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1.0

SECTION 1.0-EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Maintaining Gloucester Harbor asaworking harbor isaprimary god of the recently completed Gloucester
Harbor Plan. Insupport of that god, the Harbor Plan identifies dredging as a priority action, to support
the many commercia and recrestiond facilities and uses that make the harbor what it is. The following
facilities in Gloucester Harbor and the Annisquam River have reported a need to dredge:

. 16 indudtrid/commercia facilities
. 9 City landings
. 4 marines

. The Fish Rer, the Annisquam River, and Smith Cove

To dredge these facilities, Gloucester needs a place to safely dispose of the dredged materia. However,
Gloucester harbor sediments are typicd of the urban ports of the Northeast and contain contaminants as
aresult of years of industrid and commercid activities. These contaminants are potentidly harmful to
marine life, and much of the sediment therefore cannot be disposed of a the ocean Ste that was used
frequently inthe past. State and federa law requiresthat the sediment that cannot go to the ocean Ste must
be“managed” toremoveit from direct contact with the environment. Thetimeand cost required to manage
these sediments, by identifying environmentally responsible and cost-effective digposal Sites, is often so
great that marine facilities cannot afford to dredge.

Because maintaining working ports and harbors is so important in Massachusetts, the state, through
Massachusetts Coasta Zone Management, and with funding and support from the Seaport Advisory
Council, is working with the City of Gloucester to identify localy acceptable digposa Stes for materid
dredged from Gloucester Harbor.

The purposeof this Draft Environmenta Impact Report isto investigate al of the potentid optionsavailable
for the management or disposd of Gloucester Harbor dredged materid, and to present for review and
comment arecommended approach. Commentsfrom the public, the City, and state and federal regulatory
agencieson theinformation and recommendationsinthisDEIR will guide our continuing work with the City.

This summary of the Gloucester Harbor DMMP DEIR presents an overview of the full report contents,
ligts the principa environmenta impacts of the dternativesfor dredged material management and identifies
measures to be implemented to mitigate unavoidable environmenta impacts.

1.1  Nameand Location of Project

The project described in this DEIR is the Gloucester Harbor DMMP, in Gloucester, Massachusetts. An
Environmentd Notification Form (ENF) wasfiled for the Gloucester Harbor DMMP on March 16, 1998,
by Massachusetts Coastd Zone Management (MCZM) and the City of Gloucester, the project
proponents. The location of Gloucester Harbor is shown in Figure 1-1. The Executive Office of
Environmenta Affairs (EOEA) file number for the Gloucester Harbor DMMP is 11534.
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1.2  Project Description

This DEIR includes an analyss of dternative upland and aquatic dredged materid digposd Stes and
dternaive technologies to treat sediments that are unsuitable for unconfined open water disposal
(“unsuitable dredged materid” or “UDM”) for eventud digposd or beneficid reuse. The DEIR identifies
one preferred dternative for disposa of UDM, congsting of four Confined Aquetic Disposal (CAD) Sites.

The DEIR recommendsasingle preferred dternative, with four aguatic disposa locations. Public comment
will be invited on this DEIR in full compliance with the regulations implementing the Massachusetts
Environmenta Policy Act (MEPA). The preferred dternative will be evauated by additiona Ste specific
andydgsin the Find Environmenta Impact Report (FEIR).

The Gloucester Harbor DMMP provides a mechanism for baancing existing and future needs for the
disposal of UDM associated with the maintenance or improvement dredging of harbor fecilities while
maintaining existing environmenta resources. Theframework establishedin the Gloucester Harbor DMMP
provides technicd information in support of the harbor management gods of the City of Gloucester and
the sound management of Gloucester’ s environmenta and maritime economic resources.

1.2.1 DEIR Development Process

The Gloucester Harbor DMMP DEIR was developed in close coordination with a working group
representing diverse local interests. This group, the Gloucester Harbor Dredging Subcommittee, was
gppointed by the City as a subcommittee to the full Harbor Planning Committee, and now to the Harbor
Pan Implementation Committee. Four (4) presentations and nine (9) working meetings and two (2)
screening meetings on the management of dredged materid were held with the Gloucester Dredging
Subcommittee. In addition to the above, six (6) meetings were held with various recreationd and
commercid fishing interests to gather further loca input on thelr understanding of the Gloucester Harbor
and surrounding waters (Massachusetts Bay) marine environmen.

This project has also been coordinated closdy with State and Federal regulators with review jurisdiction
over the disposd of UDM. Reviewing agencies have been involved at key project milestones, and their
commentsaccordingly incorporated. Thisearly coordination hasbeen essentia in devel oping the preferred
dternative put forward in this report.
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1.2.2 Public Comment Process

This DEIR represents a key milestone in the MEPA (Massachusetts Environmenta Policy Act) review
process for public comment. Upon notification of receipt of this DEIR by the Secretary of Environmentd
Affars in the Environmental Monitor, there will be athirty-seven (37) day review period from the date
of notification of the availability of the report. MCZM will coordinate with the City if an extension of the
comment period isnecessary. Commentson the Gloucester Harbor DMM P should bedirected to MEPA:

Secretary

Executive Office of Environmentd Affars
Attention MEPA Office

EOEA No. 11534

251 Causeway Street, Suite 900

Boston, MA 02114-2150

All comments made on the Gloucester Harbor DMMP DEIR will be addressed in the Find Environmenta
Impact Report (FEIR), cons stent with MEPA' spurpose* to provide meaningful opportunitiesfor thepublic
review of potentid environmenta impacts’ associated withthe project. MCZM will continueto coordinate
closely with the City in the development of the FEIR to provide opportunities for public involvement.

1.2.3 Purpose and Need

The purpose of the DMMPfor Gloucester Harbor isto identify, eva uate and permit, within the upland and
aquatic Zones of Siting Feasibility (ZSFs) for Gloucester Harbor (see Figures 1-2 and 1-3), dredged
materid disposa Stes or management methods for the disposal, over the next twenty (20) years, of
dredged materid unsuitablefor unconfined ocean disposa. Thelack of practicable, cost-effective methods
for the disposal of dredged materia unsuitable for unconfined ocean disposd in an environmentaly sound
manner has been along-standing obstacle to the successful completion of dredging projectsin Gloucester
Harbor and other harbors throughout the Commonwedlth.
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e 50-mile Upland Zone of Siting Feasbility
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Figure 1-2: Upland Zone of Siting Feagbility
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Figure 1-3: Aquatic Zone of Siting Feasbility
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Based on dredging records collected in the Massachusetts Navigation and Dredging Management Study
that was completed by the USACE for the State of Massachusetts (USACE 1995), atotal of 1,178,370
cubic yards (cy) of materid has been dredged from Gloucester Harbor and the Annisquam River since
1932. Much of this volume was dredged prior to 1966, when the federal channel and anchorage areas
were created. Additiona dredging in the harbor since construction of the channd has included USACE
maintenance dredging, projects performed by Massachusetts Department of Environmental Management
(DEM) at various locations, city dredging and many private dredging operations.

The volume of sediment to be dredged from Gloucester Harbor over the next twenty years has been
estimated through surveys conducted by the USACE (1996) and Maguire (1997). The dredged materia
volume estimates are needed to identify, plan and permit a disposd ste(s) with sufficient long-term
capacity to accomodate the needs for Gloucester Harbor.

The tota volume of sediment to be dredged from Gloucester Harbor over the next 20 yearsis estimated
at 514,440 cy. Thisfigure includes a 20% contingency added to the surveyed volume to account for any
uncertainty in the volumes provided by the marineusers. Thevolumes presented in the sub-sectionsbelow
are without the 20% contingency.

During the 1997 survey, dl shordinemarinaowners, municipdlities, utilities, sate and federd agencieswere
contacted viaamail-back questionnaire, with follow-up telephone calsto non-respondents. Marineusers
were asked to complete a questionnaire, denoting dredging footprints, volumes, and anticipated time
schedule over the next 20 years. There were over fifty facilities (i.e. marinas, basins, channds) identified
in the inventory, but not dl facilities identified a need to dredge. The maintenance dredging of the
Annisquam River isthe largest project. The USACE has dated that the River isin need of maintenance
dredgingimmediately. The Annisquam River issubject to heavy sltation and, on average, requiresdredging
every 8years. Therefore, over the DMMP s 20-year planning period, an additional round of maintenance
dredging has been included in the inventory. The inventory represents a planning estimate based upon
reported need. Neither the inventory nor the DEIR establishes alist of projectsthat will or will not (by
their absence from the inventory) be dredged.

Dredging of private marinas comprises a sgnificant portion of the totd materid to be dredged from
Gloucester (Figure 1-6). However, there are no maintenance or improvement dredging projects planned
for the Gloucester Harbor federa channd and anchorage aress. Inthe origina dredging inventory (1997),
a proposed deepening of the federal channel from 20 feet to 26 feet was identified as a potentia project
involving 427,000 cy of dredging in the entrance channd, north channel and anchorage area.  Further
federd and city review has determined that this dredging is not necessary to support current harbor uses.

Given the assumptions presented above, it is estimated that gpproximately 276,000 cy of sediment to be
dredged from Gloucester Harbor over the next 20 yearswould be UDM. For planning purposes, a20%
contingency has been added to the unsuitable volumeto arrive a avolume of approximately 333,000 cy.
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UDM Volume by Category
Gloucester

Federal
93,600 cy
34%
Private
145,400 cy
City/State 53%
36,700 cy

13%

Figure 1-4: UDM Volume for Gloucester by Project Type
(does not include 20% contingency)

Table 1-1. Dredged materid volumes (cy) for Gloucester Harbor for next 20 years

Inventory Inventory Total Suitable Dredged Material? Unsuitable Dredged
Total with Contingency® with Contingency Material® with
Contingency
428,700 514,440 183,600 330,840
Notes:

! Contingency is 20%
2 Quitable for disposal & MBDS
3 Not suitable for disposd a MBDS

Depending on the sdection of disposa type (upland, aquatic) and location, there may be an additiond
volume of UDM. For example if a CAD cdl footprint contains UDM, then the volume of materid
excavated for the creation of the CAD cells would aso have to be managed as UDM. This scenario is
discussed in greater detail in Section 8.0. To put the amount of UDM into perspective, 330,840 cy would
cover approximately 205 acres to a thickness of one foot or cover the State Fish Pier to a depth of over

sixty feet high.
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1.2.4 Alternative Disposal Sites

1.2.4.1 Universe of Sites

Possible geographica locations to implement upland and aquatic disposa dternatives for UDM  were
investigated within the upland and aguatic ZSFs defined for the Gloucester Harbor DMMP. Thelogistical
bass for each ZSF, described below, established a reasonable search area to develop the universe of
potentia disposa locations. A description of the development of the upland and aguetic universe of Sites
consdered for the Gloucester Harbor DMMP follows.

Upland Universe

The Upland ZSF was established based upon areasonable truck travel distance from Gloucester Harbor.
A 50-mileZSF (Figure 1-2) was established becauseit isthe maximum distance atruck could travel to and
fromthe dewatering Stein anorma 8-hour working day. Thisincluded thetimefor loading and offloading
at the dewatering Site and disposa Site, respectively. The Upland ZSF includes: most of eastern and
southeastern Massachusetts, extending asfar west in central Massachusetts as 1-495;and most of the New
Hampshire coadlline to the north. Commercid landfills within these states were aso investigated.

All possible upland disposal Sites, 1,123 total, were identified by locating areas that could physicaly
accommodate the UDM volume estimated in the DMMP Phase | inventory report. The purpose of this
effort wasto identify the largest possible universe of potentid sitesfor analyss. Thelocations evauated for
this effort included dl existing landfills (commercid and private), other areas identified by previous upland
evauations (MWRA, Boston Harbor, etc.). In addition, a statewide announcement for interest from
landowners to accept the UDM was conducted to complete the comprehensive search for possible Sites
within the Upland ZSF. No detailed environmenta or socioeconomic assessmentswere performed at this
leve.

Aquatic Universe

The Aquatic ZSF for Gloucester was defined based on reasonable trangit distances from the dredging
projects, locdl jurisdictional boundaries, and evaluation of restricted use areas such as marine sanctuaries.
Based on the trangit distance criteria, the Aquatic ZSF was defined by an arc extending 10 nautica miles
(nm) (12 mi) from the entrance of Gloucester Harbor (Figure 1-3). Ten nm represented a reasonable
distance to permit two round tripsfor adisposa bargetowed at lessthan 5 knotswithin a 12-hour period.
Sites consdered further away would place an unreasonable operationa cost on projects in the Port of
Gloucester, particulaly smdler dredging projects. In addition, the zone south of 10 nm has been
extendvely screened as a result of the Boston Harbor Navigation Improvement Project (NAE and
Massport 1995). The Aquatic ZSF in Gloucester dso was bounded southerly by the Nearfield Monitoring
outfdl. To the east the Aquatic ZSF was redtricted by the limits of the basdline of the territorial seabased
on state jurisdiction and the regulatory oversght of Section 404 CWA (40 CFR Part 230.2[b]). Finaly,
the Aquatic ZSF waslimited to the south by the M assachusetts Water Resources Authority (MWRA) Deer
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Idand Wastewater Trestment Plant outfall difuser field and the” ...reasonabl e distance to permit two round
trips for adigposa barge towed at less than 5 knots within a 12-hour period” criteria of 10 nm.

Withinthe Aquatic ZSF, atota universe of 41 potentid siteswereidentified. Potential Steswereidentified
by defining areas with suitable bathymetric depressions and/or indications of a depositiona area (i.e.,
containment areas not susceptible to sorm wave currents) and existing navigationd projects. Again, no
detailed environmenta or socioeconomic assessments were performed &t thisleve.

1.2.4.2 Screening Process

The goa of the DMMP screening process was to identify the most appropriate stes for the disposd of
UDM. There were no numerical thresholds thet identified the “best” dte; rather, the DMMP screening
processwas a relationa comparison among potential Stesand types by which adetermination was made
regarding which siteis“ better” than another. Therefore, the screening process was designed to assess a
wide range of potentia Sites and then, through sequentid andysis, continudly narrow the list until only the
most gppropriate sites remained. The most appropriate Steswere determined to be those that meet locdl,
state and federal permitting standards, are cond stent with Gloucester’ s harbor planning objectivesand are
capable of being implemented at reasonable cost.

The DMMP screening process consisted of three primary steps:

. Initial screen for feasibility
. Application of Site selection screening criteria
. Identification of preferred aternatives

Initial Screen for Feasibility

From the universe of potentia stes, MCZM applied ascreen for feasibility and diminated Stesthat were
clearly not suitable for disposa of dredged materid. Sites were screened out because of the surrounding
land uses (for upland sites), lack of protection from erosive bottom currents (aquatic Stes), lack of access
for the disposal type, or insufficient capacity asdiscussed in Section 4.0, aternative trestment technologies
were evauated for capabilitiesand logistical requirements of the process equipment, current and projected
costs. Because new technologies are evolving, dternative treetment technologies are carried forward as
an “open” category where practicable technologies will be assessed asthey emerge. Sites that were not
feasble digposd options were permanently eiminated from further consderation in this DEIR. Feesible
gteswere identified as Candidate Sites.

GLOUCESTER HARBOR DMMP DEIR 1-9
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Application of Screening Criteria

In preparation for Site selection screening, MCZM devel oped Site selection screening criteriabased onthe
United States Army Corps of Engineers (USACE) Providence River Draft Environmenta Impact
Statement (USACE, 1998). The development of these criteria was coordinated with local, state, and
federd agenciesfor concurrence. Site selection criteria were the standards by which the candidate Sites
were evauated.

Site sHection criteriawere distinguished as either “exclusonary” or “discretionary”. Exclusonary criteria
reflect a state or federd prohibition on dredged materid disposd. For example, Stellwagen National
Marine Sanctuary regulations prohibit dredged materia disposa within the sanctuary. Had any candidate
gtes been dtuated within sanctuary boundaries (none were), this exclusonary criterion would have
prohibited further evaluation of that ste. Discretionary criteria are those that determine, when gpplied as
a group, which gtes are least or best suited for dredged material disposd. For example, the potentia
impacts to finfish spawning or nursery habitat were evauated under discretionary criteria: the presence of
such habitat in a candidate Site would not automatically exclude the ste from further consderation, but
would identify thet Site as less desirable than one in which such habitat was absent. The application of
various discretionary criteria was the main component of the screening process, and it wasthe process by
which sites were compared, using the quantitative, Ste-specific information and regiond characterizations
to make a quditative decison —which Ste was “best”.

To determine whether a given ste indluded the exclusionary criteriaand to determine how it compared to
the discretionary criteria, Site specific information was developed. Data sheets were developed for each
candidate Site, listing the environmenta, socid, poalitica, and economic features of the Site.

Candidate Stes were screened under the exclusonary criteria. Those that failed were eliminated from
further review. Sites that do not have features that are exclusonary became Potentid Alternatives.
Potential Alternativeswere, then, reviewed using the discretionary criteria. Each Potential Alternative was
assgned a rdaive ranking. Sites having significant limitations received low rankings, Stes with fewer
limitations recaived higher rankings.

The result of the screening process was a continuum of Sites, from least to most gppropriate for each
disposal type evaluated. The least appropriate Sites were categorized as reserve Sites, and, asthe name
implies, were carried forward in reserve, but subjected to further andlysis. More gppropriate Sites for
dredged materia disposa were categorized as Proposed Preferred Alternatives. Proposed preferred
dternatives were presented to the City and federal agenciesfor comment. Results of the former, resulted
in refining and the identification of the Preferred Alternatives Stes  The DMMP Disposd Site screening
processis shown in Figure 1-5.

The Gloucester Harbor DMMP DEIR investigated the potentid for the trestment of UDM with dternative
trestment technologies to create materia for beneficia uses, disposa in upland and aguatic locations.
Additiondly, the DMMP evad uated potential dewatering Sites, critical to implementing dternativetreatment
technologies and upland disposd options. The following sections summearize the results of the dternative
technology assessment, dewatering, upland and aguatic Site screening.
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Alternative Technology Assessment

Alternative trestment technol ogies involve the trestment of UDM, using one or more processes, to allow
for reuse of the sediment in asafe manner in the upland environment or for unconfined open water disposd.

There are four genera types of treatment technologies, categorized based on their effect on the
contaminants of concern within the sediment:

. Destruction; the remova of contaminants from the sediment via physicd, chemicd or biologica
ents;
. aS“(:’aparati on; the process of removing contaminants from the sediment resulting in a concentrated
resdud of contaminated sediment of Sgnificantly smdler volume;
. Reduction; the process of reducing the amount of contaminated dredged materia that requires
trestment by screening sedimentsinto various particle szes, and
. I mmobilization; the fixing of contaminantsin the dredged materia which keeps the contaminants

from being released to the environment.

Fourteen (14) classes of treatment technologies were evauated within the four broad categories listed
above, involving a comprehendve survey of technology vendors. The results of the dternative trestment
technology assessment indicate that, at this time, aternative treatment technologies do not appear to be
apracticable solution to the management of UDM from Gloucester Harbor, primarily based upon cost
effectiveness and market for materias.

However, dternative trestment technologies may prove viable for smal projects, those that deal with
unique and/or specific type(s) of contaminant(s), or asan e ement of alarger UDM management technique.
Alterndtive trestment technologies are a rapidly growing and evolving field and it is very likdy that as
ongoing and future pilot and demondration projects occur, the universe of technicdly viable,
cost-competitive, and permittable aternatives may emerge.

For this reason, the DEIR carries forward dl dternative trestment technologies as "potential future
dterndives’, and specifies the various generd performance standards which dternative treatment
technologies must meet to be considered asa practicable aternative (see Section 4.5 for adiscussion of
Beneficid Use Determination (BUD) process). This flexible approach will provide a basdine from which
proponents of aternative treatment technol ogies can develop and present specific, detailed proposds, and
will dlow the state to focusitsreviews on potentialy practicable proposas. Thisapproachisbased onthe
Boston Harbor EIR/EIS. The DMMP will reevauate, on afive year cycle, the feashility of dternative
trestment technologies for UDM in Gloucester Harbor and other harbors throughout the Commonwedlth.

Dewatering Stes

All upland disposal/reuse and mogt dternative trestment technol ogiesrequire ashore-front Ste of adequate
sze and availability to dewater dredged materid prior to transport to an upland Site. A total of thirty-eight
(38) potentid dewatering stes were identified dong the shoreline from Manchester-by-the-Sea, north to
Rockport. The universe of dewatering sStesis shown in Figure 1-6.
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As with the aquatic and upland sites, the 38 candidate dewatering sites were subjected to a two tier
process involving the initid screening for exclusonary dte factors and a second tier screening for
discretionary factors. The exclusionary factors only gpply to the harbor sde Site requirements, al other
criteria are discretionary. The minimum Ste arearequired for aDMMP dewatering Site was estimated to
be 3.2 acres. This estimate was based on practica application of DEP policies and guidance, and a
minimum project size of 10,000 cy. None of the 38 sites were of sufficient Size, nor were the sites
practicable for dewatering dredged materid.

Upland Stes

Upland reuse and disposd dternativesinvolve the placement of UDM onland. The site can potentidly be
an exiding active or inactive landfill, or an undeveloped parcd of land. Dredged materia can potentidly
be used asdaily cover or grading/shaping materia for landfills, provided the materid meetsthephysica and
chemica specificationsfor such use. Dredged materid placed on an undeveloped parcd of land could be
managed as amonafill (landfill for dredged materid only), or could be used asfill or grading materid that
has a beneficid end use (e.g. bdl fieds, golf course), provided the physica and chemical properties of the
dredged materia permit such use. There are currently no regulations in Massachusetts, which specificaly
apply to thedisposa of dredged materid in the upland non-landfill environment. Useat active and inactive
landfills is based on the requirements and procedures described in DEP Policies COMM-94-037,
COMM-97-001 and the July 17, 2000, “ Guiddinesfor Determining Closure Activitiesa Inactive Unlined
Landfill Stes*. Mondfillsfor dredged sediment are currently regulated under the Commonwedth’s Solid
Waste Management Regulations at 310 CMR 16.00 and 19.000).

The tota universe of upland sites was subjected to aninitid feasibility screen that evauated the Ste for a
minimum capacity 10,000 cubic yards, and its compliance with setback requirements specified in the Solid
Waste Regulations. These factors dictated a minimum sSite size of twenty-five (25) acres. A totd of 270
gtesintheupland universewere smdler than 25 acresand werediminated, leaving atotd of 853 candidate
digposd stesfrom aninitia universe of 1,123 Stes.

These remaining 853 sites were then subjected to an exclusionary screening, based on factors that would
effectivdy prohibit disposd of UDM based on gate or federa laws, including the presence of: rare or
endangered species; historic or archaeological stes or didtricts; and drinking water supplies. A total of
eleven(11) upland steswithin the Gloucester upland ZSF passed the exclusionary screening process. One
potentia Sitejust outsidethe ZSF boundary wasaso carried forward. Thesestesareillustrated on Figure
1-7.

