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EXPLANATION OF MAP SYMBOLS
SEAFLOOR INTERPRETIVE MAP

a Massachusetts Bay Disposal Site (MBDS) - Center af 42°
25.1'N, 70° 35.0'W; diameter of MBDS is two nautical miles

b Probable sunken vessel - Linear shape, topographic relief; most
display sidescan sonar backscatter

B Unidentified object - Topographic relief; some display sidescan
sonar backscatter and may be sunken vessels

Ees Shallow depression with rim - Crater shape, sidescan sonar
backscatter

® Shallow depression - No rim visible, no sidescan sonar back-
scatter

Y113 Video drift station - Symbol marks end of drift where sediment

E\ sample taken

1127 Video drift station - Symbol marks end of drift; no sediment

x sample taken

Unidentified circular object - Of probable man-made origin

Buoy anchor scar - On mound of disposed material where taut-
wire buoy marks present disposal point in Massachusetts Bay

Disposal Site

Linear deposits (lines) and point deposits (circles) of
disposed material on mud sea bed - Longest dimension of
point deposits indicated as follows (not to scale): small circles,
less than 50 m; medium circles, 50 to less than 100 m; large
circles 100 m and greater

Mound of disposed material (dot pattern) - Northern mound
is at disposal point in use from 1975 to 1985; southern mound
is at disposal point (approximately 42° 25.1'N, 70° 34.45'W)
in use since 1985 in present MBDS

Scattered rock debris (dot pattern) on natural gravelly sand
sea bed - Strong sidescan sonar backscatter (deposit margins
shown as dashed lines)

Piles of rock debris (tent pattern) and associated scattered
rock debris (dot pattern) on gravelly sand sea bed - Rock
piles display strong sidescan sonar backscatter and high
topographic relief (margins shown as heavy lines)

Deposits of rock debris (tent pattern) on mud sea bed -
Strong sidescan sonar backscatter but no topographic relief
observed (deposit margins shown as light lines). Adjacent

areas of weaker backcatter (dot pattern) may represent
scattered rocks and/or mud sea bed disturbed during
deposition of rock debris

Deposits of rock debris (tent pattern) on bank slope -
Strong sonar backscatter but no topographic relief or adjacent
areas of weaker backscatter cbserved
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DISCUSSION
BRIEF HISTORY OF THE DISPOSAL SITE REGION

Since at least the 1940’s, a region in the northern part of Stellwagen Basin has
been used as a repository for dredged material, rock debris, sunken vessels, munitions,
construction debris, and industrial and low-level radioactive waste. Hazardous
materials have not been disposed there in recent years. The disposal region lies 17
nautical miles (nm) east of the entrance to Boston Harbor and is adjacent to the western
boundary of the Stellwagen Bank National Marine Sanctuary (NMS) established in 1992
(see location map). Disposal has occurred in several areas of this region (U.S.
Environmental Protection Agency and U.S. Army Corps of Engineers, 1989; U.S.
Environmental Protection Agency, 1992; U.S. Congress, 1993a,b). In the 1963-1975
period, the U.S. Coast Guard maintained a disposal point marked by the "A" buoy (42°
26.8'N, 70° 35.0'W) in the northern part of the region shown here that was known as the
Industrial Waste Site (IWS). In 1975, the "A" buoy was moved 1.1 nm to the south (42°
25.7'N, 70° 35.0'W) to mark the center of a disposal site also known as the Industrial
Waste Site. Two years later, in 1977, this second IWS was replaced by a new disposal
site (designated for dredged material only) called the "interim" Massachusetts Bay
Disposal Site (iMBDS; center at 42° 25.7N, 70° 34.0W ). The iMBDS was established
less than one nm to the east of the second IWS. Finally, in 1993 the iMBDS was
replaced by the present site for dredged material known as the Massachusetts Bay
Disposal Site (MBDS; center at 42° 25.1'N, 70° 35.0'W). It is located southwest of the
iMBDS. The MBDS was established so that the disposal site would lie outside the
western boundary of the newly designated Stellwagen Bank NMS. The MBDS and the
sanctuary boundary are shown on the accompanying seabed topographic and
backscatter images and on the interpretive map.

