern corner of the 
site which rises approximately 1.6 m above the ambient seafloor.  

 
Results of the sediment grab sampling survey were used to assess benthic community 

recovery and to evaluate sediment quality at CADS by comparing the site concentrations to 
reference area concentrations and regional sediment quality guidelines (SQGs) (NOAA 
Effects Range Low [ER-L] and Effects Range Median [ER-M]). Sediment grabs were 
collected from six locations within the active portion of CADS and from six locations within 
the reference areas. The sediment grab samples were analyzed for grain size, total organic 
carbon (TOC), polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), 
pesticides, total metals, and benthic community structure. Surficial grain size results were 
consistent across the site and reference areas; samples were composed of a mix of silt and 
sand with trace gravel at some stations. Chemical analyses of the sediment showed generally 
low levels for all analytes at the site and reference areas with concentrations below or only 
slightly above the ER-L at all stations.  The benthic community at CADS was dominated by 
species assigned to the subsurface deposit feeding trophic guild and showed resulting 
abundances which indicate a community trending toward a state of recovery. The underwater 
video survey results provided additional correlating information about the seafloor and 
epifauna within the site and the WREF reference area.  

 
The September 2020 monitoring survey provided an assessment of seafloor 

topography, sediment quality, and benthic recovery at CADS after the placement of 
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approximately 70,000 m3 of dredged material since the last survey in 2013. Based on the 
results of the hydroacoustic survey and sediment grab sampling, recent dredged material 
deposits at CADS are limited to the northeast corner of the site, with sediment quality and 
benthic conditions that are comparable to the reference areas. These results, and the expected 
closure of the site in December 2021, indicate that the management strategy at CADS can 
shift to a long-term monitoring program to ensure that the site remains stable and continues 
to progress towards full benthic recovery after closure.
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Monitoring Survey at the Cape Arundel Disposal Site (CADS) September 2020

1.0 INTRODUCTION  

A monitoring survey was conducted at the Cape Arundel Disposal Site (CADS) (the 
site) in September 2020 as part of the United States Army Corps of Engineers (USACE) 
New England District (NAE) Disposal Area Monitoring System (DAMOS) Program. 
DAMOS is a comprehensive monitoring and management program designed and conducted 
to address environmental concerns surrounding the placement of dredged material at aquatic 
disposal sites throughout the New England region. An introduction to the DAMOS Program 
and CADS, including a brief description of previous dredged material disposal and site 
monitoring activities, is provided below, along with a description of the study objectives for 
the 2020 monitoring survey. 

The remainder of this report includes an overview of the methods used to collect and 
analyze the survey data, a summary of the results, a discussion of the 2020 survey results in 
comparison to previous findings, conclusions and recommendations for future site 
management and monitoring, and a list of references cited in the document. 

1.1 Overview of the DAMOS Program 

The DAMOS program features a tiered management protocol designed to ensure that 
any potential adverse environmental impacts associated with dredged material disposal are 
promptly identified and addressed (Germano et al. 1994). For over 40 years, the DAMOS 
Program has collected and evaluated dredged material disposal site data throughout New 
England. Based on these data, patterns of physical, chemical, and biological responses of 
seafloor environments to dredged material placement activity have been documented 
(Fredette and French 2004).  

DAMOS monitoring surveys fall into two general categories: confirmatory studies 
and focused studies. The data collected and evaluated during these studies provide answers to 
strategic questions in determining next steps in the disposal site management process. 
DAMOS monitoring results guide the management of disposal activities at existing sites, 
support planning for use of future sites, and evaluate the long-term status of historical sites 
(Wolf et al. 2012). 

Confirmatory studies are designed to test hypotheses related to expected physical and 
ecological response patterns following placement of dredged material on the seafloor at 
established, active disposal sites. Several survey techniques are employed in order to 
characterize dredged material placement. Sequential acoustic monitoring surveys (including 
bathymetric and acoustic backscatter measurements and side-scan sonar) are made to 
characterize the height and spread of discrete dredged material deposits or mounds created at 
open water sites as well as the accumulation/consolidation of dredged material into confined 
aquatic disposal cells. Sediment-profile imaging (SPI) and plan-view (PV) imaging surveys 
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are often included in confirmatory surveys to provide further physical characterization of the 
material and to support evaluation of seafloor (benthic) habitat and recovery over time. 

Focused studies are periodically undertaken within the DAMOS Program to evaluate 
candidate sites, for baseline surveys at new sites, to evaluate inactive/historical disposal sites, 
and to contribute to the development of dredged material placement, capping techniques, and 
management planning. Focused DAMOS monitoring surveys often feature additional types 
of data collection activities as deemed appropriate to achieve specific survey objectives, such 
as grab sampling of sediment for chemical, physical, and biological analysis, sub-bottom 
profiling, sediment coring, towed video, or video collection via a remotely operated vehicle 
(ROV).  

The survey discussed herein included elements of both a confirmatory survey and a 
focused study. The confirmatory survey employed the use of hydroacoustic survey 
techniques to monitor the distribution of recently placed dredged material. A focused 
sediment grab sampling survey was conducted to gain information on the chemical 
composition and benthic community structure of newly placed dredged material at the site. In 
addition, a towed video survey was conducted to provide qualitative information about the 
seafloor habitat within the site and reference areas. 