Additiona discretionary screening factors were gpplied to the remaining 11 stes, including: groundwater
and surface water quaity; wetlands, accessbility; area of impact; duration of potentia adverse impacts,
habitat types, terrain; floodplains, agriculturd use; ability to contain; potentid for odor/dust/noise impacts;
consstency with local, regiond and state plans, ability to obtain permits; and cost. After the gpplication
of the discretionary screening criteria, none of the twelve (12) Sites were considered potentid preferred
dternatives.

1-14 GLOUCESTER HARBOR DMMP DEIR
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Agquatic Stes

Two generd types of aquatic disposa Sites were evauated for the Gloucester Harbor DMMP: confined
aguatic disposa (CAD) and confined disposd facilities(CDF). A CAD isan underwater Stewhere UDM
is deposited and then covered (capped) with a layer of clean materid to isolate UDM from the
environment. A CDF isan aguatic Stethat istypicaly an extenson of land with congtructed walls on the
three remaining Sdes. There are three genera types of CADs evauated in this DEIR:

Confined aguatic disposa/over dredge (CAD/OD) site: an existing navigation channd is over
dredged to a depth sufficient to accommodate both avolume of UDM and acap of clean materia
without interfering with navigation (Figure 1-8).

Openwater CAD ste: CAD cdl is constructed on the ocean bottom, or UDM is deposited in an
existing depression in the ocean floor (Figure 1-9).

Adjacent to channd (ATC) site: a CAD cdll condtructed in an area immediately adjacent to a
navigation channel, where the ocean bottom may be previoudy disturbed or degraded due to the
proximity of the navigation channd and channd dredging activities.

Confined disposal facility (CDF): a CDF gite is constructed by building a wall seaward of an
exiging land feature and backfilling behind the confinement wall with dredged materid. Typicd
end-use of such facilities include port expansion and open space land cregtion (Figure 1-10).

Tidd Habitat (TH): a TH steisa CDF tha dlowstida influx, via culverts, over acontained area
of dredged materid. TH sitescan be designed to create mudflat or coastal wetland (Figure 1-11).
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A multi-step Siting processwas used to identify and screen aguatic disposal Stesfor UDM from Gloucester
Harbor. Thefirst sage of the Sting process was to define the range of disposal options by delinegting a
ZSF for Gloucester Harbor (Figure 1-12). The technica description and rationale for delinegtion of the
ZSF isfully described in Section 4.8.3.1.

A universe of digposa dtes was identified within the ZSF, based primarily on physica characteristicsand
the potentid ability to contain UDM. Additiond sites were added at the suggestions of the City Harbor
Panning and Dredging Committee. There were atota of 36 Sites at this stage of the screening process
(Figure 1-13).

Next, the containment potentia and capacity of these sites were assessed in detail, which resulted in a
reduction of candidate Stes from 36 stesto 25 possble stes (Figure 1-13). Sitesthat were: 1) located
in erosona or reworking zones, 2) in areas subject to erosve forces limiting containment potentid, or 3)
in regions that provided limited capacity were diminated from further consderation.

The 25 candidate Sites were then evaluated based on a series of discretionary criteria. They include
consderations of fisheries, shellfish habitat, coasta wetlands, navigation, and othersas described in Section
4.8.2. Thesefactors, when applied to the Sites, do not necessarily result in Stesthat are prohibited from
recaiving UDM. Rather, they help identify which Stes are more conducive to accepting UDM than others.
Application of the discretionary criteriato the candidate Stes resulted in a* short-list” of thirteen potentia
disposal sites (Figure 1-14).

The thirteen potentid disposa Stes underwent a more detailed review using the aforementioned
discretionary factors. In particular, water depth, presence/absence of submerged aquatic vegetation,
proximity to inter- and subtidal resources, and ability to obtain apermit, werethe key discretionary criteria
that resulted in some Sites being placed in reserve satus. Thisresulted inanarrowing of thirteen potentia
disposa sitesto six proposed preferred disposal sites (Figurel-15).

The six proposed preferred disposa sites underwent additiona detailed study, using the discretionary
criteria. Thesegites, and the processthat resulted in the selection of these Sites, were presented to the City
and federd regulatory agencies for review and discusson. See Section 1.2.6 for discusson of the
identification of the preferred dternative

Summary of Disposal Alternatives Evaluated

Alternative trestment technol ogieshold promisefor future applications, but do not currently appear capable
of accommodating large-scale volumes of dredged materid. While the conceptud benefits of dterndtive
trestment technologies are Sgnificant (using dredged materia as abeneficia resource, not dispoang of as
waste), the inability of aternative treatment technologies to overcome the practica issues of cog,
production rates, Sde-stream emissons and end-market uses limits the current applicability for this
dternative. The potentia gpplication of solidification/stabilization technology for dredged materid is
discussed fully in Section 4.5.
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Upland disposal and beneficid reuse dternatives did not become preferred dternatives due to limited
capacity, practicability and/or cost. While two upland sites have significant capacity, the practicability of
dteuseislow and the cost ishigh. The limited cgpacity of the remaining Stes render them impracticable
as dterndives.

Aquatic disposd dgtes fdl into three generd categories. degp-water stes, Sdem Harbor sites, and
Gloucester Harbor sites. Deep-water Sites were screened out because they were subject to erosiond
bottom currents or because of the likelihood of sgnificant impacts to groundfish resources and fisheries.
Sdem Harbor stes were screened out for lack of practicability (limited capacity for non-Salem materid,;
gteusefor Gloucester materia conflictswith the Sdem Harbor Plan, which establishesaprohibition against
use of Sdem dtes for non-Sdem materia). Gloucester Harbor sites were carried forward through the
screening because they are practicable (close to the harbor; in the genera area of exigting contaminated
sediments), cost-effective, and have associated environmenta impacts that are temporary and can be
mitigated.

1.2.5 ldentification of the Preferred Alternative

The relative merits of each proposed preferred disposal Site for accepting UDM were evauated by
comparing existing information and ste-specific fiddd data  The proposed preferred dternatives were
presented to the Gloucester Harbor Dredging Subcommittee at a meeting held in Gloucester in January,
2000. Thisresultedin the selection of apreferred aquatic disposa dternative (Figure 1-16). G-Cdll-5and
G-Cell-6wererdegated to reserve statusfor severa reasonsincluding: lack of capacity, possible hindrance
to navigation in narrow draitsto Smith Cove, and potentid impactsto intertida resourcesin Smith Cove.
The remaining 4 areas (G-Cdlls 1 through 4) comprisethe preferred dternative. All four of theseareasare
needed to accommodate the anticipated dredging volume of 330,000 cy over the next 20 years.

Potential Environmental Impacts and Mitigation Measures

This section summarizes the potentid environmenta impacts and proposed mitigation measures for each
of the Preferred Alternative aquatic disposa sitesfor the Gloucester Harbor DMMP. A detailed analysis
of project impacts is included in Section 6.0 of this document. Sections 8.0, 9.0 and 10.0 include a
discusson of congtruction/management issues and potentid mitigation measures for the Preferred
Alternatives. Theresultsof theandyssconducted to assessenvironmenta impactsand potentid mitigation
messuresfor the preferred aternatives are summarized in Table 1-2. In Table 1-2, specific environmental
features are contrasted with the “no action dternative’, the dternative of not undertaking the project, to
provide abasdine for comparison. The no action dternative is described in Section4.2.  Both impacts
and mitigation measures are grouped by screening criteria for the no action dternative and preferred
dternative disposa Sites.
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Table 1-2: Potentid environmenta impacts and mitigation measures for the aguatic disposa
preferred dternative: G-Cell-1, G-Cell-2, G-Cédll-3 and G-Céll-4

AQUATIC SITES: G-Cdl-1, G-Cdl-2, G-Cédll-3and G-Cedll-4

Environmental Feature

No Action Alternative

Impact/Mitigation M easures

Sediments

No Impact

Impact: Change in substrate conditions, from soft silt
to sand.

Mitigation: Recessfinal cap material elevation relative
to existing elevation in order to encourage active
sedimentation over cap if necessary.

Sediment Transport

No Impact

Impact: no permanent impact
Mitigation: none required

Water Quality

No Impact

Impact: Short term localized, degradation (e.g.
increased turbidity) due to dredged material disposal;
Monitoring to ensure compliance with water quality
standards

Mitigation: Disposal only during favorabletidal
conditions to minimize impacts.

Benthos

No Impact

Impact: Mortality of some benthic organisms. Change
in substrate conditions will favor organisms that
prefer sand.

Mitigation: Recessfinal cap material elevation relative
to existing elevation in order to encourage active
natural sedimentation over cap, prompting natural
recolonization of benthos, if necessary.

Shellfish

No Impact

Impact: No impact to known shellfish beds (field
verification required for G-Cell-4).

Mitigation: Avoid disposal under high turbidity
conditions (e.g. unfavorable weather/tidal conditions)

Lobsters

No Impact

Impact: No impact to sedentary (early benthic phase)
life stages. Juveniles and adults will survive by
moving from disturbed area. Some mortality will occur
during dredging and disposal.

Mitigation: Per consultation with DMF and NMFS

Submerged Aquatic
Vegetation

No Impact

Impact: No resources within disposal site
Mitigation: None Required

Wetlands

No Impact

Impact: No impact to Federally designated wetlands.
Impact to State-designated Land Under Ocean from
cell construction and disposal activities

Mitigation: Allow natural sedimentation of cap.
Natural benthic recolonization expected.

GLOUCESTER HARBOR DMMP DEIR
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Table 1-2: Potentid environmenta impacts and mitigation measures for the aguatic disposa
preferred dternative: G-Cedll-1, G-Cdll-2, G-Cdll-3 and G-Cell-4 (continued)

AQUATIC SITES: G-Cdl-1, G-Cdll-2, G-Cdll-3 and G-Céll-4 (continued)

Environmental Feature No Action Alternative

Impact/Mitigation M easures

Finfish No Impact

Impact: Seafloor habitat will be disturbed. Potential
impact to early life history fishes.

Mitigation: Time disposal activitiesto avoid peak
spawning periods and other sensitive life stages.

Wildlife No Impact

Impact: No impact to shorebird, waterfow! or seabird
breeding habitat. No impact to shorebird foraging
habitat. Minimal impact to waterfowl, and seabird
foraging habitat. No impact to marine mammal and sea
turtle breeding or foraging habitat.

Mitigation: None Required

Endangered Species No Impact

Impact: No impact to known endangered species
habitat at disposal site
Mitigation: None required

Lobstering No Impact

Impact: Lobster habitat will be disturbed at the
disposal sites. Lobstering will be disallowed at the
sites during disposal.

Mitigation: Per consultation with DMF and NMFS.

Recreational Fishing No Impact

Impact: Fishing in an near disposal cellswill be
affected during dredging and disposal dueto fish
movement outside the disturbed area.

Mitigation: Construction activitiesto occur outside of
peak fishing season.

Navigation and Shipping Lack of disposal site
may limit dredging
activity which will lead
to shallower water
depths, affecting safe
navigation and

reducing moorings

Impact: Potential interference with commercial fishing
industry shipping.

Mitigation: Timing of disposal and cell construction
activitiesto avoid ship movements.

Land Use Lack of disposal site
may lead to loss of
water-dependent uses,
changing land use
patterns, impose
limitations on future
economic diversifica-
tion based on

commercial shipping

Impact: No direct impacts; Positive indirect impacts
resulting from maintenance of existing land use
patterns and maintenance of options for future
economic growth based on commercial shipping.
Mitigation: None required

Consistency with Gloucester
Harbor Plan

Lack of disposal siteis
not consistent with
Harbor Plan

Impact: Positive; disposal siteis consistent with
Harbor Plan objectives.
Mitigation: None required
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Table 1-2: Potentid environmental impacts and mitigation measures for the aguatic disposa
preferred dternative: G-Cdll-1, G-Cdll-2, G-Cdll-3 and G-Cedll-4 (continued)

AQUATIC SITES: G-Cdl-1, G-Cell-2, G-Cédll-3 and G-Cell-4 (continued)

Environmental Feature

No Action Alternative

Impact/Mitigation M easures

Air Quality/Noise/Odor

No Impact

Impact: AQ - temporary diesel emissions;, potential
volatilization of organic compounds; Noise -
temporary increase in disposal site noise levels; some
increase expected at nearby land side receptors; Odor-
potential odor impact from hydrogen sulfide
emanating from dredged material temporarily
stockpiled on barges.

Mitigation: AQ - use of properly operating equipment
and participation in DEP s Voluntary Diesel Retrofit
Program (VDRP), Noise- use of properly operating
and mufflered equipment, operation during daylight
hours; Odor- use limeto control objectionable odors
emanating from dredged materials

Historic/Archaeological
Resources

No Impact

Impact: Potential historic and archaeological
resources to be further investigated; impacts to
potential previously undiscovered historic
shipwrecks unlikely due to previous dredging
activities.

Mitigation: Possible discovery, recovery and/or
recordation

Recreation

No Impact

Impact: Recreational boaters temporarily diverted from
areaduring cell construction and disposal operations,
cell construction and disposal activities may drive
fish from nearby recreational fishing areas

Mitigation: None required
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Disposal Costs

In the DEIR, disposal costs were calculated for each of the preferred aternative disposal sites. The
average unit cost of disposal was cal cul ated to range between $42.92 to $45.64 per cy (total cost + UDM
disposal volume) of UDM. A range of values was caculated to take into account the potentia for the
footprints of G-Cdll-1 and G-Cdll-4 containing UDM. The cell congtruction unit costs caculated do not
indudethe cost of dredging and transport of UDM fromindividud facilities. Table1-3illustratesthe UDM
disposa volumes and costs of each preferred aternative disposa Site.

Table 1-3: Disposal capacities and costs of preferred disposal alter native sites

PREFERRED UDM DISPOSAL CELL CONSTRUCTION COSTS
ALTERNATIVE VOLUME
(Site Name) (cy) UNIT COST ($/cy) TOTAL COST
($ million)

G-Cdl -1 126,190 $39.13 - $41.95 $4.9-$5.3
G-Cdl -2 22,380 $60.49 $1.4
G-Cdl -3 22,575 $70.33 $1.6
G-Cdll -4 159,695 $39.17 - $42.81* $6.3 - $6.8
Total 330,840 --- $14.2 - $15.1
Average --- $42.92 - $45.64 ---

Notes:

1 Range of values calculated for G-Cell-1 and G-Cell-4 account for potential UDM within disposal footprints.

Lower unit cost assumes 0% UDM in cell footprint and higher value assumes 100% UDM in cell footprint.

Toillugrate the relative costs of disposa types considered inthe DMMP, estimated costs were calculated
to dispose of 1,000 cy of UDM for Gloucester Harbor for comparison purposes (Table 1-4). Therange
of unit costs caculated for the preferred dternative cells are less than the range of values caculated for
upland digposa and reuse of between $60 cy for grading/shaping materia to $117 for a new landfill to
dispose of UDM (see Section 4.7). The aguatic and upland disposal and reuse unit costs are directly
comparable, in that both vaues do not include dredging and are based upon disposa of volumes of UDM
identified in areas of potential dredging identified in the inventory.
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Table 1-4: Disposal Cost Comparison example for 1,000 cy of UDM

DISPOSAL TYPE UNIT COST? ESTIMATED
($ey) COST ($/1,000 cy)

Aguatic Disposal 2 $42.00 $42,000
Upland Disposal and Reuse - $60.00 $60,000
Shaping/Grading®
Upland Disposal and Reuse - Monofill® $117.00 $117,000
Alternative Treatment Technology* $99.00 $99,000

Notes:

1 UDM disposal costs only; does not include cost of dredging

2. Upper range of unit cost for G-Cell-4 (0-5 year planning horizon) used for aquatic disposal example.

3. Assumes reuse as grading/shaping material. Please note upland disposal of UDM may reguire amendment of

between 2 to 3 parts soil to 1 part of UDM.
4, Alternativetreatment technol ogy unit costisfor Solidification/Stabilization, theonly technol ogy demonstrating

potential feasibility for Gloucester Harbor UDM (see Section 4.5.5)

CAD Cdll Sequencing

In order to contrast the planning horizon UDM volumes requiring digposal with the preferred dterndive
disposal sites, cdll capacity cal culations were conducted to determine the extent of the predicted disposd
volumesoccupying the preferred dternative digposa Sites(see Section 8.0 for full description of conceptud
engineering conducted). By contrasting the ability of each disposd cdl to accommodate planning horizon
UDM volumes, the following potentid phasing sequence was devel oped:

. G-Céll-4 - FiveYear Planning Horizon

. G-Cell-1 - Ten Year Planning Horizon

. G-Ceéll-3 - Fifteen Year Planning Horizon
. G-Cell-2 - Twenty Year Planning Horizon

Currently, it isenvisioned that each of thefour disposa cellswould be open for one dredging season within
afiveyear window. Thedredging window, asspecified by DMF and DEP, isusudly from latefdl to spring
and is designed to avoid the sengtive life stages of important fish and shellfish species.  Therefore,
excavationof the cels, placement of the UDM within the cells, and capping of the cellswould likely occur
within aperiod of lessthan Sx (6) months.

Thefiveyear duration of each phaseisintended to provide ample notice of availability of adisposd facility,
providing facilitiesan opportunity to securethe necessary permitsand funding to conduct dredging projects.
This planned opening of a disposal facility on a regular basis should aso provide opportunities for
coordinating various harbor projects.
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The results of the conceptud engineering exercise and the disposal cdll phasing were presented to the
Dredging Subcommittee. Based on the Subcommittee’ sreview and discussion, the City’ s preference for
use of the preferred dternative disposal cdlsis asfollows:

. G-Ceéll-4 - Five Y ear Planning Horizon
. G-Cell-2 - Ten Year Planning Horizon
. G-Ceéll-3 - Fifteen Year Planning Horizon
. G-Cell-1 - Twenty Year Planning Horizon

Thefirgt scenario described aboveis based upon matching the projected volumes of UDM identifiedinthe
dredging inventory with the estimated cell capacities, based upon the current configurations. Both the
DMMP s and the City’s preference is to use G-Cdll-4 to accommodate the UDM volume identified for
the 5 year planning horizon, the planning horizon projection with the greatest leve of confidence. Asthe
DMMP movesinto the 10, 15 and 20 year planning horizons, the level of confidencein the projectionsare
less cartain. The City’'s preferred gpproach will determine the design and location of the CAD cdls as
additiond dite specific dataiis developed and out-year disposa volumes are determined.

Inthe FEIR, detailed Site specific datawill be collected for the G-Cdll Stes. These datawill be examined
and revised cell capacities will be calculated based upon ste-specific data and engineered designs. The
results of the finad design of the disposal cdls will take into account the City’s cdl phasing preference in
developing the both the configuration of the find dternative disposal cell footprints and the phasing
sequence proposed in the FEIR.

Required Permits and Approvals

Development of any of the preferred dternative disposal Steswill require permitsand gpprovasfromlocd,
date and federd regulatory agencies. Table 1-5 provides alisting of the required permits and gpprovas
for each of the three Preferred Alternatives. A complete analysis of the permitting requirements and
specific regulatory standards for each of the permitting and gpprova programsisincluded in Section 7.0
of thisDEIR.
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Table 1-5: Potentid local, Sate and federa permits and gpprovas

JURISDICTION

PERMIT/
APPROVAL

AGENCY

AQUATIC DISPOSAL

G-Cells, 1-4

FEDERAL

Section 10

Permit - Review of projects
in navigable waters of the
United States

Corps of
Engineers

Section 103

Permit - Approves transport
of suitable dredged material
to ocean disposal site

Corps of
Engineers

Section 404 Permit -
Determines compliance with
guiddines for discharges of
dredged or fill materialsinto
waters of the United States

Corps of
Engineers

STATE

MCZM Consistency
Concurrence - Evauation of
aproject’s consistency with
MCZM'’ s policies and
management principles

MA Coastal Zone
Management

MEPA Certification on
DEIR and FEIR -
Decisions of Secretary of
Environmental Affairson
DEIR and FEIR and
compliance with MEPA

MA Environmental
Policy Act

Chapter 91 License -
Approves
structures/activities below
mean low water mark

DEP: Division of
Wetlands & Waterways

Water Quality

Certification - Controls
impacts to water quality and
determines compliance with
state water quality standards

DEP: Division of
Wetlands & Waterways

LOCAL

Wetlands Order

of Conditions- Protection
of Wetland Resource Area
and compliance with WPA
performance standards.

Local Conservation
Commissions

Notes: Concurrence required for construction and operation of dewatering site. Structural or use changes associated

with harbor-side dewatering may require approval.
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1.2.6 Next Steps

The next key milestone in the DMMP Planning processis the development of the FEIR. After public and
agency comments are received on this DEIR, and incorporated into the scope of the FEIR, the next phase
of the DMMP will commence. The objective of study for the next phase for the Gloucester Harbor
DMMPisto callect, andyze, and report Ste-gpecific information regarding geologicd, hydrodynamic, and
biological conditions a the preferred dternative Sitelocations. Approval of these sitesby federd and sate
regulators, the City of Gloucester, and the generd public requiresthe collection of additiond environmenta
data to ad in the assessment of each Ste's suitability. In addition to the collection of Ste-specific
environmenta data, key management and policy issues will dso be evauated.

1.2.6.1 Disposd Site Monitoring Plan

A disposd ste management and monitoring plan (* management plan”) will be developed by a Technical
Advisory Committee (TAC) composed of local, sate, and federd interests. The purpose of amanagement
planis to determine the specific actions and responsibilities necessary to ensure that disposa Ste use
protects human and environmental health and resources. A management plan addresseswhere, when, and
how a disposal ste can be used, what kind of short and long-term monitoring will be required, and
edtablishes who isresponsiblefor every aspect of Ste use, management, and monitoring. The management
plan will dso determine what kind of materid can be safdy disposed of, and what testing may necessary
to determine the nature of the material proposed for disposa.

MCZM anticipates that comments from the City on this DEIR will recommend the appropriate local
membership for the TAC. For the recent dredging project in Boston Harbor, the management plan was
developed by a TAC composed of a core group of City representatives, state and federal agencies,
scientigsfrom UMASSand MIT, and environmenta interest groups, and was open to any members of the
public who wished to participate. This model may be appropriate to consder for Gloucester.

It isimportant to note that (1) thefind, gpproved management plan will bethe basisfor thelocd, state and
federal permits required for use of the digposd stes; and (2) no find gpprova for any digposa Sites will
occur until amanagement plan is developed, presented for public comment in the FEIR, and approved by
the City, state and federd regulatory agencies.