The history of disposal since 1975 is complicated by the fact that a disposal
"site" (a circular area 2 nm in diameter) has been established at 3 locations while a
disposal "point" (marked by a buoy) has been established at 2 locations. In addition, the
disposal point has not been located at the center of the disposal site since 1977. All
three disposal sites established since 1975 (second IWS, iMBDS, MBDS) are identical

in size and overlap each other to some extent, as shown on NOS Chart 13267 (National
Oceanic and Atmospheric Administration, 1994). From 1975 to 1985, the "A" buoy (42°
25.7'N, 70° 35.0'W) marked the dispasal paint in both the second WS and the IMBDS.
From 1985 to the present, the "FDA" (or "MDA") buoy (approximately 42° 25.1'N, 7¢°
34.45'W) has marked the disposal point for dredged material in both the iMBDS and the
MBDS. Most disposal since 1963 has occurred at buoyed points in water depths of 85
to 90 meters in Stellwagen Basin. However, from June, 1992 to October, 1993 disposal
of fresh blasted rock debris (from an excavation in Boston Harbor) was permitted in the
iMBDS at an unbuoyed point (42° 26.5'N, 70°34.0'W) on the edge of Stellwagen Bank at
50 m water depth.
METHODS

Survey vessel - Multibeam echo sounder data was collected aboard the Canadian
Hydrographic Survey vessel Frederick G. Creed, an aluminum SWATH (Small
Waterplane Area Twin Hull) ship that surveys at speeds up to 16 knots. The survey, in
cooperation with the National Oceanic and Atmospheric Administration (NOAA), was
conducted 15 hours a day in April, 1995 from Provincetown, Massachusetts. The ship
has two submerged torpedo-shaped hulls that support the main deck via two thin
struts. This design reduces wave motion on the ship and resistance to the ship’s
forward motion through the water, thus making it a very stable platform at high survey
speeds. Stability of the ship is also enhanced by the computer-controlled action of four
stabilizer fins located fore and aft on the inboard side of the hulls. The stabilizers
control the pitch and roll of the vessel and allow adjustment of the heel and trim of the
ship while under way. During the survey, the ship’s position was determined with an
accuracy of 10 m or better using a Magnavox 4200 geographic positioning system (GPS)
receiver in conjunction with differential GPS corrections transmitted by U.S. Coast
Guard radio beacons. At the start of each day, casts were made to record the sound
velocity profile of the water column in the area to be surveyed. This information is used
by the data acquisition system to correct for the refraction of the transmitted multibeam
sound signal as it travels through the water to and from the sea floor. Velocity
information was updated during the day whenever the survey moved from one area to
another.

Multibeam data acquisition -The data presented here in the topographic and sidescan
sonar backscatter images were collected utilizing a Simrad Subsea EM 1000 Multibeam
Echo Sounder that is permanently installed in the hull of the Creed. The EM 1000 has
128 ceramic elements, operates at a frequency of 95 kHz, and will survey in water
depths ranging from 5 to 1000 m. The raw data are logged on a Sun SPARCstation 10
using Simrad’s Mermaid software and displayed on personal computers (PC’s). When
operating in water depths between 5 and 200 m, the EM 1000 produces 60 aimed
beams spaced at intervals of 2.5 degrees, thus giving a total beam width of 150 degrees
(75 degrees to each side of the vessel) which insonifies a strip of sea floor measuring in
width approximately 7.5 times the water depth. Signal processing methods that employ
a combination of amplitude and phase detection are used to determine (for the patch
of sea bed under each formed beam) the distance between the hull transducer and the
sea bed. Values related to the strength of the returning signal for each beam are
recorded and used to construct a composite seabed backscatter (reflectivity) image
across the entire strip of insonified sea floor. Sounding rates depend on water depth but
vary from 2 to 4 per second in water depths less than 100 meters. Horizontal spatial
resolution at these sounding rates is on the order of 10% of the water depth at 16 knots;
however, vertical resolution is approximtely 1% or better in the same depth range. The
disposal site region is located in water depths of 50 to 90 meters. Thus, the average
horizontal resolution averages 5 to 9 m, and the vertical resolution 50 to 90 cm. Both
the bathymetric and the sidescan-sonar backscatter data are displayed in real time on
the Sun workstation using software designed and written by the Ocean Mapping Group,
University of New Brunswick. This display allows data gaps to be identified during the
survey and also gives a measure of the data quality. An Applied Analytics POS/MV
motion sensor located in the hull near the EM 1000 transducer detects changes in
pitch, roll, and heave of the vessel. The motion information is recorded concurrently
with the acquired multibeam signal and both are logged in a single file on the Sun
workstation and made available to other workstations for further processing.