1.2 Introduction to the Cape Arundel Disposal Site 

CADS is located approximately 5.0 kilometers (km) (2.7 nautical miles [nmi]) south-
southeast of Cape Arundel, Maine and is defined as a 457-meter (m) (1,500-foot [ft]) 
diameter circle, centered at 43° 17.805' N, 70° 27.170' W in the North American Datum of 
1983 (NAD 83) (Figure 1-1). 

In 1985 CADS was first selected as an alternative dredged material disposal site by 
USACE under Section 103(b) of the Marine Protection, Research, and Sanctuaries Act 
(MPRSA); although some records indicate that the site may have received dredged material 
as early as the 1930s (USEPA, 2019). The site received periodic use during this selection 
period (1985 – 2010) when approximately 864,000 cubic meters (m3) (1,130,000 cubic yards 
[yd3]) of dredged material was placed primarily within the central portion of the site. 
Through Congressional legislation (Public Law 113-76) the site was reopened in 2014 for a 
period of five years which was then extended until 31 December 2021 by America’s Water 
Infrastructure Act of 2018 (Public Law 115-270). 

Water depths within CADS range from 30 m (98 ft) to 42 m (138 ft) and the topography is 
complex with areas of steep slope changes and rocky ledges. A defining 1,000 m (3,281 ft) 
long by 50 to 250 m (164 to 820 ft) wide trough runs through the central portion of the site, 
which increases in depth towards the northern and southern site boundaries and decreases in 
depth toward the western and southeastern site boundaries (USEPA, 2019). Results of 
previous acoustic surveys have described hard rock outcrops and ridges in the shallower areas 
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that border the trough and the presence of relatively soft sediment within the deeper basins of 
the trough (SAIC, 1991).  

1.3 Previous Surveys at CADS 

A summary of monitoring surveys at CADS is presented in Table 1-1. Most recently, 
in August of 2013, the DAMOS Program conducted a combined confirmatory and focused 
survey of the site. Although CADS was closed at the time of the survey, the site was active 
until 2010 and was being considered for potential reopening. The 2013 survey included a 
hydroacoustic survey to characterize the seafloor topography and a SPI/PV imaging survey 
to characterize the surficial features and to assess benthic recovery. In addition, a 
reconnaissance survey was conducted to characterize the seafloor conditions of an area to the 
east of CADS for potential disposal site consideration and to assess areas near the existing 
site with SPI/PV for use as potential reference areas.  

Bathymetric survey data collected within CADS in 2013 yielded depths that ranged 
from 30 to 50 m (98 to 164 ft) within the site, with areas of steep slopes and rocky ledges 
(Figure 1-2). The expanded survey area to the east of CADS displayed similar depth ranges 
and topography as the site. A depth difference analysis was conducted using the 1997 and 
2013 bathymetric surveys which revealed evidence of 0.5 to 1.5 m (1.6 to 5.0 ft) of dredged 
material accumulation primarily in the deeper, soft-bottom area surrounding the rocky 
outcrops near the center of the site (Hickey et al. 2014). 

Acoustic backscatter data estimated the sediment texture throughout the site to be 
harder surfaces (rock) in the shallower areas and softer sediments in the deeper areas along 
the central trough. Evidence of dredged material placement in the acoustic backscatter data 
confirmed placement in the deeper, soft sediment areas of the site. Filtered backscatter and 
side-scan sonar mosaics confirmed the patterns of shallower/rocky and deeper/soft sediment 
surfaces throughout the site.  

The 2013 SPI/PV survey was conducted to assess the physical features of the surficial 
sediment and the status of benthic recolonization within the disposal site. Two proposed 
reference areas, EREF and WREF (initially referred to as NREF), and the expanded 
hydroacoustic study area were also included in the 2013 SPI/PV effort. Due to the hard-
bottom nature of much of the study area, camera penetration was variable and/or not 
achieved at some locations, resulting in many indeterminate results, though successful 
images indicated a recovered benthic community throughout the study area (Hickey et al. 
2014). 

1.4 Recent Dredged Material Disposal Activity 

Since Congressional legislation reopened the site in 2014, CADS has received 69,167 
m3 (90,468 yd3) of dredged material from the York Harbor Federal Navigation Project 
(FNP), Cape Porpoise FNP, and several non-federal dredging projects in southern Maine 
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(Table 1-2). Dredged material was placed in a directed manner on the seafloor, primarily in 
the deep trough in the northeastern quadrant of the site. A summary of recent disposal 
activity is presented in Table 1-2, depicted in Figure 1-3, and individual disposals are 
presented in Appendix B.   

1.5 2020 Study Objectives 

The 2020 survey was designed with both confirmatory and focused DAMOS survey 
elements to meet the following objectives: 

�x Objective 1: Characterize the seafloor topography and surficial features over the site
and reference areas (WREF and EREF) by completing a hydroacoustic survey.

�x Objective 2: Characterize the surficial sediment quality and benthic community status
of the site and reference areas through the collection of video footage and sediment
grab samples for chemical, physical, and biological analysis.
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Table 1-1. 
 

Previous Surveys at CADS 
 

Year Survey Type 

Bathymetric 
Survey Area  

(m x m) 
No. SPI 
Stations Other Citation 

DAMOS 
Contribution No.  