1.2.6.2 CAD Cdl Best Management Practices

MCZM isdeve oping Best Management Practices(BMPs) for CAD of UDM in Gloucester Harbor based
on the experiences and data from the Boston Harbor Navigation Improvement Project (BHNIP). The
BMPs will be developed to be applicable as 1) stand aone guiddines, 2) the basis for new dredged
materiad disposd regulations, and 3) the basisfor site management recommendationsinthe DMMP FEIR.
The BMPs will be developed to meet state and federal water quality criteria and standards under CWA
S. 404, 314 CMR 9.00, other gpplicable regulations.
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The BMPswill be desgned to be effective regulatory tools, where ‘ effective’ means:

. Appropriately protective of resources and uses,

. Cogt-effective;

. Yield unambiguous results to the maximum extent practicable;

. Contribute directly to performance review (decision-making); and
. Applicable by non-specidist regulatory agency daff.

MCZM is dso developing amode Water Qudity Certificate (WQC) building upon the experiences of the
BHNIP. This WQC will be applicable to future CAD projects for UDM. The WQC will include
provisons for basdine monitoring and monitoring both during and post congtruction. Boththe CAD BMPs
and model WQC are being developed in coordination with the gppropriate state and federal agencies.

1.2.6.3 Site-Specific Environmenta Data

The expected impacts of the preferred dternative disposal sites were evaluated in this DEIR based upon
the following: ste-gpecificinformation gathered during the DMMP process; previousstudiesof Gloucester
Harbor and the north shore region; studies done at other New England ports (e.g. Boston Harbor) and
disposa stes, and laboratory studies of the effects of dredging and related activities. While the selection
of the preferred aternativein thisDEIR issupported by the above data, the DEIR recogni zesthat additional
gte-gpecific information is needed to complete the MEPA process and subsequent federd and Sate
permitting. Thefollowing Ste-gpecific effortswill be undertaken in support of continuing the MEPA and/or
permitting processes to develop find engineered designs:

Geotechnica borings to confirm depth to bedrock and determine side dope sability;
Macrobenthic sampling and identification

Current meter measurements and basic water column chemistry

Dredging and disposa event moddling and hydrodynamic andlyss

Underwater archaeologica surveys

Physca and chemicd andlyss of G-cdl surficid sediments

DO OO OO

Alsointhe FEIR, the deve opment of long-term management strategy for UDM disposd will involvefurther
sudy of: /dte ownership/fees, Ste operationg/management, liability and insurance.
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SECTION 2.0- INTRODUCTION

INTRODUCTION

2.1 DEIR Organization

The organization of the Gloucester Harbor DMMP DEIR follows the framework established in MEPA to
fully explore dterndtives, and is organized into the following sections (see Figure 2-1).

Section 1.0 - Executive Summary, summarizes the report contents, lists the principa environmental
impacts of the dternatives and identifies mitigation measures to be implemented to mitigate unavoidable
environmenta impacts. This sectionaso indicates the stepsthat will be taken prior to developing aFEIR.

Section 2.0 - Introduction, presents the reader with the background of the DMMP planning process,
MEPA procedurd history and asummary of “scoping” and coordination involved in developing thisDEIR.
This section dso highlights the process of how issues of concern, identified by public input and agency
review, through the DMMP process have been identified and incorporated.

Section 3.0 - Purpose and Need, details the project’s purpose, and discusses the need for the project,
the relationship between the DMMP with the Gloucester Harbor port planning process, and adiscusson
of sediment quaity and quantity. This section identifies the planning volumes of UDM that will be used as
the required capacity basdline for this DEIR.

Section 4.0 - Alter natives Analysis, outlinesthe gpplication of the DMMP disposal Site screening process
and criteria. This section presents the evauation of potentid impacts and benefits associated with the
candidate Stesor dternativetrestment methodologies. Thissection detailsthe potential impactson specific
resourcesinthevicinity of thedigposa stesandinthe caseof aternativetechnologies, potentid side-stream
impacts associated with the implementation of specific trestment options.

Section 5.0 - Affected Environment, is a detailed description of affected environmentsin the vicinity of
the aguatic and upland candidate disposd Stes. This section presents a discusson of environmenta and
cultura resourceswhich will be affected by thedternativesfor UDM disposdl, providing abasdine against
which the impacts of disposd aternatives described in Section 4.0 can be analyzed in Section 6.0.

Section 6.0 - Environmental Consequences, evauates, in detall, the potentia impacts associated with
implementation of the preferred aternatives for upland and aquatic disposa. This section outlines the
culturd and environmenta impacts of aguatic disposd dternative G-Cell-1, G-Cdll-2, G-Cdll-3 and G-
Cell-4. Also contained in this Section is adiscusson of secondary impacts from anticipated dredging
projects for potentia impacts to wetland resources.

Section 7.0 - Compliance with Regulatory Standards, is an overview of the current regulatory
framework under which disposa of UDM occurs. This section describes the gpplicable regulations
asociated with implementing the Preferred Alterndtives.
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SECTION 1.0 - EXECUTIVE SUMMARY

y

SECTION 2.0-INTRODUCTION

y

SECTION 3.0 - PURPOSE AND NEED
Identification and information supporting the need for the project

v

SECTION 4.0- ALTERNATIVESANALYSIS-Application of the DMMP disposal site
screening process to eval uate potential impacts/benefits for candidate sites by disposal type.
Processis then applied across disposal types to identify preferred alternatives

Aquatic Sites | Beneficial Reuse | Upland Sites

r- 1
—»i PREFERRED ALTERNATIVES 4——

v

SECTION 5.0 - AFFECTED ENVIRONMENT - Detailed description of affected environments
of the preferred alternative aguatic disposal sites

v

SECTION 6.0- ENVIRONMENTAL CONSEQUENCES
Detailed evaluation of impacts/benefits for the preferred alternatives

v

SECTION 7.0 - COMPLIANCE WITH REGULATORY STANDARDS
Description of applicable regulations associated with preferred alternatives

v

SECTION 8.0- CAD ENGINEERING AND CONSTRUCTION

v

SECTION 9.0 - DRAFT DISPOSAL SITE MANAGEMENT PLAN

y

SECTION 10.0 - DRAFT SECTION 61 FINDINGS

y

SECTION 11.0 - RESPONSE TO COMMENTS

Figure 2-1: Gloucester Harbor DMMP DEIR organizational chart
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Section 8.0 - CAD Engineering and Construction, this section describes the basis for conceptual
enginering for CAD disposal of Gloucester Harbor UDM and a description of potential construction
sequencing associated with the implementation of the aquatic preferred dterndtive, as identified in this
DEIR. Included inthediscussion of the congtruction measures arethe steps necessary to minimize negative
environmenta impacts associated with the digposa of UDM in the marine environment.

Section 9.0 - Draft Disposal Ste Management Plan, discusses the issues of monitoring the Preferred
Alternativesfor long-term environmenta impacts and the management of operationsfor each disposd Site.
Management options discussed include experiences in other jurisdictions, generd liability issues, fees,
financing and generd operation.

Section 10.0 - Draft Section 61 Findings, are included as required by MEPA, to outline whether the
implementation of the Preferred Alternatives is likely to cause ether direct or indirect damage to the
environment. This section makes findings describing potentid environmenta impacts confirming thet dl
practicable measures have been taken to avoid or minimize potentid damage to the environment.

Section 11.0 - Response to Comments, isacomment by comment response to correspondence received
by the MEPA Office regarding the Gloucester Harbor DMMP ENF. The DEIR contains a copy of each
comment in a separate gppendix. Comments within the MEPA scope are addressed and restated in this
section, followed by aresponse. This section addresses dl agency and public comments received.

The Structure and content of the Gloucester Harbor DMMP DEIR is directly controlled by three primary
sets of regulations. At the date leve, the MEPA Scope that identifies the information that must be
evauated as part of the Ste identification process. This outline will ensure that the requirements of the
state’ senvironmentd policiesaremet. Atthefederd leve, the DEIR issubject to the provisonsof Section
404 of the Clean Water Act (Section 404), and to the Nationa Environmenta Policy Act (NEPA). The
Section 404 and NEPA outlines will ensure meeting the requirements of federa environmenta policies.

The fird task, then, was to integrate the requirements of these three authorities. To do this, previous
projects that have faced the same task wereinvestigated. First, Site selection processes used by the sate
to dte the Cape Cod Disposa Site (MADEM Generic EIR, 1992), and by the USACE and Massport to
gte the disposal cdlsfor the Boston Harbor Navigation Improvement Project (USACE & Massport Findl
EIR, 1996) wereevauated. Then, at the direction of the federal agencies, the process used more recently
by the Corpsof Engineersfor thefederal Providence River Navigation Project (USACE DEIR, 1998) was
asoexamined. After extendvediscussonwiththe stateand federd agencies, the screening process chosen
was modeled after the Providence River project, in large part because the federd agenciesreviewing this
DEIR have devel oped the Providence screening, and are therefore familiar with the logic of the document.

Thus, MCZM is using the Providence River document (with some modification to format) asthe template
for the outline and the logic of the screening process, and is overlaying the MEPA Scope, cregting the
substance of the document.
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2.2 Gloucester Harbor

Gloucester Harbor is located on the northern shore of Massachusetts, approximately 25 miles northeast
of Boston. The Harbor is the second largest fishing port in New England, second only to New Bedford,
andisamajor fish processing center. TheHarbor containsnumerous seafood dedlers, fish processors, and
associated businesses, including significant cold storage facilities, with the largest cold storage capacity on
the East Coast. Gloucester Harbor dso containsasizable recreationd boating fleet in the summer months,
and marinas and businesses which support recreationa boating. The Annisguam River, dso consdered
in Gloucester Harbor for this report, is used heavily by recreationa boaters, and contains a number of
recreational marinasand related businesses. Gloucester Harbor and the Annisquam River contain anumber
of authorized federd dredging projects, including various channels and anchorage areas. (USACE 1996)

Geographically, the Harbor can be described as two distinct segments, the Inner and Outer Harbor (see
Figure 2-2). The Harbor Plan describes the Inner Harbor consisting of the following primary aress.
Harbor Cove, State Fish Pier, East Gloucester Waterfront, and Smith Cove. Adjacent to downtown,
Harbor Cove isthetraditiona heart of Gloucester’ sfishing industry. This areais characterized by a mix
of indudtrid and commercia uses, and older finger piers. The State Fish Pier areais devoted to maritime
indudtrid uses. Uses dong the East Gloucester Waterfront area contain awide range of uses from homes
to boatyards servicing recreationd and fishing vessels. Dominated by residentid and tourist commercia
uses, the Smith Cove Areahasattracted visitorsto Gloucester for much of itshistory. The Western Harbor
of the Outer Harbor includes the waters edge dong Stacy Boulevard from the Fort to Fort Stage Park.
The remainder of the Outer Harbor areaiis generdly characterized by low density resdentia development
on the eastern and western shores (Icon Architecture Inc., 1999).

Founded in 1623, Gloucester is the oldest fishing community in America and one of its most beautiful
segports.  Situated on the northeastern coast of Massachusetts, Gloucester is a great import/export point
for both Canadian and European ports of cal. Direct connection to our interstate road system makes
Gloucester the most accessible over-the-road port in Massachusetts. Effective inter-modal transport
between al mgor Canadian and U.S. citiesis akey feature of Gloucester's segport.

Hidoricaly a fishing community, Gloucester gained notoriety and business when Clarence Birdseye
invented frozen packaging of fish and other food productsin 1925. Gloucester has devel oped into amgjor
import center for frozen seafood products and currently maintains thelargest cold storage port facilities of
any U.S. port.

Gloucedter is a port that concentrates on providing personalized service for smal vessel owners. The
harbor has two 300-foot vessel berths, one 600-foot berth, and one 800-foot berth. Available deep draft
of 16-20 feet dongsde the piers a mean low water and vessels of up to 300 feet in length can be
accommodated. Ship cargoes are loaded and discharged on atonnage basis seven daysaweek, 24 hours
aday. Vess turnaround time is generdly very short.

Efforts are underway to revitdize the use of the city's harbor and diversfy importing and exporting. Funds
are being dlocated for renovating the Gloucester State Pier to increase the number of berths and expand
the harbor's capahilities,
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Figure 2-2: Gloucester Inner and Outer Harbor Areas
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2.3  Background of theMCZM DMMP

The Executive Office of Environmentd Affairs (EOEA), through its office of Coasta Zone Management
(MCZM), isproviding technical assistanceto Gloucester in support of the City’ sharbor planning objectives
through the development of aDMMP for Gloucester Harbor dredged sediments. The development of this
Gloucester Harbor DMMP DEIR involved two project phases to address the critica issue of finding
environmentally sound and cost effective digoosd sites or methodologies for dredged materid unsuitable
for unconfined ocean disposa. The DMMP has atwenty year planning horizon.

To develop the DMMP, MCZM needed to do the following:

C Collect and andyze information on dredging needs, characteristics of the sediment, culturdl and
environmenta resources and available dternatives for treatment, reuse, and disposa of dredged
materia from the Gloucester Harbor areafor use in support of on-going port planning initiatives,

C Identify and characterize the range of reasonable adternatives for dredged materid reuse/disposal
and egtablish a framework for comparison of the dternatives as guidance for compliance with
MEPA.

Phase| of the DMMP, conductedin 1996 and 1997, included severd discrete tasks, the purpose of which
was to provide a basdine assessment of existing conditions related to dredging and dredged material
disposal for Gloucester. DMMP Phase | tasks were documented in areport (Maguire Group Inc., 1997a
and b.) and included:

. Summary Report - a synopsis of dredging volumes, sediment quality and potentia disposal
dternatives for Gloucester, Sdem , New Bedford and Fall River Harbors;

. Dredging Inventory - an update of the US Army Corpsof Engineersinventory of dredging demand
for Gloucester, Gloucester, New Bedford and Fal River Harbors;

. Bathymetric Surveys - areview and compilaion of existing bathymetric survey information in
Gloucester, Gloucester, New Bedford and Fall River Harbors;

. Alternative Technologies - an inventory and assessment of available treatment technologies for
contaminated dredged materid;

. Natural Resource Inventory - an inventory of al known fish, shellfish and wildlife resourceswithin

Gloucester Sound and Gloucester, New Bedford and Fall River Harbors;

. Aquatic and Near-Shore Disposal Site Analysis - an identification and description of potentia
confined aguetic disposal (CAD), confined disposal facility (CDF) and tidal habitat restoration sites
within Salem, Gloucester, New Bedford and Fall River Harbors;

. Upland Disposd Site Inventory - an examination of upland and reuse options for contaminated
dredged sediments;
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sep 2 Review DMMES rom e ports
|
Step #2 Phasel Inventory
|
Environmental Notification Form (ENF)
Step #3 Summary Explanation
|
Step #4 Draft Environmental Impact Report (DEIR)
|
Step #5 Agency / Public Comment
|
Step #6 Final Environmental Impact Report (FEIR)
|
Step #7 Agency / Public Comment
|
Step #8 Designate Preferred Alternative
|
Step#9 thr ougEIe:)(r:nailt, Zra?fee;rr:jdf':(;teerrarj] ?tgﬁlations
|
Step #10 Implement / Construct Preferred Alternative

Figure 2-3: Overview of DMMP Planning Process

GLOUCESTER HARBOR DMMP DEIR 2-7



SECTION 2.0 - INTRODUCTION

. Due Diligence- aninventory and datadescription of pollution sources and historic sediment quaity
information in Salem, Gloucester, New Bedford and Fal River Harbors,
. Prdiminary Geotechnical Invedigations - an inventory and assessment of existing geotechnical

information within Sdem, Gloucester, New Bedford and Fall River Harbors, and

. Sampling Plans - develop sediment sampling and testing plan for Gloucester Harbor dredging
projects.

The DMMP Phase | informationwas used to identify baseline conditions and datagaps, and served asthe
basis for the preparation of the MEPA ENF for the Gloucester Harbor DMMP.

Phase Il of the DMMP has focused on conducting the field work, research, and analysis necessary to
undertake a detailed assessment of the potentiad environmenta impacts associated with the dredged
materid disposal aternative(s) identified through the DMMP process.

The purpose of the DMMP for Gloucester Harbor is to identify, evauate and permit, within the Zone of
Siting Feasibility (ZSF) for Gloucester Harbor, a dredged materia disposal site(s) or methodology with
sufficient capacity over the next twenty years to accept dredged materia unsuitable for unconfined ocean
disposa from public and private dredging projects.

The lack of a practicable cogt-effective method for the digposal of UDM in an environmentaly sound
manner has been along standing obstacle to the successful completion of dredging projectsin Gloucester
Harbor. The disposa dternative Siting process has been closely coordinated with the City of Gloucester,
through the Dredging Subcommittee.

The Dredging Subcommittee was established by the Gloucester Harbor Planning Committee to servein
an advisory capacity to represent the interests of the Committee throughout the development of the
DMMP. Members of the Subcommittee included representatives of shipping and fishing interests, the
Conservation Commission, the Harbormaster, and the State Pier.

Coordination with loca port planning interests has also been a critical component of the development of
the Gloucester Harbor DMMP DEIR. The smultaneous development of both the DMMP and the
Gloucester Harbor Plan has aided the identification of the future dredging needs for the maintenance and
improvement in navigation within Gloucester Harbor and with the identification of potentia Stes for the
disposal of UDM.

This Gloucester Harbor DMMP DEIR identifies disposal dternatives with sufficient capacity to accept
dredged materia unsuitable for unconfined ocean disposa from public and private dredging projects.
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2.4  Massachusetts Environmental Policy Act (MEPA) Procedural History

The submission of the ENF for the Gloucester DMMP on March 13, 1998, started the officid MEPA
review process for the DMMP (a copy of the ENF is included in Appendix A). On April 24, 1998,
pursuant to the Massachusetts Environmental Policy Act (M.G.L. c. 30, ss. 61-62H) and the MEPA
Regulations (301 CMR 11.00), the Secretary of the Executive Office of Environmenta Affairs (EOEA)
made the determination that the Gloucester Harbor DMMP requires the preparation of an Environmenta
Impact Report (EIR). Becausethe project involvesthe potentia dteration of more than ten acresof Land
Under the Ocean (a resource area regulated under the Massachusetts Wetlands Protection Act, M.G.L.
c. 131, s. 40) and involves the use of state agency funding through the Seaport Bond Bill (Chapter 28 of
the Acts of 1996), the Gloucester Harbor DMMPs exceeded the “categoricd incluson” threshold at
Section 11.25(2) of the MEPA regulationsin effect in June 1998, requiring by regulation the preparation
of an EIR. (Under the current MEPA Regulations, promulgated in July 1998, the Gloucester Harbor
DMMP exceeds the 10-acre wetland resource area dteration “Mandatory EIR” threshold a 301 CMR
11.03(a)b. The Mandatory EIR thresholds contained in the July 1998 MEPA Regulations have replaced
the Categorical Inclusion thresholds from previous versons of the MEPA regulations.)

25  Scoping and Coordination Summary

The MEPA public*scoping” meeting was held at Gloucester City Hall on April 9, 1998. The meeting was
conducted by a representative of the MEPA Unit of the EOEA. At the mesting, the Gloucester Harbor
DMMP, asdescribed in the ENF, was presented and public comments were received by the MEPA Unit.

The Secretary’ SENF Certificate of April 24, 1998 (included in the front matter of this DEIR), establishes
the scope for thisDEIR. In addition to the DEIR subject matter outline contained in Section 11.07 of the
MEPA regulations, severa mgor issues were emphasi zed as subjects to be addressed in this DEIR:

. Sediment qudity and quantity andys's,

. | dentificationof disposd dternatives, including: dternative technol ogies and methodol ogies, upland
reuse/disposal; and aguatic disposd;

. A complete description of the screening of disposd dternatives:

. Reaults of fisheries investigations and monitoring program;

. Effects on shore bird habitat;

. Results of cultura/historica/archaeologicd investigations,

. Characterization of proposed disposal sites;
. A description of the Preferred Alternative; and
. A proposed disposa site management plan;
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2.5.1 Coordination with Harbor Planning Process

MCZM and the City of Gloucester sponsored aseriesof local presentationswith topicsrel ated to dredging
and dredged materid management. The purpose of the presentation series was to provide a mechanism
for citizenswith aninterest in Gloucester Harbor to provide input into the process of developing apreferred
disposa dternative. MCZM also conducted a series of working meetings with the Gloucester Dredging
Subcommittee. The proposed disposa sitesincluded in the ENF were astarting point, and the continuing
input from the Subcommittee was crucid in asssting MCZM in identifying dredging projects and disposd
Stesthat needed to be added, subtracted, or modified from the ENF listing of potential disposal sites.

The meetingsa so served thefunction of disseminating DMMPtechnica information asit becameavailable,
so that information could be reviewed as this DEIR was developed. Public presentations conducted
included the following topics, aslisted in Table 2-1 and described below.

Table 2-1: Gloucester Harbor DMMP Presentations/Meetings

Presentation/M eeting Date
Dredging and Disposal Technologies June 16, 1998
Siting Criteria and Process for Dredged Material Disposal July 22, 1998
Regulations Governing Dredged Material Disposal/Reuse August 20, 1998
Sediment Quality September 9, 1998
Municipal Working Meeting #1 November 12, 1998
Municipal Working Meeting #2 February 26, 1999
Municipal Working Meeting #3 March 29, 1999
Municipal Working Meeting #4 May 11, 1999
Municipal Working Meeting #5 June 8, 1999
Municipal Working Meeting #6 June 28, 1999
Municipal Working Meeting #7 August 3, 1999
Municipal Working Meeting #8 August 26, 1999
Municipal Working Meeting #9 January 26, 2000
Screening of Potential Disposal Sites Working Meeting #1 February 3, 2000
Screening of Potential Disposal Sites Working Meeting #2 February 25, 2000
Local Informational Presentations (see below) May - June 2000

Dredging and Disposal Technologies - This presentation provided information on the basic e ements
of dredging, including potentia dredging technologies that could be employed in Gloucester projects, and
dredged materia disposal. 1ssues covered included: probable characterigtics of dredged materid; types
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of disposd optionsfor dredged materia; and management practi cesto minimizeand mitigate environmental
impacts. The god of the workshop was to inform participants of the linkage between minimizing
environmenta impacts with the proper planning of dredged materia disposal.

Siting Criteria and Process for Dredged Material Disposal - In this presentation, the Sting criteria
were discussed, including avoidance of environmentaly sengtive areas, compatibility with adjacent uses
and minimizing exposure to important physca festures.  Thelinkage between devel oping comprenensive
gting criteriaand understanding regulatory requirementswith potentia locationsfor siting dredged materia
disposal within the harbor was developed. Thisworkshop aso focused on the ideathat selecting potentia
stesfor dredged materia disposal should follow alogica process of using important feetures of the natural
and built environment as a means of screening and, findly, choosing the best location to create a dredged
materia digposal Ste. This workshop provided an opportunity for loca input on screening criteriaand the
development of City-specific Ste screening factors.