Data and image processing - After the echo sounder data was logged onto the hard
disk of the Sun workstation, a suite of processing software developed by the Ocean
Mapping Group was used to correct for artifacts and errors that may have been

maintained by the Ocean and Lake Levels Division of NOAA in Silver Spring, Maryland.
The tidal database is updated by NOAA approximately every six hours.

f. Initiate UNIX c-shell script files that map the bathymetric soundings from
each processed data file onto a Mercator grid with node spacings and scale selected by
the operator.

g. Concurrently, UNIX c-shell script files map the extracted sidescan sonar
backscatter values onto a digital mosaic in the Mercator projection at a scale selected
by the user.

h. Generate sun-illuminated bathymetric raster files using the mapped grid
node information to depict the depth information in a shaded relief view.

A Mercator projection allows individual map areas to be joined edge to edge
when Creafing a composiie mage. The sun-illuminated image shown here uses a sun
elevation angle of 45 degrees from an azimuth of 315 degrees; and a vertical
exaggeration of four times to emphasize seafloor features.

Data archival - Raw data logged by the Simrad Mermaid workstation is backed up each
day on Exabyte 8 mm tapes and then transcribed to CD-ROM'’s after the end of the
survey for more permanent and stable storage. The map products and processed data
files are also saved onto 8 mm tapes: they were transferred to magneto-optical read-
write media for easier access in the event post cruise processing was required.

Topographic contours - Contouring of processed bathymetric data was accomplished
with Arc/Info geographic information system software (Environmental Systems Research
Institution, version 7.03). Processed data was formatted using the Arc/Info "point
generate" routine into a point file containing 3,251,355 records comprised of latitude,
longitude, and water depth in a geographic projection. The point file was transformed
to a Mercator projection with the longitude of the central meridian at 70° 34’ 43.5"W, the
latitude of true scale at 42°N, a false easting of 4000 m, and a false northing of 0 m. The
"point grid" routine was used to create a grid from the point file and to assign depth
values to individual grid cells. The cell size of the output grid was chosen carefully to
minimize both data loss and a banding artifact that occurs when point spacing is
rectangular instead of square. As point spacing is rectangular here, it was necessary
to select an output cell dimension that was larger than the input point spacing. A final
cell size of 5 m was chosen. Topographic contours at 5-meter intervals were generated
using the "lattice contour” routine which converts a grid (or lattice) to contours of equal
depth value. At this stage, the resulting contour lines contained artifacts in the form
of high-frequency distortions that were expressed only in areas of very smooth sea floor.
These artifacts are due to problems encountered during data acquisition at nadir
(beneath the vessel's keel) and to refraction effects at the outermost edge of the beam
pattern when survey lines are spaced too far apart. The high-frequency distortions of
contour lines were smoothed by using a user-defined low frequency "focal median" filter
routine on the grid created by "point grid". For each cell location in a grid, this filter

