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Project Title. Unconfined, Open-Water Disposal Sites for Dredged Material,

Phase I (Central Puget Sound), Puget Sound Dredged Disposal Analysis (PSDDA).

Program Description Abstract. This final envtronmental impact statement
(UEIS) evaluates alternatives considered in identifying preferred sites for

disposal of dredged material in central Puget Sound (Phase I area of the PSDDA

study shown in figure 1).

Three public mul.,iuser disposal sites (Commencement Bay, Elliott Bay, and Port

Gardner) are identified for use based on a site selection process which

considered several alternative sites. Alternative biological effects

conditions for site management have been considered and a site condition

identified for purposes of dredged material management at the Phase I sites.

Documents Adopted by Reference. The PSDDA Management Plan Report (MPR) is

adopted by reference aq .part of this FEIS.

Principal Agencies.

U.S. Army Corps of Engineers, Seattle District (Corps)

U.S. Environment&l Protection Agency, Region X (EPA)

Washington Department of Natural-Resources (PNR)

Washington Department of Ecology (Ecology)

Proposed Date for Implementation. October 198b.

Lead and Cooperating Agencies for National Environmental Policy Act/Stite

Environmental Policy Act Action. The FEIS was prepared as a joint National

Environmental Policy Act (NEPA-/State Environmental Policy Act (SEPA) action

by the principal agencies (pursuant to 33 CFK 230.20).

NE!'A Lead Agency: Corps NEPA Cooperating Agency: EPA

SEkA Lead Agency: DNK SEPA Cooperdtxng Agency: Ecology

Responsible Officials.

Corps: Colonel Philip L. Hall DNR: Brian Boyle, Commissioner

District Engineer Public Lands

Seattle District, Corpst Washington Department of

of Engineers Natural Resources r
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EYA: Roble G. Rusbeli Ecology: Chtrisatnt U. Grepoire.
Regional Adatnistrator Director
EPA, Regiun X ,sihington Department

of Ecology

Contact Persons.

Corps: Frank J. Urabtck, Director DhlR: Steve lilley, Aset. IKgr.

Puget Sound Dredged Aquatic Lands Division
Disposal AnaIysts 1)0 M/S Qw-21

Seattle District, Corp, of Olympia, Uashington 98504
ELgineers ;elephonv (106) 586-637'd

Post Office box C-37 5
Scatte, 1.4atlinytoo 98124

Telephone (2Ob) 764-3708

AdditionAl Actions keluired. Designation and ev-ntu,,! ube uS thr bitrb will

require the following actions:

ResponsIble Entity Act Ion

U.S. Aray Corps of Engineers, 40 CF!I 230.80 - Federal Advanced
Seattle District identIflc~tion of Disposal Sites

Sections 10 And 404 Ier*Jts for
Specific Lbredgink Projects (for

disposal site use)

U.S. Fnvirone,,tal Irutrction 41. Ltk 234.80 - I rdtri A4voncrd Id-nif-
Agency, Region X fication of Disposal Sites

Washington Department of "atural Dredged haterlal Dis.ossi Pereits for
Resources Specific Dredging Projects (for

disposal oite use)

I6ashington Department of Ecology Section 401 lister Quality Certifications
for Specific Dredging Vrojects (for

disposal site use)

Washington Departments of Fisheries hydraulics Project Approvas for
and Wildlife Specific Dredging krojects (for

disposal site use)

Lity of Seattle, Lity of Lverett, Shoreline Substantial Development
and Pierce Lounty Peraits for the h1spo, 01 Situs U1t],)n

Ach Jurisdiction

Subsequent Environmental Review. After completion of the Phase I portion of

the PSDDA study, Individual dredging projects vherc unconfined, open-Vater
disposal at the identified sites is being proposed, will be reviewed for
coupliance with the appropriate regulatory requirements, 4s s pecified above.
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Authors - Principal Contrilbuors to the Final ElS. Staff of Ihe princppoL
agencies prepared the PSDDA FEIS with advice and input from other agencies,
local governments, ports, Indian tribes, various organizations, and private
citizens who served on three technical work groups. See section 7 of the
environmental impact statement (IS) for a list of specific contributors to
the EIS.

Lost of Reports. The FMIS is available at no charge by cilling the person (or
writing to the address) shown below.

Management Plan Report and Final EIS Issue Date: Publication of 'Notice of
Availability in Federal Register (anticipated July 15, 1988).

Time and Place of Fir.,l Public Meetings. The final pubile weetings on the
draft EIS and supporting documents were held:

7:30 p.m., Wednesday 7:30 p.m., Thursday
10 February 1988 11 February 1988
Joint Use Auditorium City Hall, Council Chambers
Federal Center South Port Townsend, Washington
4735 L. Marginal Way S.
Seat tle, Washington

DaLe Final Action Planned.