Regulations Governing Dredged Material Disposal and Reuse - This presentation included the
introduction of information on state and federa regulations covering dredging, dredged materia disposa
and dredged materia reuse. State and federa agency representatives gave presentations and provided
review materials. Presenting agencies included: DEP, MCZM and the USACE. The intent of the
presentation was to provide an explanation of the regulatory process in sdecting appropriate disposa
options for UDM.

Sediment Quality - The results of marine sediment tests performed under Phase | were presented.
Sediment quality data were compared with criteria mandated by the USACE and USEPA. Dredged
materid that the federa agencies deem suitable for unconfined aguatic disposal, and the probable location
of disposal sites and cost of disposal were addressed. Probable dredged materia contaminants and
degrees of unsuitability of sediment in the harbor were presented. The linkage between the volume of
UDM and disposal Site alternatives was developed in this workshop.

Working Meeting #1 - For this meeting the subcommittee discussed the specifics of the screening criteria
for potentia upland, aternative treatment technologies and aquatic disposa options. This meeting dso
involved discussion of the screening process. A god of this meeting wasto identify any additiond criteria
needed to address concerns or interests specific to Gloucester. The Subcommittee discussed factorsthat
were important from aloca perspective. (11/9/98)

Working Meeting #2 - The meeting involved a presentation of data collected for candidate disposa and
dewatering Sites. Further information on the Sites presented wasincorporated into the screening database.
The screening criteriawere discussed and findized at this meeting to include the Subcommitteg s concerns.
A god of this meeting wasto gain ingght into candidates disposal and dewatering sites from the City that
may not have been apparent to MCZM. (2/26/99)
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Working Meeting #3 & #4 - At thismeseting the results of theinitial screen for feagibility were presented
to the Subcommitteefor input. Thismeeting o involved discussion of the screening process and criteria.
A godl of these meetings were to provide an opportunity for the Committee to comment on the results of
the feasibility screen and the steps necessary to develop preferred aternatives. (3/29/99 & 5/11/99)

Working Meetings#5 & #6- These meetings presented the results of the gpplication of the discretionary
screening criteria. Sites that were placed on the reserve ligt were discussed in detail.  The resultant
proposed candidate Steswereaso discussed. Considerablediscussion of regiona aternativeswereaso
discussed at thesemeetings. A goal of these meetingsweretoincorporate commentson the candidate Sites
before application of the exclusionary screening criteria (6/8/99 & 6/28/99).

Working Meetings#7 & #8 - At these meetings, the results of the gpplication of exclusonary screening
criteriawere presented to the Subcommittee. Discussion at these meetings centered around why siteswere
diminated fromfurther consderation. Thesemeetingsa soinvolved detailed discusson of digposa of UDM
at specific “sub-cell” stes (8/3/99 & 8/26/99).

Working Meeting #9 - This meeting was to follow-up on items raised & Working Meetings #7 and #8
regarding geologica conditions in the vicinity of the proposed disposa stes. A detailed report of
subsequent study conducted was presented. Thismeetings provided an opportunity for the Subcommittee
to review the results of the screening process to date (1/26/00).

In addition to the above presentation and working meetings, six (6) additionad meetings were held with
various recreationd and commercid fishing interests to gather further loca input on their understanding of
Gloucester Harbor and the surrounding water’ s (M assachusetts Bay) marine environment.

Screening of Potential Disposal Sites/ Proposed Preferred Alternatives #1 & #2 - The proposed
preferred dternative was presented to the subcommittee for review. These workshops were hands-on
sessions, working with maps of the harbor and its various built and natura features. The use of computer
overlays, facilitated the discussion at the presentation, depicting fisheries habitat, water depths, wind/wave
exposure, areas of navigation and other data collected and compared it with the Sting criteria devel oped
in the Siting Criteriameeting. The intent of the sesson was to present results of the screening process to
find adisposd Ste(s) of sufficient Sze, with minima environmental impacts, for UDM. The subcommittee
provided input on the proposed preferred alternative presented. A goa of these meetings was to
incorporate find comments from the Subcommittee before presenting the results of the screening process
to the federa agencies (2/3/00 & 2/25/00).

After the presentation of screening results to the Subcommittee, and incorporating comments, from the
Subcommittee and the federa agencies, the DMMP information was presented by the Dredging
Subcommittee Chairmanin aseriesof informational sessons. The purpose of theseinformationa meetings
was to introduce the genera public to the DMMP process, and to familiarize the public with the more
technical information before this DEIR was published The Subcommittee presented DMMP findings to
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the Gloucester Waterways Board, City Council, Gloucester Fisheries Commission, and Conservation
Commisson. Other key Gloucester stakeholders presented with DMMP findings included |obstermen,
property ownersand potentid dredgers. The culmination of publicinput a the City level wasthe approva
by the Mayor, in aletter dated June 7, 2000, which isincluded in Appendix B.

Additiond coordination with the Port Planning process involved attendance a public milestone meetings
and interaction with the project coordinator and consultants developing the Gloucester Harbor Plan.
Documentation of the above public meetings can be found in Appendix B. The documentation includes
meeting notes, presentation handouts and other items.

2.5.2 Coordination with Federal Agencies

The USACE has developed a method of coordinating the review and gpprova time-lines of the various
federal resource agencies charged with reviewing mgor projects involving discharges of dredged or fill
materia in waters of the United States, regulated under Section 404 of the Clean Water Act or activities
in tidal waters regulated under Section 10 of the Rivers and Harbors Act of 1899. Based upon the
mapping overlay planning methodol ogy devel oped by noted landscape architect lan McHarg inthe 1960s,
the USACE's “Highway Methodology” provides a valuable tool for decison making in a coordinated
fashion. This methodology integrates the planning and design of a project with the requirements of the
USACE permit regulations. The USACE servesasthe coordinator of commentsfrom thefedera agencies,
induding the USEPA, the US Fish and Wildlife Service (USFWS) and the Nationd Marine Fisheries
Service (NMFS).

Participation by the USACE in the earliest stages of project planning is a key provison of the Highway
Methodology. The evauation of dternatives to the project is key to the successful completion of the
methodology. Alternatives andlysis are based upon the determination of the project “purpose and need”
(developed under the National Environmenta Policy Act (NEPA)) and the* overall/basic project purpose’
required under the EPA 404(b)(1) guiddines and used by the Corpsin project permitting.

The 404(b)(1) guidelines establish passfail environmentd tests, to be completed before a determination
is made on the balancing of overal project benefits versus detriments. An USEPA/USACE's
Memorandum of Agreement, signed in February 1990, mandates a three-step iterative process of
avoidance, minimization and mitigation of adverseimpactsto wetlandsfunctionsand vaues (USACE, New
England Divison, 1993).

Application of the Highway Methodology to the Gloucester Harbor DMMP DEIR involved severd key
milestonesincluding the USACE' s concurrence with the DEIR Outline, Basic Project Purpose (BPP), and
Aquatic and Upland Zones of Siting Feasihility (ZSFs). Documentation of the USACE's implementation
of the Highway Methodology is presented in Appendix B which contains|etters presenting the coordinated
federa comments.
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As part of the effort to coordinate closaly with the federal agencies, a meeting to present draft screening
results was held.  This presentation was to representatives of dl reviewing federal agencies, including
representatives from USACE, USEPA, NMFS and USFWS, on March 29, 2000. The results of the
meeting was a letter from the USACE dated April 21, 2000, (Appendix B), indicating concurrence with
the screening process conducted and the proposed preferred disposal aternative put forward.

2.5.3 Coordination with State Agencies

Because of the array of permits required from the state to implement various disposa types and
technologies proposed, DMMP planning has also required the close coordination with state regulatory
agencies, particularly the Department of Environmenta Protection (DEP), Divison of Marine Fisheries
(DMF) and Massachusetts Historical Commisson (MHC). The broad reaching policy issuesinvolved in
the disposa of UDM have dso been explored with these agencies, and will require continued coordination
through the development of the FEIR. Close coordination with state agencieswas essentia to developing
this DEIR. However, dl statements and conclusions contain herein are the sole responsibility of MCZM.
State agencieswill be reviewing and formaly commenting to MEPA on the content and conclusion of the
DEIR and FEIR pursuant to their regulatory oversight respongibilities.

2.5.3.1 Department of Environmenta Protection

Since Massachusetts does not have comprehensive regulations for the disposd of dredged materid, DEP
Divisons with jurisdiction over UDM digposd including: Wetlands and Waterways, Water Pollution
Control, Waste Site Cleanup and Solid Waste Management were gpproached at key DMMP milestones.
DEP agenciesreviewed and concurred with the Site selection criteriadevel oped to ensure consistency with
exiding dateregulations. 1ssues regarding upland and agquatic disposal and dternative technologies were
discussed at numerous meetings, phone calls and e-mail correspondence. Representatives from DEP
divisons dso participated in the regulatory forum described above, to inform interested parties of
requirements and expectations of the permitting process.

2.5.3.2 Divison of Marine Fisheries

DMF participation in, and oversight of, investigations of marine resources conducted in support of the
DMMP was invaugble to developing the detailed assessments provided in this DEIR. Initsrole “to
maintain the diversity and abundance of marine habitats’ (DMF mission statement), DMF has collected
marine resource data for decades, and some of that data has been consulted in the Gloucester DMMP
andyssinduding Fisheries Resources Survey for Gloucester Harbor (1999) and the Early Benthic Phase
Lobster Survey for Gloucester Harbor. Because of the overlap of the Gloucester Harbor ZSF with that
of Sdlem Harbor’ s the results of the Trawl Surveys (1978-1996) for finfish outside Salem Harbor, Marine
Research Study (1967) of adult finfish, shellfish, lobster fishery and marine vegetation were incorporated
into the Gloucester Harbor DMMP andysis.
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The on-going coordination with DMF has played an integra role in data collection and identification of
areas needing further sudy for the Gloucester Harbor DMMP. This working relationship has involved
participationof bothMCZM and DMF staff on datareview and resource surveysand will continuethrough
the development of the FEIR.

2.5.3.3 Massachusetts Board of Underwater Archaeological Resources

Asthe sole trustee of the Commonwedlth's underwater heritage, the M assachusetts Board of Underwater
Archaeological Resources (MBUAR) is committed to promoting and protecting the public's interests in
these resources for recrestiond, economic, environmental, and historical purposes. Under Massachusetts
Generd Law Chapter 6, sections 179-180, and Chapter 91, section 63, the Board is charged with the
responsbility of encouraging the discovery and reporting, as well as the preservation and protection, of
underwater archaeol ogical resources. Becauisethe Board'sjurisdiction extendsover theinland and coastal
waters of the state, the siting of aguatic disposal adternatives has been sengtive to the MBUAR' s charge.
Ongoing communication and with the MBUAR will continue throughout the remainder of the Gloucester
Harbor DMMP planning process.
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SECTION 3.0 - PURPOSE AND NEED

PURPOSE AND NEED
3.1 Project Purpose

The linkage between the need for dredging in Gloucester Harbor and the regulatory chalenges involved
with the disposa of UDM, associated with dredging projects identified in the Gloucester Harbor Plan,
forms the basis for the Gloucester Harbor DMMP. While this section describes dredging needs for
Gloucester Harbor, thefocus of thisDEIR ison digposal optionsfor UDM. Thissection dso characterizes
the qudity and quantity of dredged sediments for dredging projects, establishing the magnitude of UDM
requiring disposa and the types of measures and site characterigtics required for safe disposd of UDM.

Asdiscussed in Section 2, the lack of a practicable cogt-effective method for the disposal of UDM in an
environmentally sound and cost effective manner has been a long standing obstacle to the successful
completion of dredging projects in Gloucester Harbor. The basic project purpose of the Gloucester
Harbor DMMP, isto identify, evauate and permit, within the Gloucester Harbor upland or agquetic Zones
of Siting Feagbility (ZSFs) a dte (or Sites) or dternative trestment technology, for the disposal of UDM
over the next twenty year planning horizon for both public and private dredging projects.

Theinability tofind apracticable, environmentaly sound, cost-effectivemethod for disposa or management
of UDM will redtrict the maintenance and improvement of Gloucester’ swaterways (Figures 3-1 and 3-2)
and ultimately, implementation of the Gloucester Harbor Plan.

3.2  Harbor Planning Context

The February 1996, passage of the Segport Bond Bill, included a provision for funding assistance to the
state’s magjor commercid ports to conduct comprehensve harbor development and management plans.
This*Four PortsInitiative,” undertaken by Gloucester, Sdem, New Bedford and Fal River with technical
assigtance from MCZM, on behaf of the Secretary of the EOEA, is being closdly coordinated with the
DMMP. Aspart of the local harbor planning process, Gloucester has developed a Harbor Plan to guide
the devel opment of the harbor over the planning horizon, providing aframework for futuredecisionsrel ated
to port development.

A harbor plan, approved by the Secretary of the EOEA, is adocument having significant impact upon the
vigbility of planning initigives in the port. The plan dlows Gloucester to have greater flexibility in
implementing a development strategy tailored to its port’s needs and the City’s visions of economic
development and environmenta quality. The plan dso identifies funding needs which are criticd to its
implementation. The development option put forward in the plan represents the City’s harbor planning
gods and vison for the next five years.

The preparation of the Gloucester Harbor DMMP, aso funded through the Seaport Bond Bill, has been
coordinated with loca planning efforts. Coordinationwithloca harbor planning interestshasbeen acritica
component of the development of this DEIR. The smultaneous preparation of the harbor plan and the
DMMP has hdl ped with theidentification of Gloucester Harbor’ sfuture dredging needsaswell aspotentia
gtesfor the disposa of UDM.
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Gloucester has prepared a Harbor Plan, that has been submitted to and approved by MCZM. The
development of the Gloucester Harbor Plan has been guided by the following mission satement to achieve:

“a publicly accessible Gloucester Harbor that expands its position as a vital
economic asset to the City and the Commonwealth, while retaining its natural
beauty and historic character. Above all the Plan seeks to continue the Harbor as
a working, productive port” .

The godsof the Plan, which were devel oped with public input, articulate the Plan’ sbroad scaleintentions.
The gods defined in the Gloucester Harbor Plan include the following:

Promoting economic diversty and sustainable employment
Strengthening commercid fishing/marine industry
Deveoping higoricd, cultural and naturd assets
Benefitting the downtown and other areas of the city
Providing infrastructure and navigation improvements

Deveoping a viable implementation and management Srategy

The Planidentifiesthe challengesthe Harbor facesin achieving the above misson statement and godls. The
plan presents the following “three-pronged approach” to planned, coordinated future devel opment:

Rebuild the Harbor Infrastructure - on land and water as a baseline to benefit al users and
activities. The Plan definesfundamenta public improvementsto be undertaken by the City thet are
needed to sustain the function of the Harbor and to support needed devel opment.

Strengthen the traditional port - induding facilities and businesses on historic finger piers, by
providing assistance to private owners through a non-profit partnership. While the details of the
partnership remain to be worked out, it isintended to advocate for investments and improvements
in traditionad smdl-medium scae Sites and activities of the Harbor that areimportant to economic
diversity, entrepreneurship, and the image of the City as aworking port.

Develop historical and cultural assets - by establishing the Gloucester Marine Museum onthe
downtown waterfront as a gateway to Gloucester and centerpiece for an organized network of
vigtor Stesand busnesses. These activities can help to support existing downtown businesses as
well as attract beneficid new private investment into the area.
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The Gloucester Harbor Plan, establishesaframework to using the* three-pronged” gpproach toimplement
the Plan’s recommendations. Dredged materia disposal dternatives for Gloucester Harbor identified in
this DEIR have been screened for their consstency with the Gloucester Harbor Plan mission statements
and planning gods listed above, to ensure that the preferred disposa aternatives assst in the achievement
of the god's of the Harbor Plan.

Throughout the MEPA process and the development of this DEIR, MCZM provided the technical
information necessary to identify the preferred dternative disposal sites and will make recommendations
based upon that information; however, it is the responshility of the City of Gloucester to determine the
appropriateness of any stesdected. Theidentification of the preferred dternative disposal site(s) hasbeen
coordinated with the City of Gloucester throughout the harbor planning process.

3.3 Project Need

This section describesthe need to find an appropriate suitable dredged material disposa Site. Thissection
isdivided into three primary areas. dredging history; dredging inventory; and, sediment quality and quantity.
The dredging history portion of this section describes historical harbor dredging. The dredging inventory
documents the current dredging needs of private and public entities in Gloucester Harbor and the
AnnisqguamRiver. Findly, sediment chemistry data from recent and higtorica sampling and testing efforts
are summarized, and the suitability of dredged materid for ocean disposal is assessed.

3.3.1 Dredging History

Based on dredging records collected in the Massachusetts Navigation and Dredging Management Study
that was completed by the USACE for the State of Massachusetts (USACE 1995), atota of 1,178,370
cubic yards (cy) of materia has been dredged from Gloucester Harbor and the Annisquam River since
1932. Much of this volume was dredged prior to 1966, when the federa channel and anchorage aress
were created. Additiona dredging in the harbor since congtruction of the channed dredging has included
USA CEmaintenancedredging, projectsperformed by MDEM at variouslocations, city dredging and many
private dredging operations.

3.3.2 Dredging I nventory

The volume of sediment to be dredged from Gloucester Harbor over the next twenty years has been
edtimated through surveys conducted by the USACE (1996) and Maguire (1997). The dredged materia
volume estimates are needed to identify, plan and permit a disposa Ste(s) with sufficient long-term
capacity to accomodate the needs for Gloucester Harbor.

Thetotd volume of sediment to be dredged from Gloucester Harbor over the next 20 years is estimated
at 514,440 cy. Thisfigureincludes a20% contingency added to the surveyed volume to account for any
uncertainty in the volumes provided by themarine users. The volumes presented in the sub-sectionsbelow
are without the 20% contingency.

GLOUCESTER HARBOR DMMP DEIR 3-5



SECTION 3.0 - PURPOSE AND NEED

Duringthe 1997 survey, dl shordinemarinaowners, municipaities, utilities, sate and federa agencieswere
contacted viaamail-back questionnaire, with follow-up telephone calsto non-respondents. Marineusers
were asked to complete a questionnaire, denoting dredging footprints, volumes, and anticipated time
schedule over the next 20 years.

There were over fifty facilities. The maintenance dredging of the Annisquam River isthe largest project.
The USACE has stated that the River isin need of maintenance dredging immediately. The Annisquam
River is subject to heavy dltation and, on average, requires dredging every 8 years. Therefore, over the
20-year planning horizon, an additional maintenance dredging of the river has been included in the
inventory. Of the 106,000 cy of dredging inthe Annisquam, the USACE iscurrently planning to dredging
only the 47,000 cy of sediment in the main channe that has been deemed suitable for ocean disposa or
beach nourishment. The remaining 59,000 cy of sediment from Lobster Cove and the Blynman Candl,
which are likdy unsuitable for ocean disposa, would be dredged at a later time in the 20-year planning
horizon.

Dredging of privatefacilities comprises a significant portion of the total materia to be dredged from
Gloucester (Figure 3-3). There are no maintenance or improvement dredging projects planned for the
Gloucester Harbor federa channdl and anchorage aress. In the origind dredging inventory (1997), a
proposed deepening of the federa channel from 20 feet to 26 feet was identified as a potentid project
involving 427,000 cy of dredging in the entrance channdl, north channel and anchorage area (Figure 3-1)
. A USACE study showed that this degpening project would not be cost effective. The 70,000 cy of
mai ntenance dredging was researched and was aso found not to be cost effective at thistime,

Because no mgor rivers empty into Gloucester Harbor, and off-shore drift does not trangport significant
amounts of sediment into the basin, sediment accumulation (i.e. shoding) within the federal channd and
anchorage areas occurs a a very dow rate. The USACE has cdculated an accumulation rate of only
22,000 cy over a 10-year period. Accumulation rates in marina areas, however, are higher because of
severd factors including resuspension of sediments from boat propellers and dower water currents.

UDM Volume by Category
Gloucester

Federal
93,600 cy

0,
34% Private
145,400 cy

City/State 53%
36,700 cy
13%

Figure 3-3: UDM Volume for Gloucester by Project Type
(does not include 20% contingency)
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3.3.3 Sediment Quality and Quantity

3.3.3.1 Sadiment Qudity - Conformance with Regulatory Requirements

USEPA Protocol

The evaluation of sediments proposed for dredging is conducted by federd and state regul atory agencies.
The USEPA, USACE, NMFS, and USFWS, through an inter-agency agreement, are responsible for
development and review of dl sampling and testing for dredging and dredged materid disposd in
Massachusetts. At the state level, DEP and MCZM review sampling and testing under the purview of the
Coagtal Zone Management Act (CZMA) and Section 401 of the Clean Water Act (CWA). Thefedera
agencies jurisdiction comes from Section 404 of the CWA. Sampling and sediment testing for the
Gloucester Harbor DMMP DEIR followed published protocol of the USEPA and USACE. Theprotocol
(Evadudtion of Dredged Materia Disposal for Ocean Disposa, USEPA/USACE, Feb. 1991) involves a
tiered gpproach. Tier | involves aliterature search on potential contaminant sources, history of dredging,
natural harbor features and other factors.

Thefirg step of Tier Il involvesthe physicd analysisof samples(grain size, organic carbon content). These
results are reported to the USA CE, which, in turn determineswhich samples are to be composited for bulk
chemica analysis. Theonly sedimentsthat would not requirefurther testing arethosethat consst of greater
than 90% sand and/or are in areas of high currents and no major pollution sources as determined by
USACE. In Gloucedter, there are no sediments that meet this “exclusionary” criteria. The harbor has
numerous point and nonpoint pollution sources and is amost entirely a depositiona area because of
relatively dow currents and tida action.

After the bulk chemica analyssis complete, results are presented to the federa agenciesfor their review
and evaluaion. According to USEPA, if a substance is detected in sediments above “trace amounts’,
biologicd-effects testing (Tier 111) is required. USEPA interprets “trace amount” as being any
concentration that is above laboratory detection levels. If dl substances are below trace levels, then no
additional testing is required and sediments are deemed suitable for ocean disposdl.

An inventory of potentia pollution sources and historic sediment quality data in and near Gloucester
Harbor was conducted as part of the DMMP Phase 1 (Maguire 1997). Thisinformation was used by the
regulatory agenciesto devel op site-specific sampling and testing plans for the Gloucester Federd Channdl
Deepening Project and the Annisguam River maintenance dredging. Asmentioned in Section 3.3.2 above,
the deepening of the federa channd is no longer desired, therefore the associated sediment data is not
gpecific to any planned project in Gloucester Harbor. However, the detaiis representative of the Harbor
as awhole, and as such, can be used to indicate the type of relativelevels of contaminants present in any
one of the facilitiesin the Harbor area.