(14 nm? and includes former and present disposal sites. This part of the Gulf of Maine
was occupied by glaciers that scoured and shaped the sea bed and deposited both fine
and coarse sediment. In this region, Stellwagen Basin is a relatively smooth surface
that varies from 80 to 90 m in depth. It is floored by a soft watery mud represented by
low backscatter (low reflectivity) values on the map. The smooth basin floor is
interrupted by elongate knolls which extend to heights of 15 m above the sea bed. The
knolls are elongate in a NW-SE direction, and their shape reflects the direction of
movement of glacial ice. The knolls are in various stages of burial by mud, but their
surfaces are moderately reflective to sound, suggesting that they are composed of glacial
sand and gravel partly covered by a thin veneer of mud. During post-glacial time,
Stellwagen Basin has been filling up slowly with mud that is derived from. erasion. of the
land and of the sea bed in coastal regions and shallow offshore banks. The mud is
transported by tidal and storm currents to the basin where it settles to the bottom and
is habitat for groundfish. shrimp, and many organisms that live in burrows in the sea
bed.

Stellwagen Basin extends eastward to a slope approximately 25 m high that
forms the edge of Stellwagen Bank. The top of the bank here lies at a water depth of
approximately 50 m and is composed of hard gravelly sand with scattered cobbles and
boulders that are highly reflective to sound waves. The bank is relatively uniform in
depth, and the surface displays shallow depressions and low gravel ridges that exhibit
several meters of relief and are interpreted to be of glacial origin. By contrast with the
soft mud in the basin, the gravelly sand cannot be burrowed easily and supports a
variety of sponges, anemones, and other organisms that attach to the hard bottom and
form part of the habitat utilized by groundfish.

Dredged materials - Deposits of soft materials (such as sediment dredged from harbors)
are common features in the backscatter images of the basin. These deposits are
subcircular or linear in shape and are considerably more reflective than the basin mud.
Subcircular (or point) deposits range in diameter from 10 to over 100 m and do not
make a detectable mound on the sea bed. Linear deposits of this dredged material
range up to 4 km in length. Linear deposits, as well as alined sets of point deposits, are
the result of dumping from moving barges. The cumulative effect is a collection of lines
and dots that reveals transport patterns to and from the disposal sites. The alinement
of the deposits suggests that many of the barges were headed for the present disposal
point that has been active for 11 years since 1985.

Disposal mounds - Two mounds of disposed material in the basin are visible in the
topographic image. The first is a large low mound (42° 25.7N, 70° 35.0'W) located where
the "A" buoy marked a disposal point from 1975 to 1985 in the IWS and later in the
iMBDS. This mound extends a few meters above the surrounding sea bed and is
situated on the north side of a seafloor depression outlined by the 90-meter isobath. Its
longest dimension is approximately 1000 m in a NE-SW direction. The second mound

Harbor during construction of the Ted Williams Tunnel (formerly known as the Third
Harbor Tunnel) was disposed in the iMBDS during a 17-month period from June 1992
to October 1993 (U.S. Army Corps of Engineers, Rock Disposal Summary, T.J. Fredette,
personal communication, 1995). A special unbuoyed disposal point (42° 26.5'N, 70°
34.0'W) was designated for the location of this rock material. The point is located on the
edge of Stellwagen Bank (50 m water depth) where the sea bed is gravelly sand. A large
quantity of the rock debris lies within a 200-m radius of the disposal point, but other
deposits of rocks are scattered throughout the disposal region where they lie on gravelly
sand on the bank and on mud in the basin. The rock debris is relatively easy to
identify. In the topographic image, it appears as large rough-surfaced mounds and low
linear deposiis on he hard gravelly sand in shallow water (50 m) of the bank. In the
backscatter image, the highly reflective rock debris is characterized by higher
backscatter values than the gravelly sand; backscatter patterns depict mounds, low
linear deposits, and areas where rock material was widely scattered as it was dumped
from moving barges.