1985 Monitoring - - - SAIC, 1987 - 
1987 Monitoring 600 x 1200 51  -  SAIC, 1990 67 

1990 Monitoring 
600 x 1400,  
600 x 600  -   - SAIC, 1991 82 

1997 Monitoring - - - unpublished  - 

2013 

 
Monitoring, 

reference area 
investigation, and 
reconnaissance for 

potential site 
expansion 

600 x 600,  
600 x 1000 

30 PV-imaging Hickey et al., 
2014 

DR-2013-01 
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Table 1-2. 
 

Summary of Recent Disposals at CADS 
 

Project Disposal Year 
Volume 

(m3) 
Volume 

(yd3) 
Arundel Yacht Club 2016 3,879 5,074 
Kennebunkport Marina 2016 1,537 2,010 
Town of Kennebunkport 2016 841 1,100 
Yachtsman Lodge and Marina 2016 3,670 4,800 
York Harbor FNP 2017 12,349 16,152 
Kennebunk, ME - Chester Homer 2018 274 359 
Kennebunk, ME – John Rinaldi 2018 470 615 
Kennebunk, ME – Melissa Winstanly 2018 675 883 
York Harbor FNP 2018 13,233 17,308 
Cape Porpoise Harbor FNP 2019 27,756 36,304 
York Harbor Marine Service 2019 3,551 4,644 
Kennebunk, ME – John Rinaldi 2019 932 1,219 

Total   69,167 90,468 
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Figure 1-1. Location of the Cape Arundel Disposal Site (CADS) and associated reference areas. 
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Figure 1-2. 2013 Bathymetric data over acoustic relief 5x vertical exaggeration of CADS and vicinity. 
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Figure 1-3. Recent disposal records at CADS (2016-2019) over 2013 bathymetric data and acoustic relief 5x vertical 

exaggeration.  
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2.0 METHODS 

AECOM and CR Environmental, Inc (CR) conducted the September 2020 surveys at 
CADS. Alpha Analytical Services (Alpha) (Westborough, Massachusetts [MA]), Katahdin 
Analytical Services (Katahdin) (Scarborough, Maine [ME]), and GeoTesting Express (GTX) 
(Acton, MA) performed the sediment chemistry and grain size analyses. The AECOM 
Benthic Laboratory (Pocasset, MA) performed the sorting and identification of infaunal 
organisms from the sediment samples obtained during the survey. The acoustic survey was 
conducted on 13 September 2020 to document recent disposals within CADS and to collect 
updated acoustic datasets for the two reference areas (WREF and EREF). Sediment grab 
samples were collected on 13 and 14 September 2020 from a total of 12 locations: six 
locations within CADS and three locations from each reference area. To provide additional 
data to aid in the characterization of the surficial sediment quality and benthic community, a 
video survey was conducted after the completion of sediment grab activities.  

The surveys were conducted aboard the 55-ft Research Vessel (R/V) Jamie Hannah. 
Field activities are summarized in Table 2-1 and an overview of the methods used to collect 
and analyze the survey data is provided below. Detailed Standard Operating Procedures 
(SOPs) for data collection and processing are presented in the program Quality Assurance 
Project Plan (QAPP) (AECOM, 2020a). Additionally, marine operations were conducted in 
accordance with the Accident Prevention Plan (APP) for Marine Operations Associated with 
the DAMOS Program (AECOM, 2020b).  

2.1 Navigation and On-Board Data Acquisition 

Navigation for the acoustic survey was accomplished using a Hemisphere VS-330 
Real-Time Kinematic (RTK) Global Positioning System (GPS) which received base station 
corrections through the Keynet Networked Transport of Radio Technical Commission for 
Maritime Services (RTCM) via Internet Protocol (NTRIP) broadcast. Horizontal position 
accuracy in fixed RTK mode was approximately 2 centimeters (cm). A dual-antennae 
Hemisphere VS110 differential GPS (DGPS) was available, if necessary, as a backup. The 
GPS system was interfaced to a desktop computer running HYPACK hydrographic survey 
software. HYPACK continually recorded vessel position and GPS satellite quality and 
provided a steering display for the vessel captain to accurately maintain the position of the 
vessel along pre-established survey transects and targets. Vessel heading measurements were 
provided by an IxBlue Octans III fiber optic gyrocompass.  

2.2 Acoustic Surveys 

The multibeam survey included bathymetric, backscatter, and side-scan sonar data 
collection. The bathymetric data provided measurements of water depth that, when 
processed, were used to map the seafloor topography. The processed data can also be 
compared with previous surveys to track changes in the size and location of seafloor features. 
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This technique is the primary tool in the DAMOS Program for mapping the distribution of 
dredged material at disposal sites. Backscatter and side-scan sonar data provided images that 
supported characterization of surface sediment texture and roughness. Each of these acoustic 
data types is useful for assessing dredged material placement and surface sediment features. 