A management strategy will be developed by the appropriate state and federd regulatory agencies asto
the sampling and testing requirements for specific dredging projects in the harbor.

Sampling and tegting plans for the federal channd and the Annisquam River were developed in a
coordinated effort by USEPA, USACE, NMFS and USFWS with input from DEP. The plans for

GLOUCESTER HARBOR DMMP DEIR 3-7



SECTION 3.0 - PURPOSE AND NEED

Gloucester Harbor were completed in early 1998. Sampling and testing was conducted in the
spring/summer of 1998. A summary of the resultsis presented below and detailed information is contained

in Appendix E.
Physical Testing

Surficid sedimentsin the entrance channel and north channd are fine-grained, generdly grey to black in
color and anoxic, with some sulfur odor. Organic carbon content is moderate to high.

Deeper sedimentsin the channe areas (3-6 ft. below the surficid sediments) are dso fine-grained but they
are composed of lean claysthat are grey and homogenous. Thin sand layers are found in some of the
deeper sediment layers.

Conversdly, Annisquam River sediments are composed primarily of sands.  In fact, of the ten samples
takenfromtheriver, only one, LC-B, had greater than 10% fines. The LC-B samplewastakenin Lobster
Cove, abackwater area where patches of sand and silt accumulate.

Bulk Chemistry

Sediments were andyzed for a list of contaminants determined by USACE/USEPA policy including:
metals, polycyclic aromatic hydrocarbon (PAH), pesticides and polychlorinated biphenyl (PCB) content.
All these classes of chemica have been detected in previous samplesin the harbor and have the potentia
to occur in the sediments due to the presence of severa point and non-point pollution sourcesin the area

Although a direct comparison of chemistry test results to ocean disposal Site reference values is not used
to determine sediment suitability for ocean disposa, chemistry results are compared to the MBDS
reference Ste values S0 that the nature of the sediments in Gloucester Harbor can be viewed in a ussful
context. The MBDS reference vaues reflect sediment samples taken near the MBDS. As previoudy
described, dredged material deemed suitable for unconfined open ocean disposa may betakento MBDS
(Figure 3-4).
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Gloucester Harbor

Massachusetts Bay
Disposal Site (M BDYS)

Note MBDSis acircular area
with a diameter of 2 nautical miles
and acenter at 42'25.1" North
and 70'35.0" West

0 3 6 Miles
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H
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Figure 3-4. Location of Massachusetts Bay Disposal Site (MBDS)
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Table 3-1 summarizes the mean (average) concentrations of selected substances found in measurable
guantitiesin the sediments from the mgor dredging projects.

Table 3-1: Summary of concentration of selected contaminants in Gloucester sediments.

Analytes Annisquam River Federal Channel MBDS Reference
Mean Range Mean Range
Arsenic 0.965 ppm 0.25-3.2 12 ppm 19-24 28.7 ppm
Cadmium 0.17 ppm 0.05-11 0.98 ppm 015-24 2.74 ppm
Chromium 0.13 ppm 4-70 35 ppm 11-41 152 ppm
Copper 9.71 ppm 05-35 62 ppm 10- 140 31.7 ppm
Mercury 0.053 ppm 0.025-0.23 0.24 ppm | 0.025-0.43 0.277 ppm
Nickel 4 ppm 1-10 16.7 ppm 8-27 405 ppm
Lead 19.3 ppm 1-71 86 ppm 7-190 66.3 ppm
Zinc 55.6 ppm 7-350 | 127.8 ppm 48 - 310 146 ppm
Total PAH 2,670 ppb 156,803 | 12372ppb | 14-32670 2,996 ppb
Total PCBs 38 ppb 6-136 113 ppb 0-259 ng
Notes:

Underline denotes greater than MBDS Reference
MBDS Reference is mean plus 2 standard deviations
ng = no guiddine

The chemica found in sediments are indicators of the present and past marine activities in Gloucester
Harbor which include boat paints, fue and oils, bulk chemicas, and other marine cargo.

Of the eight metals studied, copper and lead are the most prevaent in Gloucester Harbor. Mean
concentrations in surface sediments of the entrance channel and north channel are dightly elevated above
the MBDS reference vaue. Sediments in the Annisguam River contain low levels of metas, dl below the
MBDS referencevaues. Copper and lead are common pollutantsin estuaries, because they are common
substancesin the upland environment. Lead was once used in gasoline as an “anti-knocking” agent before
it was banned from usein the 1980s. Lead isaso acommon soldering materid in older plumbing. Copper
is the most common material used for piping since the 1950s. In addition to their use in plumbing
components, copper and lead are also commonly used in manufacturing processes. Mogt metals have a
tendency, once entering the water, to adsorb to suspended sediment particles which then settle to the
harbor bottom.

Total PAH concentrations in Gloucester Harbor are, on average, four times higher than the MBDS
reference guiddine (Figure 3-5). Concentrations in the Annisgquam River sediments are generdly near or
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MBDS REF

Annisquam River |

suo11ed0 ] Buljdwes
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Average PAH (ppb)

Figure 3-5: Average PAH concentrations (ppb) in sediment samples collected from Gloucester Harbor,
Annisguam River and MBDS Reference Site.

below the MBDS reference guideline, with the exception of Lobster Cove, wheretota PAH levelswere
measured at about 5,000 ppb.

Polycydic aromatic hydrocarbons (PAH) are a class of chemicals that are formed by the incomplete
combustionof fud. Sourcesof PAH include power generation, sormwater runoff, industrid dischargeand
dry deposition from the atmosphere.

Thereareno MBDSreference vauesfor pesticides, but there are some numerica guidelinesthat have been
developed by Nationa Oceanic and Atmospheric Adminigtration (NOAA) and the New England River
Basns Commisson (NERBC). Pesticideconcentrationsharbor-widearegenerdly low comparedtothese
guidelines, however, devated DDT and DDT-derivative compounds were found in the federa channdl.
Thisis congstent with the spatia distribution of other contaminants such as metas and PAHs within the
harbor. Pesticides, as the name implies, are used to control weeds, fungi, rodents and other undesirable
organisms. While many chlorinated pesticides have been banned from use in the United States, their
higtoric production and chemica stability have alowed them to persst in the environment.

Polychlorinated biphenyls (PCBs) were detected in most federal channel and Annisquam River sediment
samples. The highest PCB readings in the federal channd samples were in the North Channd and the
highes measurements in the Annisquam River were in Lobgter Cove. There are no sediment qudity
guiddines for PCBs (congener-specific) so the toxicologicd and ecologicd dSgnificance of the
concentrations in Gloucester Harbor sediments cannot be assessed without further biologica testing.

PCBs wereonce used as cooling fluidsin transformersand other dectrical equipment. Since 1976, PCBs
have been banned from manufacturing and usein the United Statesdueto their potentia acute and chronic
effect on the environment. PCBswerewiddy used and their chemica stability has alowed them to remain
in the environment.
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Biological Testing

In accordance with the EPA protocol discussed in the above section, Tier 111 biologica-effects testing
would be required if disposd a the MBDS is proposed. Any private or public dredging project that
proposes ocean disposd a the MBDS must undergo biologica testing to determine if sediments are
suitable. The biologica testing requirements (if any) for disposd a any of the preferred aguetic disposal
steswithin the Harbor, will be determined at alater date by the approprate regulatory (Sate and federal)
agencies.

1) Suspended particulate phase bioassays; this test is used to determine the short-term effect of
dredging and disposd on sendtive water column organisms. If sgnificant short-term effects are
anticipated, then dredging and disposal management redtrictions can be employed to minimize
impacts. Thistestingisrequired for disposa & MBDS, buit it can aso be used to estimate impacts
at the point of dredging. It has not yet been determined whether these tests will be required for
dredging or disposa within the Harbor.

2) Solid phase toxicity test; over a10-day period, sendtive marine amphipods are exposed to test
sediments to determine the acute toxicity (lethdity) of the sediment.

3) Solid phase bioaccumul ation test; sediment dwelling organisms are exposed to test sediments over
a 28-day period to determine acute and chronic effects of the sediment. The tissues of surviving
organisms are then andyzed for the chemicas of concern.

No biologica tests were undertaken as part of the Gloucester Harbor DMMP. Testing requirements for

dredging projects proposing to use a CAD cdl will be determined as one component of the management
plan to be devel oped.

3.3.3.2 Sadiment Quantity - Suitable versus Unauitable Volumes

The determination of the suitability for sediments for ocean digposal is made by the federd agencieson a
case-by-case basis. As stated earlier, the dredging projects identified in the dredging inventory must
undergo the full suite of tests necessary to determine if the sediments are suitable for ocean disposal.
Neverthel ess, the sediment sampling and testing of the Gloucester Harbor entrance and north channelsand
the Annsquam River during DMMP Phase 1 (Maguire 1997) gives ingght into the characteristics of
sediments to be dredged in the harbor channdls, anchorages, marinas and boat basins. This information
has been used to estimate the suitability of sediments at proposed dredging locations in the harbor.

Sediment chemidtry data presented in this section for the federa channd in Gloucester Harbor and the
Annisquam River were used to evauate other nearby projects in those areas. Those facilities that are
distant from any sampling locations were assessed based on: higtoric sediment qudity data (if any);
proximity to pollution sources; and, generd oceanographic conditions, i.e. is the ste within a high or low
energy environmern.
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Given the sediment chemistry data presented above, it is likely that sediments in Gloucester Harbor
marinas, boat launches and other facilities would be unsuitable for ocean disposal & MBDS because of
their levated PAH and metals content, primarily.

Most reaches of the Annisquam River contain contaminant levelswell below the MBDS reference va ues.
These sediments are primarily sand and are likely suitable for ocean disposa or beach nourishment.
However, there are two aress of the river, Lobster Cove and Blynman Cand, that contain a higher st
fraction and correspondingly higher metals and organic contaminant concentrations. These areas are
assumed to be unsuitable for ocean digposal. Oncethe UDM sediments from these two areas have been
removed during theinitial maintenance dredging, the sedimentsthat accumulatein theseareas should below
in contaminant level s because no major ongoing sources of contamination were noted in the Due Diligence
study (Maguire 1997a).

Severa marinas in the Annisquam River are located near channel sediment sample locations that are
suitable for ocean disposal. While these facilities may contain suitable dredged materid, it is assumed, to
be consarvetivein planning for the szing of potentid digposal Sites, that these sediments are dso unsuitable
for ocean disposa.

Given the assumptions presented above, it is estimated that approximately 276,000 cy of sediment to be

dredged from Gloucester Harbor over the next 20 yearswould be UDM. For planning purposes, a20%
contingency has been added to the unsuitable volume to arrive at avolume of approximately 333,000 cy.

Table 3-2: Dredged materia volumes (cy) for Gloucester Harbor for next 20 years

Inventory Inventory Total Suitable Dredged Material? Unsuitable Dredged
Total with Contingency* with Contingency Material® with
Contingency
428,700 514,440 183,600 330,840
Notes:

! Contingency is 20%
2 Suitable for disposal a MBDS
3 Not suitable for disposa at MBDS

Depending on the sdection of disposa type (upland, aquatic) and location, there may be an additiond
volume of UDM. For example if a CAD cdl footprint contains UDM, then the volume of materid
excavated for the creation of the CAD cells would aso have to be managed as UDM. This scenario is
discussed in grester detail in Section 8.0.
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As part of the dredging inventory, marine users were asked to estimate the time frame for their anticipated
dredging projects. Table 3-3 portraysthe timing estimates for disposal of UDM from Gloucester Harbor.
As shown, the mgority of the UDM would be dredged in the first 10 years. The timing of the dredging
projectsmay change over time depending on many factors including the availability of dredged materid
disposal sites. Nevertheless, the dredging breakdown by 5-year increments demonstrates the immediate
need for dredging.

Table 3-3: Twenty year dredged materid volume! (cy) breskdown in 5-year increments

Years 1-5 Years 6-10 Years11-15 Years 16-20 Total
159,695 126,190 22575 22,380 330,840
Notes:

! Includes 20% contingency

3.4  Harbor Plan Implementation

The implementation recommendations in the Gloucester Harbor Plan have been grouped as follows:
navigation improvements, public use and access, streets and parking, program to strengthen the working
port and developing cultural and vigtor use potentials, outlines the projects, initiatives development
opportunities, and studiesto be accomplished in afiveto seven year period. Thisimplementation schedule
establishes the blueprint for “making the vison happen”. The proposed Harbor Infrastructure
improvements to navigationincluding public dredging and private piggy back dredging projects have been
identified as the foundation of the action items identified necessary to redlize the vison established in the
Gloucester Harbor Plan.

The forma identification of the need for dredging by the City, as defined in the Gloucester Harbor Plan,
and the characterization of aportion of that proposed dredged materid in the DMMP planning process as
UDM, underscores the importance of locating along-term cost-effective, environmentally sound disposal
option. The technica assstance provided by MCZM to the City in developing a disposa solution for
UDM will hep the City and the Commonweslth meet the misson statement and goals of the Gloucester
Harbor Plan and achieve the Basic Project Purpose of the DMMP. Identification of a practicable UDM
disposal option will help atain the City’s vison of maintaining a vibrant seaport, while preserving
Gloucester’ s maritime heritage, and furthering economic devel opment.
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SECTION 4.0- ALTERNATIVESANALYSIS

ALTERNATIVESANALYSIS

4.1 Introduction

This section of the Gloucester Harbor DMMP DEIR presentsthe dternativesfor the disposal or management
of UDM aswell asacomparative assessment of the environmental impacts of each dternative. Both state
and federa laws guide the devel opment of the dternatives analysis contained in this section of the DEIR. The
two principal statutes are:

(1) Massachusetts Environmental Policy Act (MEPA), Massachusetts General Laws (MGL) Chapter 30,
Sections 61 and 62A-H. MEPA is the environmental review statute of the Commonwealth, and is the law
under which this DEIR is being prepared. MEPA provides an opportunity for public review of potential
environmental impacts of projectsfor which state agency actions(e.g., permits, funding, or agency-sponsored
projects) are required. Most important, MEPA functions as avehicleto assist state agenciesinusing: “... al
feasible means to avoid damage to the environment or, to the extent damage to the environment cannot be
avoided, to minimize and mitigate damage to the environment to the maximum extent practicable.” (MEPA,
1998)

MEPA requires an analysis of “reasonable aternatives and methods to avoid or minimize potential
environmental impacts’ (301 CMR 11.07(6)) and that al “feasible” alternatives be anayzed in an EIR.
Feasible alternatives means those aternatives considered: “... in light of the objectives of the Proponent and
the Mission of the Participating Agency, including relevant statutes, regulations, executive orders and other
policy directives, and any applicable Federd, municipd, or regional plan formaly adopted by an Agency or
any Federa, municipa or regiona governmenta entity” (301 CMR 11.07(6)(f)).

(2) Clean Water Act (CWA), in particular the Section 404(b)(1) guidelines of the US Environmental
Protection Agency (Title 40, Code of Federa Regulations (CFR), Part 230), require that “practicable”’
alternatives to a proposed discharge to waters of the United States be considered, including avoiding such
discharges, and considering dternative aquatic Sites that are potentialy less damaging to the aguatic
environment. Thegoa of the Section 404(b)(1) guiddinesisto provide aframework for arriving at the Least
Environmentaly Damaging Practicable Alternative (LEDPA).  While the aternative selected for
implementation needs to be the least environmentally damaging, i.e. resulting in the least amount of human
and natural environment impact of the aternatives studied, it also needs to be practicable. The term
“practicable” means “available and capable of being done after taking into consideration cost, existing
technology, and logisticsin light of overal project purposes.”

In consideration of the above, the aternatives for Gloucester Harbor included in this section of the DEIR are
those dternatives for the disposal and/or reuse of UDM.
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4.2 No Action Alternative

Consderation of the No Action Alternative for the Gloucester Harbor DMMP s required under the MEPA
Regulations at 301 CMR 11.07(6)(f). The No Action aternative isused to provide afuture baseline against
which the impact of the Preferred Alternative(s) is (are) measured, compared and contrasted. It is
representative of future conditions in Gloucester Harbor, without the changes or activities that would result
from the implementation of the Preferred Alternative(s) for disposal of UDM.

The No Action aternative assumes that dredging activities involving the removal of sediments that are
unsuitable for unconfined open water disposal would not occur. It is estimated that approximately 330,000
cy of sediment to be dredged from Gloucester Harbor over the next 20 years is unsuitable for unconfined
open water disposal. Therefore, under the No Action alternative, this 330,000 cy of sediment would not be
dredged.

Exigting sedimentation ratesin Gloucester Harbor woul d continue unabated and the navigation channel swould
dowly fill in. The USACE estimates that the federa navigation channelsin Gloucester receive anet volume
of 2,200 cy of sediment per year, which eguates to approximately 0.25 inches within the channels. The
approximately 50 dredging projects and activities which have been identified to continue economic growth
in the City of Gloucester in their Harbor Plan would not occur. Specificaly, for the Gloucester Harbor
DMMP, no aguatic or upland disposal sitesfor UDM would be constructed and future environmental impacts
which would result from their construction and use would be avoided.

4.3 Description of Disposal Alternatives

4.3.1 Aquatic Disposal Alternatives

The following describes several types of aguatic disposal methods considered for the disposal of dredged
material. Generally speaking, the primary advantages of open water disposal over other disposal aternatives
are typicdly the large disposa capacity, relatively short-term environmental impacts, and lower relative cost
(Carey et d., 1999). The primary disadvantages of aguatic disposal include potential changes in benthic
habitat quality and temporary water quality degradation, as well as complex logistics associated with certain
types of aquatic disposal. The complexity of aquatic disposd is due to the interdependence, sequencing and
timing of dredging, storage and disposal operations.

4.3.1.1 Confined Aguatic Disposal

Confinedaquatic disposal (CAD) isthe processwhere dredged material that isunsuitablefor unconfined open
water disposd is deposited into the marine environment within a confined area, and then covered with
suitable material (Figure4-1). Therearebasically two methods of constructingaCAD site. Most commonly,
CAD sites are created by placing unsuitable material on the existing seabed, and then covering it with clean
dredged materiad which is considered suitable for open-water disposal. The overlying layer is commonly
referred to as a cap, typically constructed using either dredged silt or sand. This method has been used in
open-water disposal sitesin New England (e.g., DAMOS 1994), New Y ork (SAIC 1998), and elsewhere,
and requires that sufficient suitable material be available to provide complete capping of UDM. In exposed
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Figure 4-1. Schematic of Confined Aquatic Disposa (CAD) Mound Method

offshore regions in Massachusetts Bay, sites with topography conducive to confinement were preferred, in
water depths of at least 65.6 feet (20 meters) to maximize protection against storm-driven waves.

The second method of constructing a CAD siteisto excavate aconfined area, or pit, which isthen filled with
UDM and capped. In genera, these sites can be created in shallower water, but require water depths in
excess of 20 feet (6.1 m), so that dredges and barges which are used to create the pit can access the area.
Two types of CAD pits are presented for possible use:

Overdredge (OD) - CAD sites located within an existing channel that are dredged below the proposed
navigationa depth, then filled with dredged material and capped to the proposed navigationa depth (Figure

4-2);

ExlIsting Channe
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Tamparavy Stackplla
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Figure 4-2. Schematic of Channel Overdredge (OD) Method
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Adjacent-to-Channel (ATC) - CAD sitesthat are created along-side existing channels and/or anchorage
areas.

The OD method is presently being employed for the BHNIP (NAE and Massport 1995; DADOS 1999). In
this method, the pits are excavated in the channel, and then filled and capped up to or below the existing
maintenance depth. If the overlying sediments in the channel are unsuitable, these are first removed and
stockpiled. Dredging then continues into underlying suitable sediments, creating a pit below the designed
channd depth. Suitable materia is disposed of in an approved offshore disposal site (e.g. MBDS). UDM
(indluding the stockpiled channel cover) isthen deposited in the pit and covered with suitable materid. Inthe
BHNIP, the cap design wasfor three feet of sand, although alternative cap material can be considered. The
selection of an appropriate cap material is dependent upon the environmental objectives of the CAD design,
as well as the geotechnical properties of the sediment to be capped.

The ATC method is similar to the OD method, except that the pits are excavated in areas near, but outside,
the project dredging area. The ATC can be dredged into existing bottom, but is limited only by the existing
water depth rather than the maintenance depth of the channel. Aswith OD sites, if the overlying sediments
prove to be unsuitable, the removed materia also needsto be stockpiled for eventual deposition into the ATC

pit.

The OD and ATC CAD dlternatives have the advantages of locating the disposal site near an existing
dredged area (the channel), causing only temporary disturbance of the bottom resulting in rapid biological
recovery of the seafloor, and disposing of the materia in an inner harbor areathat is already impacted by
human activity. When the OD siteis|ocated near the area being dredged, the additiona advantagesinclude
(NAE and Massport 1995):

1) confinement of the disposal impacts to areas impacted by dredging;
2) sequestering the material near the point of origin; and,
3) compartmentalizing dredging and disposal operations.

Relative to the first type of CAD site in which no pre-dredging is required, the OD and ATC methods have
the disadvantages of requiring additional dredging, longer project duration, greater material handling, larger
disposal volumes (the material removed to create the pits), and increased costs. In addition, for OD sites, if
the top-of-cap elevation is set as the channel depth, this method precludes future dredging of the channel to
deeper design depths without first removing the previoudy deposited contaminated sediments. Where future
navigational improvement projects are being contemplated, the OD top-of-cap eevation must include an
adequate depth contingency to accommodate additional channel depth associated with planned future
navigationa improvement projects. One advantage of the ATC design is that there is no concern that the
materia will be disturbed by future maintenance dredging of existing navigationa dredging projects.
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4.3.1.2 Confined Disposd Facility

UDM may a so be disposed in confined disposal facilities(CDFs), illustrated in Figure 4-3. Cresation of aCDF
requires construction of confinement walls, typically stedl sheet pile, or aconfinement berm of earth or stone.
Stone reinforcement (rip-rap) may be required on the seaward side of confinement walls and bermsto protect
them from wave action and tidal scouring. An impermeable liner and cap may aso be required, depending
onthechemical characteristicsof thedredged material. Theliner and cap may be made of impermeable soils,
such as clay, synthetic materials such as high density polyethylene (HDPE), or some combination of these
two. Leachate collection, treatment and disposal may be necessary for lined cells during the construction
period to control rainwater infiltration until the cap can be placed over the cell. CDFs have the advantage of
isolating UDM from the environment, while at the same time creating new land which can be put to
constructive uses, such as port expansion, development, open space, parkland, or upland wildlife habitat.
Alternatively, the CDF can be left as a subagueous area, creating additional wetlands , as discussed in the
section on Tidal Habitat, below. CDFs have the disadvantages of : permanently displacing existing tidal and
subtidal habitat; being relatively expensive to construct; and, requiring periodic maintenance to ensure the
long-term structura integrity of the CDF.