By contrast, the rock debris that lies in the basin shows little or no topographic
relief because, apparently, the rock piles settled into the mud. The rock deposits are
much more reflective than the mud or the soft disposed material in the basin and often
display a distinctive shape in the backscatter images. A central elongate area (the main
pile) is highly reflective and is bounded on each side by semicircular features of lower
reflectivity that may represent scattered rocks on the fringe of the main pile or mud
disturbed by impact during dumping.

Rock deposits that are situated on the slope between the basin and the bank are
highly reflective, but they have no topographic expression. In addition, the lateral,
semicircular features associated with rock debris on mud are not visible. A possible
explanation is that the rock deposits are thin and/or their relief is somehow obscured
by the slope of the bank edge; and lateral features are not present because the bank
edge is not soft mud but a relatively thin layer of mud overlying hard gravelly sand.

Observations made in 1995 and 1996 with video and still cameras show that
rock debris on the bank (in place a maximum of 3 years) is only sparsely colonized by
attached organisms such as sponges, bryozoa, and hydrozoa. By contrast, these same
organisms are commonly attached to the pebbles, cobbles, and boulders found on the
natural gravelly sand adjacent to the rock debris. In the basin, rock debris is lightly
veneered with mud. Rock piles both on the bank and in the basin provides habitat for
lobsters and redfish. The locations of the new rocky habitat can be determined to a
great extent by the presence of buoys marking positions of lobster fishing gear.