Bathymetry, Backscatter, and Side-Scan Data Collection 

The 2020 acoustic survey of CADS was conducted on 13 September 2020 aboard the 
R/V Jamie Hannah. The bathymetric survey was conducted within a 500 m x 500 m area 
over the entire footprint of CADS and two 300 m x 300 m squares covering the associated 
reference areas (Figure 2-1). Acoustic backscatter data (beam time-series) and side-scan 
sonar imagery were collected in conjunction with the bathymetric survey. The acoustic 
survey included a total of 29 survey lines over the three surveyed areas, spaced 
approximately 50-70 m apart and oriented in a north-south direction. Cross-lines were spaced 
approximately 200 m and 150 m apart over CADS and the two reference areas, respectively. 
Over the WREF site, three cross-lines were run within the central portion of the site spaced 
at approximately 25 m apart as part of the QA process. Cross-lines were oriented in a west-
east direction (Figure 2-1).  

Data layers generated by the survey included bathymetric, acoustic backscatter, and 
side-scan sonar and were collected using an R2Sonic 2022 broadband multibeam echo 
sounder (MBES). This 200-400 kilohertz (kHz) system forms up to 256 1- to 2-degree beams 
(frequency dependent) distributed equiangularly or equidistantly across a 10- to 160-degree 
swath. For this survey, a frequency of 230 kHz and pulse length of 0.075 millisecond (msec) 
were selected to maximize the resolution of bathymetric data without compromising the 
quality of acoustic backscatter data. The MBES transducer was mounted amidships to the 
port rail of the survey vessel using a high-strength adjustable boom. The primary GPS 
antenna was mounted atop the transducer boom. The transducer depth below the water 
surface (draft) and antenna height were checked and recorded at the beginning and end of 
data acquisition, and draft was confirmed using the “bar check” method. 

An IxBlue Octans V motion reference unit (MRU) and heading sensor was interfaced 
to the MBES topside processor and to the acquisition computer. Precise linear offsets 
between the MRU and MBES were recorded and applied during acquisition. Depth and 
backscatter data were synchronized using pulse per second (PPS) timing and transmitted to 
the HYPACK MAX ® acquisition computer via Ethernet communications. Patch calibration 
tests were conducted before and during the survey to allow computation of angular offsets 
between the MBES system components. 

The system was calibrated for local water mass speed of sound by performing sound 
velocity profile (SVP) casts at frequent intervals throughout the survey day using an AML, 
Inc. MinosX sound velocity profiler. 
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Bathymetric Data Processing 

Bathymetric data were processed using HYPACK HYSWEEP® software. Processing 
components are described below and included: 

�x Adjustment of data for tidal elevation fluctuations;
�x Correction of ray bending (refraction) due to density variations in the water column;
�x Removal of spurious points associated with water column interference or system

errors;
�x Development of a grid surface representing depth solutions;
�x Statistical estimation of sounding solution uncertainty; and
�x Generation of data visualization products.

Tidal adjustments were accomplished using RTK GPS verified against tide data using
records obtained from the National Oceanic and Atmospheric Association’s (NOAA) Seavey 
Island Tide Station (#8419870). The mean difference between RTK and NOAA Tide Station 
data was 0.05 m. Correction of sounding depth and position (range and azimuth) for 
refraction due to water column stratification was conducted using a series of four sound-
velocity profiles acquired by the survey team. Data artifacts associated with refraction 
remain in the bathymetric surface model at a relatively fine scale (generally less than 5 to 10 
cm)��relative to the survey depth.

Bathymetric data were filtered to accept only beams falling within an angular limit of 
60° to minimize refraction artifacts. Spurious sounding solutions were rejected based on the 
careful examination of data on a sweep-specific basis. 

The R2Sonics 2022 MBES system was operated at 230 kHz. At this frequency, the 
system has a published beam width of 1.85°. Assuming an average survey area depth of 37.5 
m (123 ft) and a maximum beam angle of 60°, the average dimensions of the beam footprint 
mid-swath was 1.7 m × 2.4 m resulting in an approximately 4.2 m2 footprint. Data were 
reduced to a cell (grid) size of 3.0 m × 3.0 m, acknowledging finer resolution in shallow 
portions of the survey area and the system’s fine range resolution while accommodating 
beam position uncertainty. This data reduction was accomplished by calculating and 
exporting the average elevation for each cell in accordance with USACE recommendations 
(USACE, 2013). 

Statistical analysis of 2020 bathymetric data, as summarized on Table 2-2, displays 
negligible tide bias (-0.02 m) and a mean vertical uncertainty of 0.69 m, lower than the 
values recommended by USACE (2013) or NOAA Order 1A (2015). Uncertainty was driven 
by the steep slopes of ledge outcrops relative to the beam footprint rather than systematic 
errors or biases. 

Reduced data were exported in American Standard Code for Information Interchange 
(ASCII) text format with fields for Easting, Northing, and Mean Lower Low Water (MLLW ) 
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elevation in meters. All data were projected to the Maine West State Plane, NAD 83 (metric). 
A variety of data visualizations were generated using a combination of ESRI ArcMap and 
Golden Software Surfer programs. Visualizations and data products included: 

�x ASCII data files of all processed soundings including MLLW depths and elevations;
�x Contours of seabed elevation (50-cm and 1.0-m intervals) in a geospatial data file

format suitable for plotting using geographic information system (GIS) and computer-
aided design software;

�x Three-Dimensional surface maps of the seabed created using 2× vertical exaggeration
and artificial illumination to highlight fine-scale features not visible on contour layers
delivered in grid and tagged image file (TIF) formats, and

�x An acoustic relief map of the survey area created using 2× vertical exaggeration,
delivered in georeferenced TIF format.