CONFINED DISPOSAL FACILITY (CDF)
PORT EXPANSION

Sheet File

Mean High Water
Vlean Low Water

LAND CREATION

Rip Rap Berm

Mean High Water

Mean Low Water

Figure 4-3: Schematic of the Confined Disposa Facility (CDF) Method
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4.3.1.3 Tidd Habitat

A tida habitat site is a specid type of CDF, developed specifically for creation of tidal habitats such as
mudflats and coastal wetlands (Figure 4-4). The tidal habitat method requires a cap of material that is
chemically and physically able to support biologica activity. Thetidal habitat method requires creation of an
impoundment to retain the dredged material and protect the newly created habitat from scouring currents and
wave action. Thisis typicaly accomplished by building a berm or breskwater of stone, or of soil armored
with stone, up to an elevation above high water. The berm would be penetrated by one or more culverts,
enabling sea water to flow through the berm and equalize tide elevations on both sides. The areainside the
berm can then be filled with dredged material. The surficial sediments that will be exposed to biological
activity must be suitable material (smilar toaCAD cap) in order to prevent bioaccumulation/biomagnification
and bioturbation of contaminants.

TIDAL HABITAT CREATION
COASTAL MUDFLAT

Mudflat

COASTAL WETLAND

Salt Marsh

WAV 2 pwwwiﬁi
it }1}:_ Mean Low Water

Figure 4-4: Schematic of the Tidal Habitat (TH) Creation Method

To create an intertidal mudflat, the areais filled to the elevation of mean sealevel. This ensures that the
surface will be covered with water at high tide and will be exposed at low tide. Tidal mudflats provide habitat
for awide range of invertebrate organisms, which, in turn, are an important source of food for shorebirds.
To create tidd wetlands (i.e. salt marsh), the areaisfilled to an elevation that ensures that the surface will
be flooded periodicaly, saturated most of the time, and exposed at low tide. Once the surface has stabilized,
it is planted with species such as salt marsh cordgrass (Spartina alterniflora), salt meadow cordgrass
(Spartina patens), and big cordgrass (Spartina cynosuroides). Salt marsh wetlands provide habitat for a
wide range of invertebrate organisms, and are used as nurseries for many species of marine fish. These
organisms are an important food source for shorebirds, waders and certain waterfowl.
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Tidal habitat aternatives have the advantage of creating additional habitat in, or proxima to, densely
developed urban areas (thereby restoring the functions and values of a natural coastline). They have the
disadvantages of : displacing existing tidal and subtidal habitat; having low capacity relaiveto thetotd quantity
of materia to be dredged; being relatively expensive to construct; and requiring on-going monitoring and
maintenance to ensure the integrity of confinement and the success of the created habitats.

4.3.2 Relationship of Alternative Treatment Technologies, Dewatering
and Upland Disposal

Alternative treatment of marine sediment , dewatering and upland disposal are often components of asingle
logistical system for the handling/disposal of UDM. Depending on the characteristics of the sediment (its
composition and mixture of contaminants), UDM must be handled, stored and transported several times
before its ultimate disposal or reuse in the upland environment.

Asillugtrated in Figure 4-5, UDM first leaves the barge for storage, dewatering and/or treatment at a shore-
sdelocation. This location isreferred to asadewatering site. While at the dewatering Site, the sediment will
be placed in piles where the sediment will dry and the water will evaporate and run-off. This dewatering
process may also be accelerated by use of mechanical devices such asabelt filter press. Sediment may be
processed through a number of treatment methods to eliminate adverse impacts from contaminants.
Treatment may be as simple as adding other substances to the sediment to solidify or chemically stabilize the
dredged materia. Treatment may also be quite complex involving incineration or a series of other processes
whichin themselves create environmental impacts. For upland disposal, arange of locationsis possible: from
active landfills to vacant parcels that may be converted to environmentally sound disposal sites for UDM.
Each of these components of anon-aquatic disposal system have aternative choiceswithinthem. Thereare
numerous types of alternative treatment technologies; several shore-side locations as potential dewatering
sites and many locations as potential disposa sites for UDM. The following sections address aternatives
within each of these non-aquatic disposa system components.

DREDGING PROJECT
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Dredge Material
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Figure 4-5: Upland Disposal Process
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4.3.3 Alternative Treatment Technologies

Alternative treatment technologies involve the treatment of contaminated sediment, using one or more
processes, to alow for reuse of the sediment in a safe manner in the upland environment or for unconfined
open water disposal. There are four general types of treatment technologies, categorized based on their
effect on the contaminants of concern within the sediment:

1 Destruction: the removal of contaminants from the sediment via physical, chemica or biological
agents;

2 Separation: the process of removing contaminants from the sediment resulting in a concentrated
residua of contaminated sediment of significantly smaler volume;

3 Reduction: the process of reducing the amount of contaminated dredged material that requires
treatment by screening sediments into various particle sizes; and,

4) Immobilization: the fixing of contaminants in the dredged material which keeps the contaminants
from being released to the environment.

Destructive methods are generdly the most complex and expensive forms of treatment. Some of the
destructive methods assessed in the DMMP include: incineration, pyrolysis, solvent extraction, thermal
desorption and vitrification. The costs for such technologies range from $161-420/cy (Maguire Group Inc.,
1997a).

Separation of contaminants from the sediment can be accomplished by solvent extraction and other
techniques. These processesresultin aresidual material that requires disposal and/or further treatment. The
average cost for solvent extraction is $182/cy (Maguire Group Inc., 1997a).

The primary method of reduction used today is soil washing, a process where water is used to separate the
sadiments by particle size into a reusable bulk fraction, and a smaller fraction containing concentrated
contaminants. Because organic contaminants are often sorbed (adhered) to the finer sediment particles such
as silts and clays, separation of this fine soil fraction from the coarser, sandy sedimentsallowsfor thereuse
of the sand and an overal reduction in the volume of UDM. The average cost for this technology is $89/cy
(Maguire Group Inc., 1997a).

Immobilization techniques evaluated in the DMMP include chelation and solidification/stabilization. Costs
for such processes range from $75-$90/cy (Maguire Group Inc., 1997a). Some of these processes, such as
solidification/stabilization, can produce a material with sufficient structural bearing strength to allow for use
as structural fill in construction projects.
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4.3.4 Dewatering Alternatives

I'n order to implement an upland disposal or aternative treatment option, ashore front site with adequate land
area to dewater the dredged material isrequired. A dewatering site (or sites) is necessary to provide an area
to reduce the moisture content of dredged material, allowing it to be processed and transferred to an upland
disposal site for fina disposal or reuse. The process to prepare dredged materia for final upland disposal
or reuse may involve one or more of the following site functions: off-loading (always required); material
screening; lime treatment; soil amendment; and transfer to disposal/reuse site.

Off-loading of the dredged material requiresthat the barge be tied to apier or seawall along the shorefront.
Front end loaders or cranes are used to unload the dredged material from the barge and place it on the site
or in dump trucks which move the material to a specific location on the site. If the dredged material has a
high water content, water-tight crane buckets and dump trucks may be required to minimize the uncontrolled
discharge of sea water and suspended sediment into the water.

Material screening is often required to screen out large pieces of debris, such as piling fragments, fishing
gear, and other debristypically encountered in an urban harbor environment. This material must be removed
from the dredged material and disposed of separately.

Lime treatment is often required to reduce the moisture content of the dredged material and to control odors
Anaerobic decomposition results in the production of a strong, sulfur odor that may be controlled via lime
additions to the dredged material. Dredged sediment with a high organic content has often undergone long
term anaerobic (without oxygen) decomposition in the marine environment. Lime treatment also reducesthe
moisture content of the dredged material, and resultsin a material which is easier to handle and spread.

Soil amendment of the dredged materid is often required to produce afinal product that issuitablefor various
end uses. UDM istypicdly afine grained, silty material. Mixing or amending UDM with a coarser material
such as sand improves the workability of the material. Depending on the water content and intended final
use of the sediment, amendment of the dredged material may be required at the dewatering site beforeiit is
trangported upland.

Transport of the dredged materia to the final disposal or reuse siteis required. Truck transport is the most
common method. Water transport viabarge or aternative land transport such asrail isalso possible, but less
common. Space must be available within the dewatering site to alow for loading of the transport vehicles.

Ideally, the performance of all the above functions are conducted at one dewatering site, minimizing the
number of times the materia is transported and reducing overdl costs. To determine the minimum area
requiredto process dredged materia for upland/reuse disposal from a 10,000 cy dredging project, dewatering
Site logistics and arearequirements were investigated for the DMMP. The site area requirements devel oped
included the application of lime to control sulfide reactivity. Amendment of the material may aso be done
at the dewatering site. The typical dewatering site requires adegquate area for mixing, lime storage,
augmenting materia storage, truck scale and whedl wash, and approximately a one week storage capacity
for dewatered material.
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Site Area Required:
Approximately 3.2 acres

Process:
UDM is mixed with augmentation material and a drying agent (quick lime etc.) to create workable
material to be transported off-site for upland disposal/reuse.

Assumptions:
10,000 c.y. to be removed, 50 c.y./hr.dredge production rate, 10 hr. work day, 6 days/week based upon
Central Artery Project CO9A8 contract dredge rate using similar augmentation process.

Advantages:
Short schedule
Workable material in short duration

Disadvantages:

Cost of augmenting material to workable consistency

Labor intensive, multiple re-handling.

Smell - hydrogen sulfide escaping material, spray with lime to control odor
Weather dependent.

Figure 4-6. DMMP dewatering site conceptual layout
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Assuming a facility through-put capacity of 400 cy per day, based upon a typical workday (50 cy per hour
times 8 hours per day), a 3.2 acre site (approximately 320-feet by 440-feet) isrequired. Figure4-6 illustrates
a conceptua site layout and requirementsfor the facility. When mobilization and construction of containment
structures (4 weeks), duration of dredging (5 weeks) and restoration of the site (3 weeks) arefactored in, the
total time required to process 10,000 cy of materia is approximately 12 weeks, or 3 months.

The projected volume of UDM from Gloucester Harbor in the first five year planning horizon is 159,695 cy.
The theoretica 3.2 acre dewatering site could process the material for upland disposal/reuse in 87 weeks
(159,695 cy X 5weeksper 10,000 cy + 7 weeks mobilization/demobilization). The above numbers represent
the best-case scenario; scheduling conflicts and weather delays will extend the processing time.

Seasonal dredging restrictionsimposed to protect fish spawning would require dredging to be spread out over
severa years, given the limited throughput capability of a small dewatering site. Dredging in most areas is
limited to the late fal and winter months, a 5-month (22-week) period. With one dewatering site, 3.2 acres
in size, the maximum volume of dredging that can occur in any one dredging season is about 30,000 cy.

As part of the DMMP DEIR process of exploring potential dewatering site options, the screening process
focused on a universe of potential sites within the municipal boundaries of Cape Ann communities from
Rockport to Manchester. A total of 37 potential dewatering sites were identified in Cape Ann. The sites
were identified by examining aerial photographs and via windshield surveys conducted in 1997 and 1999.
Also, mestings were held with loca municipal officias to aid in the process of identifying vacant, open or
undevel oped waterfront site as a potential location for dewatering.

4.3.5 Upland Disposal/Reuse Disposal Alternatives

Upland reuse disposal aternatives involve the placement of UDM on land. The land site can be an existing
active or inactive landfill, or a raw parcel of land. Dredged material can be used as daily cover or
grading/shaping materid for landfills, provided the materia meets the physica and chemica specifications
for such use. Dredged materia placed on araw parcd of land could be managed as a landfill, or could be
used as agrading material that has some end use (e.g. ball fields, golf course, etc.), provided the physical and
chemical properties of the dredged material permit such use. There are currently no comprehensive
regulations in Massachusetts which specifically apply to the disposal of dredged materid in the upland
environment, although DEP has issued a series of Policies and Interim Management Requirements. In
genera, upland disposal is regulated under the Commonwedth’s Solid Waste Management Regulations @
310 CMR 16.00 and 19.000 (See DEP sJuly 8, 1999 Dredged Sediment I nterim Management Requirements
in Appendix B, Volume 1). Dredged material, when amended with other materia such as Portland cement,
could potentialy be beneficialy used, the current permitting procedure being a Benefial Use Determination
under 310 CMR 19.060.

The cost for upland disposa ranges from $117 - $683/cy for siity UDM that is not suitable asfina cover for
landfills. Clayey sediments that could be used as final cover material would be dightly less expensive to
dispose of in alandfill.

Table 4-1, provides a descriptive summary of al disposa aternatives considered for UDM for Gloucester
Harbor.
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Table4-1: Disposa Types - Genera Summary Matrix

sequestered from marine

environment; creation of new land

for port expansion, recreation,
commerce, €tc..

and intertidal habitat; fine
sediments may require
extensive dewatering time,
restricting use of the site for

Disposal Type Benefits Drawbacks Contaminant
Pathways
CDF Contaminated sediment Permanent loss of subtidal Birds and small

mammal can be
temporarily exposed
to contaminantsin soil
and potentially ingest

suitable for ocean disposal or
beneficial reuse (tidal habitat
creation)

may require treatment.
Potential air emissions.

extended period. contaminated
organisms before cap
placement.

CAD - In Channel Contaminated sediment Technology of capping not Suspended particul ate
sequestered from marine perfected; limits potential matter released during
environment; impact occurs future dredging depths; short- | disposa can affect
within already disturbed area; term water quality impacts; water column
relatively low cost permanent change to

bathymetry of disposal site

ATC-CAD Contaminated sediment Technology of capping not Suspended particul ate
sequestered from marine perfected; ATC areas may matter released during
environment; relatively low cost; not be degraded, therefore disposal can affect
close to channel dredging areas high value bottom habitat can | water column;

be impacted; short-term water | potential changein
quality impacts substrate type.

CAD Contaminated sediment Technology of capping not Suspended particul ate
sequestered from marine perfected; CAD areas may matter released during
environment; relatively low cost; not be degraded, therefore disposal can affect

bottom habitat can be water column;
impacted; short-term water potential changein
quality impacts; large volume | substrate type.

of capping material required

to cover mound

TH Creation of salt marsh or tidal Contaminated sediments Benthic organism and
flats beneficial to water quality cannot be used for habitat plantsliving in
and wildlife. creation because of potential contaminated

bioaccumul ation/biomagnifi- sediments can transfer
cation/bioturbation of pollutants within food
contaminants. web.

Upland Removal of contaminants from Large dewatering area Potential groundwater
marine environment into awell required; air quality, noise, contamination from
engineered and monitored traffic impacts; high cost; leachate; potentia
situation. future use of disposal site contaminated

permanently affected due to stormwater runoff; air
material placement and land quality impacts from
use changes and restrictions. fugitive dust and odor

Alternative Treatment Removal of contaminants Cost prohibitive, particularly | Air and wastewater

Technology rendering sediment potentially for small projects. Residuals emissions from

processes.
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4.4  Disposal Site Screening Process

The disposd Site screening process is designed to assess al possible dternatives through the sequentia
goplication of environmenta, socid and economic criteria As Steswith ggnificant conflicts are removed
from congderation, the assessment of remaining sites becomes more detailed. Ultimately, only those Sites
with minima or no conflict with the criteria are subjected to intensve evaduation to determine which
remaining sites best meet the god's of the Gloucester Harbor DMMP.

A universe of digposd dtes was developed during Phases | and Il of the DMMP, including Sites
recommended by the Gloucester Harbor Dredging Subcommittee. These were evauated in atiered
process. Theresult of this processis the identification of arange of practicable and reasonabl e disposal
dgte dternatives. These Sites, determined through the evaluation process described below, are evaluated
in detall inthisDEIR.

The types of disposa stes and methods identified through this process include: Adjacent to Channel
(ATC), Channd Over Dredging, Confined Aquatic Disposal (CAD), Capping (CAP), Confined Disposal
Facility (CDF) for land creation, Tida Habitat Creation (mudflat or marsh), upland (reuseor disposd), and
dternative trestment technologies.

The disposal Ste screening criteria described in this DEIR were developed independently, based on
published federd and Massachusetts disposd Siting criteriaand conforming with the Providence River and
Harbor Maintenance Dredging Project Draft Environmental Impact Statement (USACE, 1998). The
evauation factors used in the Providence River DEIS were reviewed by the USEPA, USFWS, NMFS
and Massachusetts regul atory agenciesto obtain their concurrence with the criteriathat would be the basis
for disposad stedecisons. Theevauation factorswere dso reviewed by the Gloucester Harbor Dredging
Subcommittee.

The digposa site screening process includes four categories of evaluation criteria criteria for all Stes,
criteriafor aguatic digposa dtes, criteriafor upland digposa Sites, and criteriafor beneficid reuses. The
process of ste screening is genericaly illudrated in Figure 4-7.  Each disposd dternative category listed
above underwent this screening andys's, with some variation during one or more stages of the processto
account for the unique i ssues associated with each type of dternative. The Site screening processfor these
categoriesis described in Sections 4.5 through 4.8.

The screening criteria were applied in sequential phases to each of the two mgjor disposa Site option
groups (i.e., upland and aquatic). The first phase of the screening process (“Feasbility Screen”) wasto
eliminate Stesthat are clearly apoor choice for disposal of dredged material because of one or more of
the following: the surrounding land uses (for upland sites), their inaccessibility rdativeto thetype of disposal
proposed, their inability to contain a sufficient volume of materid. Sites that are not feasible disposd
options are permanently diminated from further consderation under the DMMP.

In order to facilitate involvement with the City and the Gloucester Harbor Dredging Subcommittee, and
to provide a concise framework for evaluation and comparison of each digposa Ste, data sheets were
developed which provided information from each Sterelativeto the evauation criteria. These data sheets
were reviewed with the Subcommittee during various phases of the screening process. Maps depicted the
location of these Sites and summary comparison matrices were aso disseminated with the data sheets.

GLOUCESTER HARBOR DMMP DEIR 4-13



SECTION 4.0- ALTERNATIVESANALYSIS

MEPA SCOPE

&
)l

&

i PUBLIC SCOPING SESSION |

l FORMAL PUBLIC COMMENT |

«

| UNIVERSE OF SITES-ZSF |

| WORKING MEETINGS#1 & #2

| ELIMINATED SITES | NO

| WORKING MEETINGS#3 & #4 l—}

v

FEASIBLITY
SCREEN

DMMP CONSULTANT

| WORKING MEETINGS#5 & #6 |_>

CANDIDATE
—> H
STES LY REVIE,
<
Y
EXCLUSIONARY
ACCEPTABLE CRITERIA
YES
A 4
POTENTIAL

ALTERNATIVES

RESERVESITES| Low

RANKING

HIGH
\ 4

R —

DISCRETIONARY
CRITERIA

—» CITYREVIEW

>

WORKING MEETINGS#7, #8 & #9

PROPOSED PREFERRED

ALTERNATIVES

I FEDERAL REVIEW |

(After City Review) |

>
l

A 4

ACCEPTABLE

SCREENING MEETINGS#1 & #2 [——p|

PREFERRED
ALTERNATIVES

v

DRAFT EIR 4—'

DETAILED REVIEW

4—' LOCAL INFORMATIONAL PRESENTATIONS |

FORMAL PUBLIC COMMENT |

Figure 4-7: DMMP Disposal Site Screening Process

GLOUCESTER HARBOR DMMP DEIR



SECTION 4.0- ALTERNATIVESANALYSIS

Sitesthat survived the feasibility screen, i.e. candidate sites, in addition to be being presented to the City
and the Harbor Plan Dredging Subcommittee, underwent exclusonary criteriaandyss. For example, Sites
that were located in areas inhabited by federdly or state-designated endangered species were diminated
from further consderation. In some cases, such asfor the upland disposa andlys's, exclusonary criteria
ggnificantly reduced the number of sitesfor further sudy. In other cases, such asfor the aquatic disposd
andyss, exclusonary criteria had no effect on the screening process. Where it was deemed useful and
practicable, such aswith the candidate aquatic Sites, Ste-specific fid d investigation was conducted to better
characterize and distinguish the Stes. Those gtes that survived this screen were deemed potentia
dternatives.

A seriesof discretionary criteriawere gpplied to each of the potentid dternatives. Each potentid sitewas
eva uated with respect to these criteria and the result was aranking of sites. At this stage in the process,
each of the stes had potential as a dredged materid disposa Site but some Sites had attributes that clearly
diginguished them from the other stes. These “higher ranking” Sites were then elevated to * proposed
preferred” status. These Sites, and the process whereby they were selected, were presented to the City
and federd resource agenciesfor review. These Sites aso underwent more detailed fidd andlyssand the
result wasthe selection of apreferred dternative, whichisthedternativethat isevauated for environmenta
consequences in Section 6.0 of this DEIR.

The following sections of this DEIR are divided to correspond with the four categories of disposal
dternatives consdered for the Gloucester Harbor DMMP.  Sections 4.5 through 4.8, describe the
procedures, screening criteria and results of aternative treatment technology, dewatering, upland and

aguatic disposa Sting andyses.
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45  Alternative Treatment Technology Alternatives

This section describes the available aternative technologies for treatment of UDM, the process for
evauating these technologies, the factors used in the evauation, and the results of this evaluation with
respect to applicability to the Gloucester Harbor DMMP. As discussed in Section 3.0, sediments tested
and determined to be unsuitable for open ocean disposa, contain primarily metals and PAHs that exceed
MBDS reference vaues. Alternative trestment technologies were evaluated in the context of their ability
to ‘treat’ these congtituents of the Gloucester Harbor UDM.

4.5.1 Screening Process

Alterndtive treatment technologies and their gpplicability to the DMMP were evaluated in Phase 1 of the
DMMP (Maguire 1997a) and updated in this DEIR.

Data on the technologies were gathered from severa sources including the USEPA, US Department of
Defense, USACE, Environment Canada, and technology vendors. In addition, the findings of other
dredging projectsinvolving contaminated sediments were reviewed including the BHNIP, various projects
conducted by the Port Authority of New York and New Jersey, Boston Harbor projects, and severa
projectsin European countries.

Theinventory included technology description, trestment cost, and Site demondration information for 14
classes of trestment technologiesincluding: chelation, chemical reduction/oxidation, deha ogenation, fungal
remediation, incineration, in-Situ bioremediation, pyrolyss, durry bioreactor, solid-phase bioremediation,
Solidification/stabilization, solvent extraction, thermal desorption, and vitrification (see Appendix D). An
overview of pretreatment, Sidestream treatment, and residuals management options was aso presented.