Sunken vessels and unidentified objects - A variety of unnatural features that appear
to be man-made and that range from 10 to 70 m in length are present on the
topographic and backscatter images. Sunken vessels are identified by their elongate
shape and topographic expression. A total of 13 sunken vessels are shown here, but
none of them have been visually observed or identified. The largest is approximately 70
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introduced during data collection. This software also enhanced the corrected data by finds the m?dian cell vah.le within a specified _neighborhood of cells and assigns it to the (42° 25.1'N, 70° 34.5'W) is younger, smaller, and steeper and is located 0.6 nm to the m in length (42° 26.27'N, 70° 36.36'W). In addition to the vessels, 20 unidentified
resolving beam pattern and aspect ratio distortions and by imposing a linear contrast c§>rrespondmg cell location on the output grid. Square.focal median filters varying in SE, at the active disposal point in the MBDS. This mound has been growing for 11 objects are mapped that do not have identifiable shapes but, in part, could be small
stretch before it generated bathymetric and sidescan sonar image mosaicks in a size from 5 x 5 cel.ls, 11 x 11: 15 x 15,. to 21 x 21 were tried and the last was selected years since 1985 and is much better defined than the older mound to the north. It vessels. In the backscatter images, a large circular object is present (42° 23.95'N, 70°
. Mercator projection. All data processing described here is initiated using onboard as the }'aest S.OluthI’.l. The filtered gnd was converted to contours with the "lattice extends 6 to 7 m above the sea bed, and its longest dimension is approximately 800 m 36.68'W) that has an inner "ring" approximately 70 m wide and an overall diameter of
) 4 Silicon Graphics workstations as soon as each acquisition file is closed by the Simrad contour" routine. F 1pa11y, the resulting contours were edited manually with "arcedit" in an E-W direction. It also is more highly reflective than the northern mound which approximately 100 m but little topographic expression. It is unclear whether this large
\ S T E |_ I_ \N A G E N O Mermaid workstation (usually at the end of each survey line). As tidal information is to remove small artifiacts that were not removed by the focal median filter in several suggests that the surface of the northern mound has been altered during the past 11 object is the remains of the drydock caisson noted near this location on NOS Chart
- not available in real time, tidal corrections are merged into the sounding data files at the very smooth areas of the sea bed. years by natural fine-grained sedimentation, by burrowing organisms, and possibly by 13267 (NOAA, 1994).
) . . . . . . ) . s . 4 + + * . * end of the day for subsequent grid file generation. Tidal information is essential for trawling. A disposal mound is not evident at the disposal point (42° 26.8'N, 70° 35.0'W)
. mapping the depth information over the course of the entire survey as all depths are SEABED FEATURES that was active from 1963 to 1975. Depressions in the sea bed - Two kinds of depressions in the sea bed are recognized.
i referenced to mean lower low water. The processing and editing steps on board the ship Three shallow (0.5-1 m) subcircular depressions (50-100 m in diameter) with a raised
. are as follows: Numerous previous surveys and investigations in selected areas of the disposal Anchor scars - The topographic image reveals features on the present disposal mound rim are visible in both the topographic and the backscatter images. They resemble buoy
% a. Demultiplex, or unravel, the acquired Simrad signal to generate separate files sites region have focused on seabed features, sediment chemistry, biological that are interpreted to represent disturbance of the bottom by the anchoring apparatus anchor scars in some respects, and 2 of the 3 are located on the mound of disposed
containing navigation, depth soundings, sidescan sonar backscatter values, and sound assemblages, and disposed materials. Many of the studies were conducted or of a series of taut-wire buoys that have marked the MBDS disposal point since 1985. material that was deposited from 1975 to 1985. However, they differ from the anchor
velocity information. contracted by the U.S. Army Corps of Engineers (New England Division, Waltham, MA) The features are not visible in the backscatter images. The anchor scars are doughnut- scars described previously by their large size and their reflectivity.
b. Automatically reject bad data. For the multibeam soundings, reject data and the Environmental Protection Agency (Region I, Boston, MA) who jointly administer shaped and probably were formed by a heavy weight that is attached to the lower end A second kind of depression has a strong topographic expression, but it has no
outside expected depth ranges (operator’s decision based on nautical chart data); for the present MBDS and have reports of these activities. The purpose of this discussion of the anchor wire. The weight, and the chain that separates it from the anchor, raised rim and is not visible in backscatter images. Fourteen shallow (1-2 m),
N . e J . . . . . . i 5 : + + 2 + " navigation data, reject fixes with poor GPS statistics. is to describe the character of the sea floor in the disposal site region as revealed by the apparently plow the mud into a circular ridge around the anchor as tidal and storm irregularly-shaped depressions range from 20 to 70 m in their longest dimension. Eleven
c. Edit the navigation data on-screen to remove undesirable points, including new topographic and sidescan sonar backscatter (seabed reflectivity) data and in the currents move the surface buoy and weight around the anchor point. Anchor scars are of the 14 depressions are clustered in an area of the basin where from 1963 to 1975 the
| | i | - | turns at the ends of survey lines. video and still photographic observations acquired by the cooperative USGS-NOAA most visible on the periphery of the mound. The buoy is not set in precisely the same U.S. Coast Guard maintained a buoy marking a disposal point (42° 26.8'N, 70° 35.0'W)
RN Ty 0% 35W 70° 34'W 70° 33'W NTERIOR_GEOLOGICAL SURVEY, RESTON, VA_1657 70° 32'W d. Edit the multibeam soundings on-screen to remove individual anomalous mapping program in 1995. location each time it is replaced (some anchor scars are up to 600 m apart), a practice for a variety of materials, apparently including munitions. These 11 depressions lie
) | - SCALE 1410 000 soundings. that encourages lateral growth of the disposal mound. within 600 m of this disposal point, and it is conceivable they were formed by exploding
Lc?r:gﬂuodrepgfojggnl?rgl meridian 70° 34.725'W; latitude of true scale 42°N T e savigation bachint fhie cata es i L S S S S o Dresenice of shillow, atiarply defined dopressions (i & artformly comoots md con bes)
False easting 4000 m; false northing O m 1000 800 600 400 200 0 500 1000 Tidal information from the Boston tide gauge was obtained via modem from computers and the northwest edge of Stellwagen Bank. The area mapped measures 3.7 x 3.8 nm Rock debris - Fresh blasted rock debris that was excavated from beneath Boston presence of shallow, sharply defined depressions (in a uniformly smooth mud sea bed)

whose formation is not related in an obvious way to disposal of other materials or to
natural processes.
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