Backscatter Data Processing 

Backscatter data were extracted from cleaned MBES TruePix formatted files and then 
used to provide an estimation of surface sediment texture based on seabed surface roughness. 
Mosaics of backscatter data were created using HYPACK’s implementation of GeoCoder 
software developed by scientists at the University of New Hampshire’s NOAA Center for 
Coastal and Ocean Mapping (UNH/NOAA CCOM). A seamless mosaic of unfiltered 
backscatter data was developed and exported in grayscale TIF format using a 2.0 m x 2.0 m 
pixel resolution. Backscatter data were also exported in ASCII format with fields for Easting, 
Northing, and backscatter decibel (dB). These data were converted to a grid format, a 
Gaussian filter was applied to the grid to minimize nadir artifacts, and the filtered data were 
used to map backscatter values on a 2 m x 2 m grid. The grid was exported in ESRI binary 
gridded file format (GRD) to facilitate comparison with other data layers. 

Side-Scan Sonar Data Processing 

Side-scan sonar data were processed using Chesapeake Technology, Inc. Sonar Wiz 
software to generate a database of images that maximized both textural information and 
structural detail. Data were processed using gain adjustment methods to minimize nadir 
artifacts and facilitate visualization of fine seabed structures. Seamless mosaics of side-scan 
sonar data were developed using SonarWiz and exported in grayscale TIF format using a 
resolution of 0.14 m per pixel. Data for each sonar file were exported as individual TIF 
images to allow detailed inspection using GIS software. 

Acoustic Data Analysis 

Bathymetric data were analyzed to document the distribution of dredged material at 
CADS and to evaluate changes in seafloor topography in comparison with previous surveys. 
The processed bathymetric grids were converted to rasters and bathymetric contour lines 
were generated and displayed using GIS.  
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GIS was also used to calculate depth difference grids between the previous 2013 
survey and the 2020 bathymetric dataset. The depth difference grid was calculated by 
subtracting the 2013 survey depth estimates from the 2020 survey depth estimates at each 
point throughout the grid. The resulting depth differences were contoured and displayed 
using GIS. The mean difference on the depth difference grid was -15cm, which is likely 
associated with the use of RTK for tides vs. historic use of remote NOAA stations, and a 
more precise beam angle in the 2020 dataset. Based on this difference 0.15m was added to 
the processed depth difference grid to account for the bias.  

The backscatter mosaics and filtered backscatter grids were combined with acoustic 
relief models in GIS to facilitate visualization of the relationships between acoustic datasets. 
This was done by rendering images and color-coded grids with sufficient transparency to 
allow the three-dimensional acoustic relief model to be visible underneath. 

2.3 Sediment Sampling 

Sediment grab samples were collected for grain size analysis, chemical analysis, and 
benthic infaunal community analysis on 13 and 14 September 2020 aboard the R/V Jamie 
Hannah. Target sampling locations were selected prior to the survey and pre-programmed 
into the on-board navigation system. The survey vessel navigated within a 10 m radius of the 
selected target sampling locations prior to deploying the sediment grab sampling equipment 
over the side of the vessel, in some instances, due to the rocky nature of the survey area and 
inability to find soft sediment, samples were collected outside of the proposed 10 m radius. 
Samples were collected from six stations within CADS and from six stations within the 
reference areas: three within EREF and three within WREF. Actual sediment grab sampling 
locations are depicted on Figure 2-2, and sample collection coordinates are presented in 
Table 2-3.  

Sediment Sample Collection – Chemistry 

Samples for sediment chemistry were collected using a 0.1 square meter (m²) grab 
sampler. Upon collection, sediment was brought aboard the vessel to be visually inspected 
and generally described, including color, texture, general grain size observations, and 
additional items, such as odor and surface biota. Descriptions were recorded in the dedicated 
project field logbook.  

After a general description of the grab was recorded and any overlaying water 
siphoned off, the entire contents of the grab was put into a decontaminated stainless-steel 
bowl and thoroughly homogenized. Sediment was then placed in pre-cleaned glassware 
appropriate for each required analysis. Prior to sealing the lids to the glass containers, they 
were wiped with clean paper towels and subsequently labeled. Sample container sizes, 
preservation requirements, and holding times are detailed in the program QAPP (AECOM, 
2020a). Between samples, the grab samplers, spoons, and bowl were thoroughly 
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decontaminated with a non-phosphate detergent and then rinsed with de-ionized water prior 
to re-deployment.  

Analytical chemistry samples were stored on ice and transferred under chain-of-
custody via courier to their respective laboratories  

Sediment Sample Collection – Benthic 

Samples for benthic community structure and taxonomic analysis were collected 
using a 0.04 m2 Ted Young grab sampler. After retrieving the samples from the seafloor, 
they were taken onboard and general notes were made regarding the penetration of the grab 
sampler, general sediment characteristics, and presence of odor. For each sample, the entire 
contents of the grab sampler were removed and washed into a clean 9.4 liter (2.5 gallon) 
plastic bucket and rinsed through a 0.5 millimeter (mm) (500-micron) mesh sieve. The 
material retained on the sieve was then placed into an appropriate sample container and 
preserved with 10% formalin buffered with sodium borate. Samples were transported by 
AECOM staff to the AECOM benthic laboratory in Pocasset, MA under chain-of-custody. 