As part of thistechnology assessment, a survey of vendors was conducted to gather current information
in severd mgor comparative categories including: ability to trest various contaminant types, effects of
sediment characteristics on the treatment process, potential role of the vendor in a sediment
decontaminationproject, capabilitiesand logistical requirements of the process equipment, and information
on current and projected costs. The results of the vendor survey alowed for acomparative evauation of
the technologies using standard criteria

Specific regulations governing the recycling or reuse of treated sediment have yet to be promulgated in
Massachusetts, however DEP has issued an Interim Policy for the management of dredged materia
proposed for upland disposal (see Appendix B). Currently, proposals for reuse and aternative trestment
technologies are evaluated under 310 CMR 16.00 and 19.00 (Appendix J). A Beneficid Use
Determination(BUD) process (Figure4-8) asdescribed in 310 CM R 19.060 determinesthe acceptability
reusng contaminated media (including sediments).  Under a separate permitting process, there may aso
need to be ademondtration of need (Figure 4-9) for the treated product.

The UDM that is treated must have a beneficid end usein order for approva to be granted. The product
must be vigble, i.e. there must be a practica and marketable use. Also, the product and the treatment
process itsalf must be demonstrated to have no adverse effect on the environment.
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Figure 4-8: Beneficial Use Determination Process
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4.5.2 Description of Treatment Technologies

This section describes exigting sediment decontamination technologies. For each technology, distinct
categories of the sediment decontamination process including: pretrestment technologies, trestment
technologies, sdestream trestment technologies, and resduas management are dso considered.

Pretreatment of the sediment typicaly involves remova of overszed materids and dewatering prior to
tresting the contaminated sediment. The control of objectionable odors (which aretypicaly emitted when
anaerobic sediment is disturbed), may aso be required during pretreatment. Odor control may aso be
required during the trestment stage of UDM management.

Treatment of the sediment involves gpplication of the primary decontamination process (e.g., physcd,
chemicd, biologicd, and/or therma) to reduce, destroy, or immobilize the target contaminants present in
the sediments.  Treatment may include use of a sngle technology or use of multiple technologies (i.e,
treatment “train” or sequence) in order to address the widdy-varying contamination and sediment types.

Sdestream treatment is often required for Sdestream wastes (e.g., offgas, particulate emissons, and
wadtewater) generated during the primary sediment trestment process. These Sidestream wagtestypicaly
require specid handling, treatment, and/or disposdl.

Residuals management involvesthe specia handling of trested solidsfrom the primary sediment trestment
process that may be acceptable for reuse or contain resdua contamination which warrants specia
management and disposdl.

The capabilities and costs of the treatment technology are the main consderation in the sdlection of a
sediment decontamination method. Because sediments often contain amixture of contaminants, the ability
of a treetment technology to handle widdy-varying contaminant and sediment types is very important.
There are many technologies that will trest a Specific contaminant in areatively inexpensve manner, but
require the addition of other technologies in a treatment train to handle arange of contaminants. Use of a
trestment trainincreasesthe costs, handling requirements, potential environmental exposure, and complexity
of sediment decontamination. On the other hand, some individud technologies may be more expensive,
but can trest afull range of contaminants. Although the trestment process normally represents the major
portion of the costs of sediment decontamination, the tota costs including pretreatment, Sidestream
treatment, and residuals management must be considered when choosing between treatment  alternatives.
Public concerns about Sdestream discharges, especidly ar emissions, can preclude the selection of certain
trestment technologies.

As mentioned in Section 2.1, the treatment technol ogy information contained in this section was gathered
fromprevioudy-published sources. All dataon cogts, treatment efficiencies, and reference Stesweretaken
from the SEDTEC (Environment Canada, 1996) and VISITT (EPA, 1996) databases. For those
technologies without codts or reference Stes, no datum was availablein VISITT or SEDTEC.
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Table 4-2 presentsaverage vaues of thetreatment ratesand costsfor the treatment technol ogies described
inthissection aswell asthetotal number of vendorsfor eachtechnology ligedinthe SEDTECand VISITT
databases. The average trestment costs range from $42/cy for in-situ bioremediation to $462/cy for
vitrification. The average cost for dl of thetechnologies considered was $179/cy. These costsare gtrictly
for comparative use and should be consdered preiminary estimates only. Costs are subject to high
variability based on the uncertainties associated with the widely-varying contaminant and sediment types,
concentrations, and ste-specific conditions.

Table 4-2: Cost and Production Rates of Treatment Technologies

Technology Treatment Average Cost | #
Rate (per cubic Technologies
(tong/hr) yard) per Category

Cheation 16 $83 1
Chemical Reduction/Oxidation 172 $232 8
Dehal ogenation 76 $263 15
Fungal Remediation ND $215 2
Incineration 10 $243 8
In-Situ Bioremediation 135 $42 2
Pyrolysis 9 $262 3
Slurry Bioreactor 17 $223 12
Soil Washing 32 $39 19
Solid-Phase Bioremediation 62 $62 51
Landfarming ND $48 2
Composting 40 $73

In-Vessdl Bioremediation 1 $154 3
Solidification/Stabilization 40 $99 1
Therma Desorption 27 $177 52
Vitrification 3 $462 17
Solvent Extraction 37 $182 21

ND = Not enough data

Source: Environment Canada, 1996 and EPA, 1996
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4.5.2.1 Chdation

This process is aform of chemica gabilization that immobilizes metds. Chelation, or complexation, isthe
process of forming a stable bond or complex between a meta cation and a ligand (chelating agent).
Cheating agents, or ligands, may form a single bond (monodentate) or multiple bonds (polydentate) with
the target cation. The more bonds formed, the more stable the resulting complex and the greater degree
of immobilization of the metd contaminant within the complex. Edetic Acid (dso known as
Ethylenediamine- tetraacetic acid, or EDTA) is a commonly used polydentate chelating agent. Process
efficiency ision-specific depending upon the chelating agent, pH, and dosage.

The chelation process for metal immobilization may reduce the leachable meta concentrations adequatdly
to meet the Toxicity Characteristic Leaching Procedure (TCLP) requirements. The TCLP determinesthe
leachability of contaminants from awaste material. Thistesting procedure is used to determineif awaste
is classfied as “hazardous’ based on its potentid toxicity. Treated sediments are the only resduds
generated by the chelation treatment process. Sidestream waste produced from this trestment strategy
condsts of wastewater generated during the dewatering of the treated sediments. Costs given by the
vendor listed for chelation treatment are $83 per cy.

4.5.2.2 Chemica Reduction/Oxidation

Chemicad Reduction/Oxidation technology uses chemica additives to detoxify target contaminants by
conversoninto lesstoxic or immobileforms. Chemica oxidation processeswork by trandferring electrons
from the contaminant to the oxidizing agent. During this process the oxidizing agent, itsdlf, becomes
reduced. Typicd oxidizing agents used in this remediation strategy include various forms of chlorine,
potassum permanganate, hydrogen peroxide, persulfate, and ozone. These chemica oxidants may be
catayzed by ultraviolet radiation or other trangtiond metal additives to form free radicds, thereby
enhancing their oxidation potentidl.

Typicd treatment efficiencies for selected organic contaminants may attain 90 to 95% removal. Sediment
resduas contain excess chemica agents, reaction by-productsincluding dissolved gases that may require
post-treatment monitoring prior to backfill. Sidestream wastesinclude wastewater from dewatering of the
treated sediments and off-gas from the treatment vessel. Wastewater can be recycled into the extraction
process. Costsfor reduction/oxidation treatment range from $39 to $2,805 per cubic yard ($35t0 $2,550
per ton) with an average cost of $232 per cubic yard ($211 per ton) (neglecting the highest value). In
Europe, reduction/oxidation is only used as part of a soil washing train, after remova of fine particles.
Trestment resdua congsts of treated sediment.

Limitations indude:

C Incomplete oxidation may lead to the formation of intermediate contaminants that are more toxic
than the origind;

Dewatering is required before and after trestment;

High organic matter content increases the required reagent dosage;

Potential foaming and gas emissions of treated products, and,

Presence of non-target compounds may react with the reagent additivesto increase the treatment
cost.
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GLOUCESTER HARBOR DMMP DEIR 4-21



SECTION 4.0- ALTERNATIVESANALYSIS

4.5.2.3 Dehdogenation

Dehaogenation is a process which destroys or removes some of the halogen atoms from ha ogenated
aromatic compounds such as polychlorinated biphenyls (PCBs), dioxins, furans, and pesticides by
subgtitution of bicarbonate or glycol for the hdogen (usudly chlorine) aoms. The two most common
dehalogenation treatment processes are base-catdyzed decompostion (BCD) and glycolate
deha ogenation. The BCD treatment process combines a sodium bicarbonate reagent with the dewatered
UDM within a heated oil matrix to remove the haogen atloms from the target compound (e.g. chlorine
atoms on the compound are exchanged for sodium atoms). The glycolate dehad ogenation process uses a
combination of akali metal and polyethylene glycol reagents to degrade hal ogenated organic compounds
such as PCBs, dioxins, pesticides, and chlorobenzenes.

Costsfor dehd ogenation range from $220 to $330 per cubic yard with an average of $263 per cubic yard.
Sidestream wagtes generated by the BCD process include the reaction media (oil with biphenyls, olefins,
and sodium chloride and steam vapor that may contain volatile organic compounds. Sidestream wastes
generated by the glycolate deha ogenation processinclude process water containing water-soluable glycol
ethers, hydroxylated compounds, akai metd sdts, and water (steam) vapor that may contain volatile
organic compounds. Incomplete or ineffective dehal ogenation can produce intermediate toxic daughters
which can be more persstent than the origind contaminant.

4.5.2.4 Fungd Remediation

Funga remediation is a particular subset of bioremediation that employs fungi rather than bacteria to
degrade the contaminant. White rot fungus is the most commonly studied fungus because the enzymes
secreted by the white rot fungus can degrade lignin, the complex organic building block of wood. White
rot fungus has shown the ability to destroy complex organic compounds such as explosives, pesticides,
PAHSs, and PCBs. Although the potentiad of whiterot fungus has been known for over 20 years, therehave
been few commercia gpplications of this remedid technology.

Treatment efficienciesof approximately 50% have beenreported. Costsfor thetwo vendorsoffering fungd
remediation are $165 to $264 per cubic yard. Residuds include the treated sediments. No sidestream
wastes are generated during this treatment process.

Limitations indude:

High contaminant concentrations may be toxic to the fungus;

Does not trest metds,

Unknown how salt water will effect white rot fungus;

Short life of cultured fungi may require frequent reactor replacement; and,

Removad efficiencies of approximately 50% are considered too low to effectively treet
contaminated sediments (the concentration of contaminants may not meet upland disposd criteria).
C Need for continuous monitoring to ensure that funga populaion isthriving
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4.5.2.5 Incineration

Incineration is one of the most commonly-used remediation technologies. Incineration, or therma
oxidation, destroys contaminants using high temperatures in the presence of oxygen and is effective in
destroying awiderange of organic contaminants. Currently in Massachusets, incineration of wastesis not
looked on favorably by the DEP, environmentd groups, or the public. It would be very difficult to Stean
incineration facility in Massachusetts as evidenced by recent efforts to Site a portable thermal oxidizer for
treatment of 30,000 cy of soil near Logan Airport. Other efforts, such as the proposed incineration of
PCB-laden sediments from New Bedford Harbor in the early 1990s were also thwarted due to potential

ar qudity impacts.

Treatment efficiency of theincineration processgenerally exceeds 99.99% and can beashigh as99.9999%
when required for PCBs and dioxin. Costs for incineration range from $55 to $880 per cubic yard with
an average cost of $243 per cubic yard. Incineration costs increase for PCBs and dioxins. Ash is
produced as aresdud materia. Thisashtypicaly contains high heavy metal concentrations and therefore
may require further management/ treetment. Sidestream wastes produced include air emissonsand waste
water (the latter generated as a by product of the air emission control systems required to operate an
incinerator).

Limitationsindude:

C Requires avery low moisture content in sediments;

C Strict feedstock particle sze limitations (1 - 2 inches maximum);

C Gaseous discharges are amaor potentia contaminant emission pathway;
C Heavy metds are not removed or destroyed and are more leachable after incineration;
C Meta's can react with chlorine or sulfur to form more toxic compounds;
C Incomplete combustion of PCBs may produce more toxic dioxins,

C Public opposition;

C Permitting difficulties

C Large area required for equipment layout; and,

C Resdud materid requires further management.

4.5.2.6 In-9tu Bioremediation

In-situ bioremediation isaprocessin which indigenous or inoculated microorganisms(i.e., fungi, protozoa,
bacteria, and other microbes) degrade organic contaminants found in the sediments. In the presence of
aufficient oxygen, microorganisms may ultimately convert many organic contaminants to carbon dioxide,
water, and microbid cdl mass. In the absence of oxygen, the contaminants may be ultimately reduced to
methane, carbon dioxide, and trace amounts of hydrogen gas. In-Situ bioremediation processes have been
successfully used to treat petroleum hydrocarbons, certain solvents, pesticides, and other organic
chemicds Noresduasor sdestream wastes are produced since thetreatment occursin-place. However,
sometimes contaminantsmay be degraded to intermedi ate productsthat may beequaly, or morehazardous
and persgtent than the origind contaminant.

Treatment efficiency of the in-gtu bioremediation process generdly exceeds 90% and can be as high as
99%. Codsfor in-stu bioremediation range from $6 to $116 per cubic yard with an average cost of $42
per cubic yard.
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Limitations indude:

Extended remediation times on the order of years to decades;

High concentrations of heavy metas and contaminants may be toxic to microorganisms,

Bioremediation dows at low temperatures,

Not al organic compounds are biodegradable;

Bioremediation rates are limited by the concentrations and bioavailability of PAHS, PCBs and

pesticides in the sediments; and,

C Heterogenous geologica conditions and low permeability soils (less than 10° cm/sec) are not
favorable for in-gtu bioremediation.
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4.5.2.7 Pyrolyss

Pyrolyss involves the destruction of organic materid in the absence of oxygen. The absence of oxygen
dlows separation of the wagte into an organic fraction (gas) and an inorganic fraction (sdts, metas,
particulates) as char materid. Pyrolyssis normaly used to treat high concentrations of organics (e.g.,
semivolatile organic compounds and pesticides) that are not conducive to conventional incineration.
Resduds produced by the pyrolysis process consist of ash, often containing heavy metals. Sidestream
wastes include ar and wastewater. Air emissons typicaly contain carbon monoxide, hydrogen and
methane. Wastewater is via pretrestment dewatering and via the second stage of the pyrolysis process
when pyrolytic gases (produced during primary trestment) are destroyed in asecondary reaction chamber.
The wastewater is generated by a scrubber system which removes particulate contaminants from the
pyrolytic gases prior to release to the atmosphere. The wastewater may contain hydrogen, methane and
some hydrocarbons.

Treatment efficiency for the pyrolyss technology generdly exceeds 99%. Codts for the two vendors
offering pyrolysisare $248 and $275 per cubic yard. Mgjor factorsaffecting thisestimate arethe condition
and properties of the feed sediment (i.e., moisture, tota contamination, and soil characterization).

Limitations indude:

C Reguiresavery low moisture content (<1%o) in sediments (which requires pretreatment deweatering
and Sdestream wastewater requiring further trestment);

Strict feedstock particle Sze limitations;

Gaseous discharges are amajor potentia contaminant emission pathway;

Heavy metas are not removed or destroyed, but are not more leachable after pyrolysis,

Public opposition;

Permitting difficulties; and,

Site space limitations.
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4.5.2.8 Surry Bioreactor

A durry bioreactor isacontrolled biologica trestment vessal where the contaminated sedimentsaretreated
inadurry form at alow solids content. The sediment is mixed with water to apredetermined concentration
dependent upon the concentration of the contaminants, the rate of biodegradation, and the physica nature
of the sediments. Surry bioreactors can treat a variety of organic contaminants including chlorinated and
non-chlorinated volatile organics, PAHS, PCBs, and pesticides.
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Typicd treatment efficiencies of greater that 90% can be attained in adurry bioreactor. Treatment costs
range from $6 to $825 per cubic yard with an average cost of $223 per cubic yard. Treatment residuas
indudeprocessed soils. Sidestream wastesinclude wastewater from dewatering thetreated durry and off-
gas from the treatment vessd.

Limitationsindude:

Heavy metds a high concentrations can inhibit microbia degradation;
Treatment and disposal of wastewater from durry dewatering;

Dewatering is required after treatment;

Equipment operation and maintenance isintensve;

Higher energy costs than solid-phase bioremediation;

Organic destruction efficiencies are generdly low at low concentrations; and,
Low cleanup standards may be difficult to meet for recacitrant organics.
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4.5.2.9 Soil Washing

Soil washing refersto the process of usng water to physicaly separate the sediments by particle Szeinto
a reusable bulk fraction and a smdler fraction containing concentrated contaminants. Since organic
contaminants are often sorbed to the finer it and day particles, sparation of this fine fraction from the
sandy sedimentsallowsreuse of thetypically non-contaminated sandsand accomplishesavolumereduction
of thetota contaminated sediment mass. It isadso possble to amend the wash water with surfactants to
ad in digpersng soil particles; and chelating agents, acids, or bases to separate the contaminants from the
sediment. Soil washing hasthe potentid to treat avariety of contaminantsincluding PAHs, PCBs, fud ail,
heavy metds, radionuclides, and pegticides.

Typicd trestment efficiencies are greater than 90% for volatile organics, 70 to 95% for metals, and 40%
to 90% for semivolatile organics. The cogt of soil washing ranges from $20 to $220 per cubic yard with
anaverage cost of $89 per cubic yard. Residuasinclude asand fraction, asuspended fine particle fraction
and aremaining soil fraction. Thewaste Stream includeswash water with amendmentsand suspended fines.

Limitationsindude:

Soil washing is only margindly effective for sediments composed primarily of clays and silts;
Maximum particle Sze typicaly 0.5 cm;

Remova of fines from wastewater may require the addition of polymer flocculent;
Treatment and disposal of water from pre-trestment dewatering;

Treatment and disposa of amended washwater,

Treatment and disposa of post-treatment dewatering.
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45.2.10 Solid-Phase Bioremediation

Biologica degradation of contaminantsisanaturally-occurring process. Bioremediationisthe acceleration
of thenatura biodegradation processesby controlling moisture content, temperature, nutrients, oxygen, and
pH to create the optima environment. For purposes of this discusson, the varieties of solid-phase
biologica treatment processes have been divided into three categories based on leve of engineering:
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landfarming, compaosting, and in-vessel bioremediation. Solid-phase biologica trestment technologiesare
used primarily to treat VOCs and petroleum hydrocarbons. It is dso possible to treat PAHs, PCBs,
hal ogenated organic compounds, explosives and pesticidesto some degree, especidly inthe more highly-
engineered in-vessd systems.

Costs for al solid-phase bioremediation technologies range from $3 to $264 per cubic yard with an
average cost of $62 per cubic yard. Solid-phase bioremediation is used on a production scalein Europe,
especidly in The Netherlands, Germany, and France.

45211 Landfarming

Landfarming isthe least engineered of the solid-phase bioremediation treatment processes. Landfarming
consgts of spreading the contaminated sediments over a large area of land and periodicdly tilling the
sedimentsfor aeration. Environmenta conditions are controlled by watering (moisture content), fertilizing
(nutrient concentration), tilling (oxygen concentration), and lime addition (pH) to accelerate natural
bioremediation. Organic matter is usudly added to retain moisture, provide additional nutrients, and asa
supplemental food source (bacteria bioremediation). However, the addition of organic matter may
increase the volume of the UDM. Temperature cannot be regulated to a great extent, limiting the
goplicability of landfarming in cold climates. Since oxygen is added by tilling, the thickness of the soread
contaminated sediments is limited to the tilling depth; therefore, a large area of land is required for
landfarming. Landfarming may aso incorporate the use of polyethylene liners to control leaching of
contaminants.

Treatment efficiencies are highly variable but generdly greater than 90% for contaminants amenable to
aerobic bioremediation. The effectiveness in remediating petroleum hydrocarbons has been widdy
demonsgtrated. The cogts for the two vendors offering landfarming are $44 and $52 per cubic yard.

Limitations of Landfarming indude:

C Open landfarming may not be practical in regions of heavy annud rainfal precipitation and/or cold

cdimae;

Does not remediate inorganic contaminants,

Inorganic contaminants may leach from contaminated sediments into ground;

Ineffective for treetment of high molecular weight PAHs and highly chlorinated PCBS,

Anaerobic bioremediation processes can generate odors,

Of the solid-phase bioremediation treatment processes, landfarming offers the least control over

environmenta conditions,

C Of the solid-phase bioremediation treatment processes, landfarming offers the least control over
collection of off-gas,

C Of thesolid-phase bioremediation treatment processes, landfarming requiresthelargest space; and,
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C Of the solid-phase bioremediation treatment processes, landfarming requires the longest cleanup
time.

4.5.2.12 Compodtin

Composting is the middle leve of the engineering hierarchy of the solid-phase bioremediation trestment
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processes. The two mgjor variations of the composting process discussed here are windrow and aerated
datic pile. The windrow is a pile typicdly 6-10 feet high, 15-20 feet wide and hundreds of feet long.
Windrows are mechanicaly turned twice aweek to once ayear to agrate the pile, control the temperature,
and create amore uniformly mixed materid. Turning of the pilerdeases odors. Composting is completed
in one month to afew years depending on the contaminants and the level of maintenance of the windrow.
Maintenance typicdly includes maintaining optima moisture content, temperature, oxygen and nutrient
concentrations. Depending on the soil particle sze digtribution and organic meatter content, additional
organic matter may need to be added to the UDM prior to composting. This could sgnificantly increase
the volume of theUDM to betrested. Thetreatment resdua produced by composting isthetrested UDM.
Sidestreamwastesinclude off-gas and leachate, each of which may require further trestment/management.
Off-gaseswith objectionable odorsmay be controlled by composting within an enclosed domeor structure
to dlow for off-gas collection and control.

Treatment efficiencies are highly variable but generdly greater than 90% for contaminants amenable to
aerobic bioremediation. The cost of composting ranges from $25 to $198 per cubic yard with an average
cost of $73 per cubic yard.

Limitations of compogting include:
C A large space isrequired;
C Questionable effectiveness for treetment of high molecular weight PAHs and highly chlorinated

PCBs,
C Requires months of remediation/trestment time;
C Can generate odors; and,

C Coallection of off-gasisdifficult.