2.4 Underwater Video Survey 

After the completion of grab sampling on 14 September 2020, underwater video 
footage was taken by the scientific crew aboard the R/V Jamie Hannah. Video data were 
collected along three transects using a video grab system consisting of a Ted Young 0.1 m2 
modified Van Veen grab sampler, stability fin, camera, and light brackets (Figure 2-3). The 
video system included an Outland Technologies’ (OTI) high-definition color video camera 
and two wide-angle light-emitting diode (LED) video lights with variable output control. The 
OTI video camera was cabled to an OTI-1080 HD DVR recorder and high-resolution 
daylight monitor at the surface. The video system was deployed and towed close to the 
seafloor to capture footage of the substrate and epifauna. One transects was taken throughout 
the CADS area (crossing over grab sampling stations CADS 1, 2 and 3), running from the 
northwestern corner toward the center of the site. Two transects were taken at the WREF 
area – one along the southwestern-southern portion of the site (crossing through grab��
sampling station WREF-3) and the second in the northeastern corner, trailing outside the 
survey boundary. Video transects are displayed in Figure 2-4. 

2.5 Laboratory Analysis 

Sediment Chemistry Samples 

The sediment samples were analyzed for grain size, total organic carbon (TOC), 
metals (arsenic [As], cadmium [Cd], chromium [Cr], copper [Cu], lead [Pb], mercury [Hg], 
nickel [Ni], and zinc [Zn]), pesticides, polycyclic aromatic hydrocarbons (PAHs), and 
polychlorinated biphenyls (PCBs). Analytical samples were analyzed by Alpha for TOC, 
metals, pesticides, and PCBs, by Katahdin for PAHs, and by GeoTesting for grain size. Table 
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2-4 includes a summary of the laboratory analytical work and Appendix C presents all��
analytical results.

A routine set of quality control (QC) samples was collected, including one field 
duplicate (FD) and one matrix spike/matrix spike duplicate (MS/MSD) for the 
aforementioned analyses. A rinsate blank was collected from the sediment grab sampling and 
processing equipment and was analyzed to provide a quality check of decontamination 
procedures. All samples were extracted and analyzed within the holding times for the 
analytes mentioned above. 

For the metals, pesticides, PAH, and PCB analyses, standard QC procedures included 
analysis of a method blank (MB) and a laboratory control sample (LCS) in order to evaluate 
the accuracy of the dataset. For TOC, all samples were analyzed in duplicate per the method 
requirements and the QC samples included a MB and LCS.  

Analytical methods applied within this study are consistent with those prescribed in 
the Regional Implementation Manual (RIM) that provides guidance for testing dredged 
material (USEPA and USACE, 2004).  

Benthic Biology Laboratory Processing 

After 48 hours of collection, but within the holding time of 10 days, benthic samples 
were transferred out of the formalin, rinsed on a 500-micron sieve with freshwater, and 
preserved in an 80% ethanol solution. To facilitate the sorting process, the samples were 
stained in a solution of Rose Bengal, a biological stain that adds color to proteinaceous 
tissue. Benthic infaunal samples were sorted using a dissecting microscope to identify major 
taxonomic categories, such as Polychaeta to family level and Arthropoda, Mollusca, and 
Echinodermata to class level. 

Following sorting, individual species were identified to the lowest practical 
taxonomic level (LPTL), typically species, and enumerated. The final dataset excluded taxa 
such as unidentifiable juveniles and indeterminate or damaged specimens that could not be 
identified to the species level, as well as epifauna, shellborers, and parasites. Organisms such 
as meiofauna (e.g., Nematoda, Harpacticoida, and Ostracoda), planktonic fauna, and colonial 
epifauna were neither identified nor included in the raw data files. Data were recorded on 
project-specific datasheets and entered into an ExcelTM spreadsheet. The data were carefully 
inspected, and a final dataset was produced. For statistical community analysis, taxa such as 
juveniles and indeterminate specimens were excluded from the dataset, however, these 
individuals were included in total abundance data.  

2.5.2.1 Benthic Laboratory QA/QC analysis 

To ensure sample quality, a standard QA/QC procedure was followed. A “Batch 
Listing Sheet” was prepared for each sorter in which samples sorted by the individual were 
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identified in batches of ten.  Once a batch was sorted, a sample was selected using a random 
number generator. The selected sample was then re-sorted by a senior lab member. Any 
organisms found in the sample residue during the re-sort were removed, enumerated, 
identified, and added to the sample vials. This process was completed for 10% of the 
samples. If the number of organisms found within the re-sorted sample was greater than 10% 
of the total abundance, corrective action would be taken – guidance would be provided to the
sorter on how to improve and the sorter would be instructed to re-sort samples from the 
batch. Samples that were selected for the QA/QC process passed and no corrective action 
was necessary. 

2.6 Data Analysis 

Sediment Chemistry Analysis 

Total PAHs (the sum of the 18 PAH compounds analyzed) and total DDx (the sum of 
4,4’-dichlorodiphenyldichloroethane [DDD], 4,4’-dichlorodiphenyldichloroethylene [DDE], 
and 4,4’-dichlorodiphenyltrichloroethane [DDT]) were calculated using one-half the method 
detection limit (MDL) for individual analytes that were recorded as non-detect and then 
totals were summed. Total PCBs were calculated as the sum of the 18 NOAA congeners 
multiplied by two, with non-detects included as one-half of the MDL.  Individual compounds 
that were recorded as non-detect are presented as one-half of the MDL, as specified within 
the QAPP (AECOM, 2020a).  

Chemistry results from the survey are compared to national sediment quality 
guidelines (SQGs). These SQGs were derived using a database that compiles data from 
multiple studies and investigators and contains paired sediment chemistry and bioassay data 
(Long and Morgan, 1991; Long et al. 1995). From these data, the 10th and 50th percentile of 
the effect values was identified for each chemical of interest. The two guidance values used 
for comparative purposes herein (effects range low [ER-L] and effects range median [ER-
M]) are intended to delineate three concentration ranges for a specific chemical. The 
concentrations below the ER-L (10th percentile) value represent a minimal effects range, rare 
to cause adverse effects. Concentrations above the ER-L but below the ER-M (between 10th 
and 50th percentile) represent a possible adverse effects range, and concentrations above the 
ER-M (>50th percentile) represent a probable effects range (Long et al., 1995). The screening 
values used within this report are intended to provide a general scale of sediment 
contamination levels and are a useful tool in providing a primary assessment of the nature of 
sediment contamination; combined with technical judgement, research, and the appropriate 
field and laboratory procedures, SQGs can provide important information to assist with 
sediment characterization and risk assessments (Kwok, et. al., 2014).  

Benthic Infaunal Community Analysis 

The PRIMER E (v.7) statistical package was used to calculate diversity indices, 
including Shannon-Weiner diversity index (H�•), Pielou’s evenness value (J�•), and Log-series 
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Fisher’s alpha (Clarke and Gorley, 2001). Shannon-Weiner’s index (H�•) is based on 
information theory and is the most widely used diversity index among benthic ecologists.  
Shannon’s index assumes that individuals are randomly sampled from an infinitely large 
population and that the total number of species are present in the sample obtained (Wilhm 
and Dorris, 1968; Pielou, 1975; Magurran, 1988). Neither assumption correctly describes the 
environmental samples collected in most marine benthic programs; therefore, it is important 
to include additional metrics to assess for benthic community structure. Pielou’s evenness 
index (J�•) expresses H�• relative to the maximum value that H�• can obtain when the number of 
species in the sample is perfectly even (J�•���L�V���F�R�Q�V�W�U�D�L�Q�H�G���E�H�W�Z�H�H�Q�������D�Q�G������. The less evenly 
distributed species are in a community, the lower the value of J�•. Log-series Fisher's alpha 
(Fisher’s �.) model of species abundance (Fisher et al., 1943) has also been widely used and 
is considered to be a better index for discriminating diversity among samples with subtly 
different characteristics in community structure (Taylor, 1978). Fisher’s �. is a measure of 
diversity that is calculated to be independent of sample size and does not assume, as H�•���G�R�H�V����
that the total number of species is present within the sample obtained.  

A species-area curve was generated to evaluate the success of sampling the three 
areas (CADS and two reference sites) relative to the number of species identified per number 
of samples collected. The cumulative species count should increase with the number of 
samples collected until an asymptote (plateau) is reached indicating a low likelihood of 
finding additional species with increased sampling effort. PRIMER was also used to 
calculate the Bray-Curtis Similarity matrix and to perform a Principal Components Analysis 
(PCA) to discern patterns of community structure among the stations sampled. These 
multivariate and univariate metrics were used to test the hypothesis that CADS and the 
reference areas have similar infaunal community assemblages.  

Benthic Infaunal Trophic Groupings 

To further evaluate the species composition of CADS relative to the reference areas, 
the species identified were assigned to one of six trophic groupings (feeding modes): 
1. omnivores/scavengers; 2. subsurface deposit feeders; 3. interface feeders; 4. suspension
feeders; 5. surface deposit feeders; or 6. predators. Tropic grouping assignments were
referenced to Pollock, 1998 and QA’d by a qualified benthic ecologist.

Underwater Video Survey Data Analysis 

The underwater video footage was analyzed at the AECOM benthic lab. The video 
transects were viewed in slow motion so a comprehensive one-second interval analysis could 
be completed. Data recorded from the video analysis included: location coordinates, time of 
recording, substrate type, sample area associated with the recording, and any other relevant 
comments, such as camera quality or biota identified. Data were recorded in an ExcelTM data 
sheet and screenshots were taken throughout the footage to display any biota of interest and 
to depict the general area substrate (Appendix E). 
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Table 2-1. 
 

September 2020 CADS Field Activities Summary 
 

Survey Date Summary 

Bathymetry 13 September 2020 

Bathymetric, Backscatter, and Side-Scan Sonar 
CADS: 500 x 500 m 

Reference Areas: 300 x 300 m 
Lines: 29 total  

Spacing: 50-70 m 

Sediment Grab 
Sampling 

13 and 14 September 2020 
Total Stations: 12 

CADS: 6 
Reference Areas: 6 (3 per area) 

Video Survey 14 September 2020 Three transects conducted across CADS (1) and 
WREF (2) 
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Table 2-2. 
 