45.2.13 In-Vessd Bioremediation

In-vessel bioremediation is the most engineered of the solid-phase bioremediation trestment processes.
In-vessal biologica treatment is often referred to asin-vessd composting. Hereit is discussed separatey
gncethistreatment technology alowsfor easier maintenance of anaerobic conditions. Anaerobic microbid
pathways are typicaly used to degrade diphatic haocarbons (e.g. trichloroethylene, perchloroethylene,
etc.). Treatment congsts of placing the contaminated sediment mixture in engineered trestment enclosures,
or “bioreactors’ with leachate collection syslems and aeration equipment. In-vessd composting is
completed in a couple of weeks and the pile is normdly alowed to cure for an additiond one to three
months. In-vessel syssems dlow dricter environmenta controls, faster composting times, odor collection
and treatment, smaler area requirements, and can handle a wider variety of contaminants. In-vesse
techniques aso adlow for added security measures a the treatment Site (i.e.: accessto the bio-reactor can
be controlled). Thetreatment resdua isthetreated UDM. Sidestream wastesincludeoff-gasand leachate,
each of which may require further trestment/management.

Typicd treatment efficienciesrangefrom 70 to 95%. Typica costsrange from $33 to $220 per cubic yard
($30 to $200 per ton) with an median cost of $154 per cubic yard.

Limitations of In-Vessd Bioremediation include:
C Ineffective for remediating inorganic contaminants;
C Difficult to trest high molecular weight PAHs and highly chlorinated PCBS,
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C Most expensive of the solid-phase bioremediation trestment processes; and,
C Emission controls for off-gas may be required.

4.5.2.14 Solidification/Stabilization

Solidification/stabilizationis effective a immohilizing contaminants and are amnong the most commonly used
remediation technologies. Solidification/stabilization involves mixing reective materia with contaminated
sediments to immobilize the contaminants.  Contaminants are physicaly bound or enclosed within a
dabilized mass (solidification), or undergo chemica reactions with the stabilizing agent to reduce ther
mobility (Sabilization). Binding of the contaminants to the sediment reduces contaminant mobility viathe
leaching pathway. A typical trestment process includes homogenization of the feed materia followed by
mixing of solid or liquid reagents with the feed materid in apug mill. Three specific categories examined
in this screening include asphdlt, cement, and lime solidificatior/stabilization.

Sdlidification is the process of diminating the free water in asemisolid by hydration with a setting agent or
binder. Typicd binder materids include cements, kiln dust, and pozzolans such as limeffly ash. Binders
used in Germany and France are bentonite and Portland cement. Solidification usudly provides physica
dabilizationbut not necessarily chemica dabilization. Physical sabilization refersto improved engineering
properties such as bearing capacity, trafficability, and permesability. Although solidification/stabilization
technologies are not generdly gpplied to organic contaminants, physicd stabilization can dso immoabilize
contaminants since the contaminants tend to be bound to the fines, which are physicaly bound in the
Solidified matrix. Chemica sabilization isthe dteration of the chemica form of the contaminants to make
them resistant to agueous leaching. The solubility of metasis reduced by formation of meta complexes,
chelation bonds, or crysaline precipitates within the solid matrix, usng chemica additives and through
control of pH and dkainity. Anions, which are more difficult to bind as insoluble compounds, may be
immobilized by entrapment or microencapsulation. Chemica stabilization of organic compoundsisnot very
reliable. Results of reactions of binders to the contaminated sediment are not always predictable due to
varying contaminant typesand concentrationswithin thetest materid. Therefore, |aboratory leachtestsmust
be conducted on a sediment-specific basis.

Asphalt Batching

Asphdt batching is a commonly used technology in Massachusetts and has been proven effective in
immobilizng TPH, VOC, and PAH compounds. Contaminated solids are blended with asphalt emulsons
inapug mill. The asphdt-emulson-coated materid is stockpiled and alowed to cure for approximately
2 weeks. Pretreatment requirementsinclude dewatering and Size classification by screening or crushing to
less than 3-inch diameter. End product can be recycled as a stabilized base materid for parking lots or
roadways.

Cement Solidification/Sabilization

Cement solidification/stabilization involves mixing the contaminated sediments with Portland cement and
other additives to formasolid block of stabilized waste materid with high Structurd integrity. Silicaceous
materids such as fly ash may be added to stabilize a wider range of contaminants than cement aone.
Cement solidification/stabilization is mogt effective for inorganic and metalic contaminants.
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Lime Sabilization

Limefly ash pozzolanic processes combine the properties of lime and fly ash to produce low-strength
cementation. Limestabilization involvesmixing the contaminated sedimentswith limein asufficient quantity
to rase the pH to 12 or higher. Rasng the pH results in chemica oxidation of the organic matter,
destruction of bacteria, and reduction of odor. Lime stabilization is commonly used to treat wastewater
dudge and is primarily effective for organic contaminants and microbid pathogens.

Typicd trestment efficiency of the solidification/stabilization process ranges from 75% to 90%. Costs
range from $48 to $330 per cubic yard with an average cost of $99 per cubic yard. Residuas produced
from trestment are stabilized blocks of sediment materid. Air emissons are the main Sdestream waste
produced during the trestment operation

Limitationsindude:

C May not be particularly effective for organic contaminants, particularly VOCs,

C Fine particles may bind to larger particles preventing effective bonding of the binder materid;

C Inorganic sats may affect curing rates and reduce strength of stabilized product;

C Organic contaminants may volatilize dueto heat generated during the reaction (possibly prompting
the need for air emission permits); and,

C High moisture content requires increased amounts of reagent.

45.2.15 Solvent Extraction

Solvent extraction is Smilar to soil washing in that the technology produces avolume reduction of thetota
contaminated materia, however, solvent extraction focuses on extracting the contaminants from the
sediments using organic solvents. Contaminated materia volume reductions of 20 times or more are
attainable. Solvent extractionistargeted primarily at organic contaminantsincluding PCBs, PAHs, VOCs,
petroleum hydrocarbons, and chlorinated solvents. This technology is not particularly applicable to
inorganics, with the exception of organically-bound metas, which can be extracted. Resduasincludethe
treated UDM, often with traces of extraction solvent. Sidestream wastes include waste water from
pretreatment and post-trestment dewatering, off-gas from the treatment vessdl, and spent solvent used
during the extraction. The solvent is usualy purified and recycled.

Treatment efficienciesfor the solvent extraction process generdly exceed 90% and are typicdly inthe 98-
9% range. The costs ranges from $21 to $567 per cubic yard with an average cost of $182 per cubic
yard.

Limitationsindude:

Less effective for sediments composed primarily of days and sits;
Not typicaly effective for remova of inorganic compounds,
Treated s0il may contain residua concentrations of solvent;
Maximum particle sze 0.5 cm;

Treatment and digposa of wastewater from dewatering; and,
Dewatering is required after treatment.
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45.2.16 Therma Desorption

The thermd desorption technology employs high temperature to volailize organic contaminants. Thermd
desorption technologies are divided into high temperature and low temperature categories. Thermd
desorption is a remova process that gpplies to contaminants that are volatile at the process operating
temperatures. Primary targets of treatment are organic contaminantsincluding PAHSs, VOCs, pesticides,
and chlorinated solvents. This technology is not gpplicable to inorganic compounds, however, volatile
metas, such as mercury, can be extracted.

High-Temperature Thermal Desorption

The high-temperature process uses temperatures between 600 °F and 1,000 °F. At these temperatures,
agregter range of contaminants are volatilized including some metas (which may not be desirable).

Low-Temperature Thermal Desorption

The low-temperature process uses temperatures between 200 °F and 600 °F. The lower temperatures
do not volatilizemetds. Most commercid low-temperaturetherma desorption unitsare of therotary dryer
or therma screw design.

Treatment resdud isthe treated sediment. Sidestream wastesinclude air and water emissons. Pollution
control devices are required to reduce particulatesin the ar emissons. Water wastesinclude pretreatment
dewatering and wastewater produced by the air pollution control system. Cogts for therma desorption
range from $11 to $908 per cubic yard with an average cost of $177 per cubic yard.

Limitationsindude:

Optimal moisture content less than 60%;

Gaseous discharges are amajor potentia contaminant emisson pathway;

Feedgtock particle Sze limited to 2 inches maximum;

Tightly bound contaminantsin clayey and silty sedimentsincreaseres dencetimerequirements, and,
Most heavy metdls are not removed or destroyed.
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45.2.17 Vitrification

Vitrification technology uses high temperatures, above 2,900 °F, to melt and convert contaminated
sediments into oxide glasses, thus achieving destruction of organic contaminants and stabilization of
inorganic contaminants. The resulting glass is nontoxic and suitable for recycling or landfilling as a non-
hazardous materid. Vitrification technology is gpplicable to dl types of contaminants. Vitrification
immobilizes inorganic contaminants in a solidified glass matrix and destroys organic contaminants with the
high temperature involved in glass production.

The trestment efficiencies range approach 99% or greater for most target contaminants.  Vitrification is
one of the most expensve technologies, however, since vitrification can act as a sand-alone technol ogy,
the cost of vitrification can compete when atrestment train of other technologiesisrequired. The cost of
vitrification ranges from $66 to $1540 per cubic yard with an average cost of $462 per cubic yard.
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Limitations indude

C Gaseous discharges are amgjor potentia contaminant emission pathway;;
C Crestes aglass materid that must be reused or disposed,

C More expensive than incineration; and,

C Molten product requires long cooling period.

4.5.3 Screening Factors

To evaluate dternative sediment decontamination technologies, a survey was performed of potentia
vendorsof trestment systems. Potentia vendorswereidentified fromtheVISITT and SEDTEC databases.
Each vendor was provided with a sediment decontamination technology vendor questionnaireto complete
ether on-line or through the mail. A copy of the questionnaire is provided in Appendix D. The
guestionnaire was devel oped and administered in order to obtain information for a comparative andyss
of trestment technologies. Results of this questionnaire dlowed development of aconsstent set of results
induding Ste conditions, sediment characteristics, target cleanup levels, treatment options, and cost
elements to eva uate sediment decontamination processes and vendors.

The vendor questionnairewasdivided into severd comparative categories. The mgor categoriesincluded:
Busnessinformation, Ability to Treat, Effectsof Sediment Characterigtics, Vendor Involvement, Process
Information, and Cost. These elements, as well as severd practicability criteria were gpplied to each
technology. In addition, DEP Solid Waste Management staff were consulted regarding specific case-
studiesand experiencein the gpplication of dternativetrestment technol ogiesto dredged materiad and other
media within the Commonwesdlth (see Appendix K for DEP comments and Section 4.5.4 below for
detailed screening).

4.5.3.1 Ability to Trest

The ability of the technology to treat the contaminants that may potentialy be present in the dredged
sediments such as metds, PAHS, PCBs, and TPH is a primary consderation in evauating trestment
technologies. The vendor was asked to categorize their technology for its ability to provide
immohbilization, remova, destruction, or no effect on the target contaminants. In addition, the typica
treatment efficiencies and operating ranges (i.e.,, low and high contaminant levels) were to be identified.
Specific individua contaminant exceptions within each of the four mgor contaminant groups were aso to
be identified in this section.

4.5.3.2 Effects of Sediment Characterigtics

This category contains information about the sengitivity of the treatment technology to variations in the
physical and chemica properties and characteristics of the dredged sediments. Requested information
included the maximum particle Sze accepted by the trestment system and the optimal solids content
recommended for the trestment system by the vendor. More detailed information was requested on the
effects of specific sediment characterigtics on the treatment technology. These characterigtics included
sandy, silty, clayey, low and high moisture content, low and high organic content, and high meta's content.
Choices provided for describing the effects of the sediment characteristics on the trestment technology
included favorable, no effect, impedes, or unknown.
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4.5.3.3 Process Information

This category contains information specific to the design and implementation of the vendor’ s technology.
The most critica piece of informationin this category isthe current scae of devel opment of the technology.
Choices included laboratory, pilot, or full/commercid scale. Thetotal number and Site-specific references
were requested of those vendors with full scale operations. Process-specific information requested
included pretreatment requirements, treetment batch size and trestment time, maximum system throughpui,
resduds generated (e.g., liquid, solid, gas, none), and residud disposa requirements. In addition, any
specid site- or process-pecific needs such as power, water, safety, or permitswereto beidentified inthis
section.  Other process-specific information included mobilization and demobilization times and layout
Space required.

4.5.3.4 Cost

The capabilities and costs of the treetment technology, in combination with the time required to process a
given volume of sediment (see throughput below), are akey condgderation in the selection of a sediment
decontamination method. The average cost of sediment decontamination technologies is rdatively high
ranging from $70 to $170 per cubic yard. In comparison, contaminated sediments from the BHNIP will
be disposed of in CAD cells within the footprint of the area to be dredged at an estimated disposa cost
of $36 per cubic yard.

4.5.3.5 Throughput

The vendor survey found that the trestment technologies generdly have low throughput ranging from 30
t0 2,000 cy per day. Thetreatment technologies eva uated for the BHNIP werergected partialy because
the low throughput would congtrain the viability of theproject. Throughput rates must be considered dong
with the number of days alowed for dredging and the volume of materia to be dredged. In Gloucester
Harbor, dredging isdlowed only inthe late fal and winter months to protect sendtive spawning activities.
There are approximately 100 working days (Monday through Friday) in any one dredging season. For a
project of 100,000 cy, 1,000 cy of sediment would need to be dredged each day. For smaller projects,
dower throughpuit rates could be adequate, but for large projects, dredging rates of 5,000 - 10,000 cy per
day aretypica. Ten of the vendors reported throughput rates equa to or greater than 1,000 cubic yards
per day, but the mgjority of processes have much lower throughput rates, in the hundreds of cubic yards

per day range.

4.5.3.6 Demondgtrated Success

The reaults of the vendor survey and pilot-scae testing for the Port of NY/NJ cast doubt on the assertion
that technologiesare not available and proven. The vendors surveyed reported an average of 32 reference
gtes for full-scde implementation, and approximately haf of the vendors reported 5 or more full-scde
implementations of their technology. However, the ability of atrestment system to handle widdy-varying
sediment and contaminant types remains a chalenging issue.

4.5.3.7 Logidics

The availability of space, utilities, time, and other logistics are Ste-gpecific issues not addressed in this
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report other than to mention the importance of consdering such issues.

4.5.3.8 Permitting | ssues

Two issues make permitting of trestment facilities particularly difficult in Massachusetts Sdesireams and
resduds management. Public concerns about Sdestreams such as gaseous emissions can bring
overwhdming opposition to thesiting of atreatment facility. Residuas management isdiscussed separatdy
below.

4.5.3.9 Resduds Management

The cogts incurred while managing resduds can eedily result in atrestment option that is not economicd.
Inthe best case, the residua s can potentially have acommercia vaueto hel p offset trestment costs. Based
on the documents contained in Appendix C, it appears that there is limited gpplicability of the following
residuas management options: landfill digposal, recycling aslandfill cover, and recyding asasphdt materid.
In addition, the uncertainties associated with the reuse option will greatly limit its applicability until
regulations/policies have been promulgated. Although 88% of the vendors claimed that the treated
sediments could be reused, it appears based on discussions of specifics with the vendors that many of the
potentid reuse options are fill conceptua and not actudly available.

4.5.4 Screening Results

The results of the dternative treetment technology inventory (presented below) were used to evaluate the
potentia for gpplication of these technologies to sediments to be dredged from the Gloucester Harbor.
The survey results are asfollows:

C 77% of the technologies are a the full scale/lcommercia scale of development;

C Vendors offering full scale/commercia technologies have an average of 32 reference sites per
vendor;

C Average throughput for al technologiesis 754 cubic yards/'day (838 tons/day);

C Average treatment cogts for al technologies range from $70 to $167 per cubic yard; and,

C The top 4 factors affecting price are: 1) quantity of sediments, 2) moisture content, 3) target
contaminant concentration, and 4) characteristics of sediments.

The following is a summary of the practicability of each technology for tresting UDM from Gloucester
Harbor. Table 4-3 summarizes each technology with respect to the screening factors described above.

4.5.4.1 Chdlation

This processis used mainly as ameans of controlling leaching of metas but it is not particularly effective
onorganic compoundsor dredged materia conssting of siltsand clays (which make up asignificant portion
of the sediments to be dredged from Gloucester Harbor). After chdation, metals leaching, even in
sediments containing relatively high heavy metal concentrations, istypicaly not aproblem following upland
diposa. Also, chdation is not effective in treating organic contaminants such as PAHs, which are
prevaent in Gloucester Harbor sediments. Chdlationisrdatively inexpensive compared to other treatment
technologies ($83/cy), but it requires extensive pretreatment and residua's management.
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Table 4-3: Summary of Treatment Technology Characteristics

Technology

Major Advantages

Major Disadvantages

Chdation

relatively moderate cost; excellent
for metal s treatment

not effective for organics

Chemica Reduction/Oxidation

effective for most organics and
inorganics

cost, ineffective for some PAHS,
potential toxic residuals

Dehalogenation

excellent removal efficiency for
PCBs and chlorinated pesticides

cost, ineffective for metals and
PAHSs

Funga Remediation

low technology requirements

low treatment efficiencies, cost

Incineration

high treatment efficiency

permitability, air emissions, cost

In-Situ Bioremediation

high treatment efficiency, relatively
low cost

long treatment time, not effective for
al organics

Pyrolysis

high treatment efficiency

requires low moisture content, cost,
permitability, air emissions

Slurry Bioreactor

effective for treating metals and
organics, contained within vessels

cost, ineffective for some organics
a low levels

Soil Washing

low technology, relatively low cost

not appropriate for siltsand clays

Solid Phase Bioremediation

Landfarming

Composting

In-Vessd Bioremediation

relatively low cost, low technology

relatively low cost, low technology

relatively low cost, low technology

good treatment efficiencies

slow process, large land area
requirement

slow process, large land area
requirement, metals not treated

slow process, large land area
requirement, low effectiveness for
PAHs

not effective for inorganics or
HMW PAHS, cost

Solidification/Stabilization

reusableresiduals (ie: as structural
fill), relatively moderate cost,
proven track-record for large UDM
volumes

ineffective for some organics

Thermal Desorption

high treatment efficiency

requires|ow moisture content, cost,
permitability, air emissions

Vitrification

high treatment efficiency

requires low moisture content, cost,
permitability, air emissions

Solvent Extraction

effective in treating organics

not effective for metals, possible
toxic residuals, not effective for
silts/clays

Key: HMW=
PAH=
PCB=

UDM=

High Molecular Weight
Polycyclic Aromatic Hydrocarbon
Polychlorinated Biphenyls

Unsuitable Dredge Material
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4.5.4.2 Chemica Reduction/Oxidation

This process is effective in removing inorganics and organics that are present in dredged materia.
Throughput (172 tons per hour) isrelatively high compared to other technologies, however, itscost is high
($232 per cy). For example, atypica marinadredging project containing 10,000 cy of UDM would cost
about $2.3 million for trestment alone. Removd rates of 90 - 95% have been reported. Full scale
operations have reported relatively low throughput rates of 200 tons/day.

4.5.4.3 Dehdogenation

Dehadogenation processes are engineered to destroy or remove some of the halogen atoms from
halogerated organic compounds such as PCBs, dioxins, furans, some solvents and some pesticides,
thereby rendering them lesstoxic. However, these are not the chemicals of concern in the mgority of the
Gloucester Harbor sediments.

4.5.4.4 Fungd Remediation

This remediation processisrdativey inefficient in its remediation capacity (50% removal). The process
iS not effective in treating heavy metd contaminants and its effectiveness in sdt-water media is poorly
known. In addition, the average cost is $215 per cy.

4.5.4.5 Incingration

Incineration is one of the most commonly-used remediation technologies. However, there are severd
disadvantages to this technology, particularly the air emissons generated from the process. Public
oppositiontoincineration hasbeen strong. A small portabletherma oxidizer was proposed to treat 30,000
cy of on-gte generated soils (contaminated with petroleum products only) a an isolated areaover amile
from the nearest resident near Logan Airport. Public opposition was so strong that the proposal was
withdrawn.

There are severa technica shortcomings aswell: heavy metds are not destroyed and may become more
leachable after incineration; the technology is not effective on high moisture content (like sediments); and,
gaseous discharges are created as anew contaminant pathway. The average cost isaso high at $243 per

oy.

4.5.4.6 In-Situ Bioremediation

I n-situ bioremediation technol ogies have been utilized in Massachusetts for trestment of oil and hazardous
materids at contaminated upland sitesand could potentidly be used for contaminated sediment if theintent
isto only remediate the sedimentsin-place. Thisis not the case for the DMMP as sediments need to be
removed to provide safe navigation. Therefore in-situ bioremediation techniques were not considered as
aviable dternative trestment technology. Ex-gtu bioremediation techniques involve subjecting the UDM
to bioremediation techniques a a remote location, following remova from the dredge site. Ex-Situ
bioremediation is consdered a viable dternative treatment technology. Funga remediation and various
s0lid phase bioremediation techniques were found to have potentia application for treetment of UDM and
are discussed individudly in this document.
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4.5.4.7 Pyrolyss

Pyrolyss is very smilar to incineration discussed above, except thet it is used to treat very high levels of
organics that are not conducive to conventiona incineration. Like incineration, low throughput rates and
high unit costs as with incineration are encountered with the use of pyrolyss.

4.5.4.8 Surry Bioresctor

This technology would require pre and post-trestment actions and extensive Sidestream controls. Also,
its effectiveness in treating low levels of organic contaminants is minima. Treatment and digposd of
wastewater from durry dewatering isaso required. The average cost of thistreatment system is$223/cy.

4.5.4.9 Soil Washing

Soil washing is one of the most common methods for trestment of dredged materid. It has been used in
the United States and is extensively used in Europe.  This technology involves two main stages; particle
separation, and, washing by water. Wash water amendments such as chelating agents, acidsor surfactants
can be added to the process to aid in contaminant removal, soil particle dispersal/separation, or both.
Despiteits red world usage for large volumes of dredged materia, soil washing is not effective in tregting
glt and clay sediments, which comprise the mgority of sedimentsto be dredged from Gloucester Harbor.
Sediments that contain ahigh sand fraction, such asthe Annisquam River Channd, could benefit from this
technology, but at a cost of $89 per cy.

45.4.10 Solid-Phase Bioremediation

This technology includes three basic categories of processes. landfarming, composting, and in-vess
bioremediaion. Landfarming and composting require large areas of land to be effective, because the
sediment requiresthinning and gpreading. Landfarming doesnot remediate metdsand isineffectivefor high
molecular weight PAHS, whichis one of the primary contaminant types in Gloucester Harbor sediments.
The same limitations are noted for compogting. At an average cost of $62 per cy, this is the least
complicated and among the least expensive of the treatment technologies.

In-vessal bioremediation is more than twice as expensive aslandfarming or composting becauseit involves
engineered tretment enclosures with leachate collection systems and aeration equipment. It too is not
effective in remediating metals and is only margindly effective in tregting high molecular weight PAHS.

45411 Solidification/Stabilizetion

Solidification is effective at immobilizing inorganic contaminants and is one of the most commonly used
remediation technologies. It has been used in New Jersey at severd shoreline dtes including a Stein
Elizabeth, where the treated dredged materid is being used as structurd fill for anew sho