Acoustic Cross-Line Comparison Results 
 

+/- Beam Angle Limit Max Outlier  Mean Diff  Std Dev 95% Confidence 
0 4.53 0.08 0.33 0.66 
5 6.08 0.08 0.29 0.58 
10 6.33 0.07 0.33 0.65 
15 6.33 0.04 0.29 0.56 
20 6.26 0.01 0.37 0.72 
25 6.50 0.02 0.29 0.57 
30 6.56 0.02 0.33 0.65 
35 6.56 -0.03 0.34 0.68 
40 6.56 -0.09 0.34 0.67 
45 4.82 -0.07 0.42 0.82 
50 4.82 -0.08 0.39 0.76 
55 4.43 -0.11 0.38 0.75 
60 4.43 -0.15 0.48 0.93 

Mean 5.71 -0.02 0.35 0.69 
 
Notes: 
1. Data accepted to +/- 55-degrees from vertical based on field assessment of data quality. 
2. Statistical summary based on average elevations within 3m x 3m cells. 
3. Maximum outlier values representative of slopes on geological features. 
4. Mean difference indicative of RTK GPS tidal uncertainty. 
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Table 2-3. 
 

CADS Sediment/ Biology Grab Locations (Actual) 

Station ID Easting Northing Latitude (N) Longitude (W) 

Sediment Grab 
(Physical and 

Chemical) 
Benthic Community 
Structure Analysis 

CADS Site 
CADS-1a 876787.7 51543.0 43°17 817’ -70°27.164’ X  

CADS-1b 876781.0 51574.3 43°17.833’ -70°27.169’  X 
CADS-2a 876771.4 51588.5 43°17.842’ -70°27.176’  X 
CADS-2b 876770.4 51583.4 43°17.839’ -70°27.176’ X  

CADS-3a 876788.1 51636.3 43°17.834’ -70°27.164’ X  

CADS-3b 876770.4 51631.8 43°17.865’ -70°27.177’  X 
CADS-4a 876871.6 51641.8 43°17.870’ -70°27.102’  X 
CADS-4b 876877.1 51651.9 43°17.876’ -70°27.098’ X  

CADS-5a 876917.1 51592.6 43°17.844’ -70°27.068’  X 
CADS-5b 876922.5 51601.7 43°17.849’ -70°27.064’ X  

CADS-6a 876922.3 51555.6 43°17.824’ -70°27.064’ X  

CADS-6b 876932.2 51550.9 43°17.821’ -70°27.057’   X 
Reference Areas 

EREF-1a 878235.5 52549.1 43°18.363’  -70°26.096’   X 
EREF-1b 878267.1 52556.9 43°18.367’  -70°26.072’  X  

EREF-2a 878147.1 52453.8 43°18.311’  -70°26.161’  X  

EREF-2b 878127.1 52455.6 43°18.312’  -70°26.176’   X 
EREF-3a 878223.1 52379.8 43°18.271’  -70°26.104’   X 
EREF-3b 878222.9 52413.7 43°18.290’  -70°26.105’  X  

WREF-1a 876761.8 52450.4 43°18.307’  -70°27.185’  X  

WREF-1b 876747.7 52454.9 43°18.309’  -70°27.196’   X 
WREF-2a 876834.0 52407.2 43°18.283’  -70°27.131’   X 
WREF-2b 876843.2 52411.3 43°18.286’  -70°27.125’  X  

WREF-3a 876785.4 52338.2 43°18.246’  -70°27.167’  X  

WREF-3b 876787.5 52334.2 43°18.244’  -70°27.166’   X 

       
Notes        
1. Grid coordinates are NAD_1983_StatePlane_Maine_West_FIPS_1802  
2. Geographic coordinates are NAD83 decimal degrees   
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Table 2-4. 
 

Summary of Laboratory Analytical Work 
 

Test Method 
EPA Test Method No. 

  Sample Prep Analytical  Instrumentation 
Arsenic (As) 3050B 6020B ICP-MS 
Cadmium (Cd) 3050B 6020B ICP-MS 
Chromium (Cr) 3050B 6020B ICP-MS 
Copper (Cu) 3050B 6020B ICP-MS 
Lead (Pb) 3050B 6020B ICP-MS 
Mercury (Hg) 7471B 7471B CVAA 
Nickel (Ni) 3050B 6020B ICP-MS 
Zinc (Zn) 3050B 6020B ICP-MS 

Polynuclear Aromatic Hydrocarbons (PAHs) 3540C 8270D SIM GC/MS 
Polychlorinated Biphenyls 3540C 8082A GC/MS 
Pesticides 3540C 8081B GC/MS 
Total Organic Carbon (TOC) - 9060A Carbonaceous analyzer 
Grain Size ASTM D422-63   

    
Notes:    
ICP-MS - Inductively Coupled Plasma Mass Spectrometer   
CVAA - Cold Vapor Atomic Absorption    
GC/MS - Gas Chromatography/Mass Spectrometry   
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Figure 2-1. CADS and reference areas bathymetric survey boundaries and acoustic tracklines, September 2020.
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