Federal ahencles - completion of the Federal Record -l Decision (fall L988)

State Agencies - Issuance of the shoreline permits for the selected
disposal sites (sumwer/fall 198b)
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This Final h~vIronmental Impact Statement (FEJS) evaluates alternatives con-
sidered in selecting public multiuser tMconfined, open-water sites for the
disposal of dredged material in the Phase I area of the Puget Sound Dredged
EIsposal IMalysis (PSDDA), a comprehensive study of unconfined dredged mate-
rial disposal in deep waters of Puget Sound. The study is being undertaken as
a cooperative effort by the U.S. Army Corps of Engineers (Corps). U.S. Envi-
ronmental Protection Agency (EPA). and the State of Maahington Departments of
Natural Resources (DW) and Ecology (Ecology). A management plan for the
Phase I ares (central Puget Sound) has been prepared which identifies selected
unconfined, open-water disposal sites, evaluation procedures for dredged
material being considered for disposal at these sites and site management
considerations Includino environmental monitoring. This aumasry contains
inforution from both the environmental impact statement and the Management
Plan Report (Nt) which has been adopted as part of the FILS by reference.

PUGET SOUN) NAV IGAT ION AND I WG IN(C

Navigation waterwaym of Puget Sound have played a vital role In the region's
economic development and growth. Combined Port of Seattle and Port of Tacoma
activity produces over 70000 jobs and an annual business volume of nearly
14 billion. There are 34 port districts serving the region. Some 50 miles of
navigation channels, about 50 miles of port terminal ship berths, and mare
than 200 small boat harbors must be periodically dredged to mintain the
comercial and recreatio al services provided by the** facilities. Over the
period 1970-1935. an estimated 24.8 million cubic yards (c.y.) of sediments
were removed from Puget Sound harbors and vatervays by various dredgers.
These included private developers and public entities (e.g.. Federal and State
agencies, ports. and local governwmnts) responsible for funding and under-
taking dredging projects. To place this activity in some perspective,
periodic dredging for navigation imprcyvent and maintenance projects bccturred
in only an estimated 0.08 percent or less than 2 squAre ails's of the total
2.500 9quare mile surface area of Puget Sound.

PUGET SOUND D FTh(ED ?T I IAL DI'1q(6AL,

Historic Practice. M;rlng early developeent of Puget 'mind vatefrvvs, dredged
material was often %Aed aA A convenient source of fill material for associated
harbor and terminal isproveawnta. This practic, haA continued, but t a t m~ch
leser rate In recent years, as public policy has been to protect envirorr-
entally important tidal areas, wetlands, and tmarshes. Consequently, near-
shore disposal options are limited. Vpland disposal Is quite costly and may
Also have adverse environmental Impacts. In the future, for many projects,
disposal in deep and relatively deep marine waters Is expected to b a pre-
ferred option for environmental, as well as econooic, repaons.

Public Unconfined, Open-Vater Disposal Sites. Until 1970, dredged material
disposal in Puget Sound was discharged at Aites generally selected by each
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dredger. At that time, disposal site designation guidelines were formulated
by an interagency committee chaired by DNR, and more than 10 specific public

multiuser disposal sites were established. Nearly all unconfined, open-water
disposal has since occurred at these sites. In the 1970-1985 period, about
9 million cubic yards or approximately 36 percent of the total material
dredged was released at the designated disposal sites with most of the remain-

ing material used as an economic source of landfill even though much of it
would havc teen acceptable for open-water disposal. Ivhen compared with the
250-300 million c.y. of sediment that were discharged by the rivers flowing

into Puget Sound over this same period, it can be concluded that only about
2 percent of the total annuai sediment loading was due to dredged material
disposal from new projects. Maintenance dredging adds no additional sediment

loading.

Key Regulatory Authorities. Section 404 of the Federal 'ater Pollution

Control Act (FWPCA) Amendments of 1972 established a permit program, adminis-
tered by the Secretary of the Army. This program is used to regulate the
discharge of dredged material into waters of the United States. It also is
used to specify disposal sites in accordance with Section 404(b)(1) Guidelines
developed in interim final form by EPA in 1975. The Guidelines concentrated
on specifying the tooLs to be-used in evaluating and testing the impact of

dredged or fill material discharges on waters of the United States. In 1977,
the F1WPCA was substantially amended as the Clean Water Act (CWA). In 1980,
EPA, in conjunction with the Corps published final Guidelines for the speci-
fication of disposal sites for dredged or fill material. These specify tht.
the disposal of dredged material m-pst not result in an "unacceptable adverse
impact" to aquatic ecosystems. Simultaneously, proposed rules for testing
requirements were published. Altbough final rulemaking has not taken place,
tle testing requirements and procedures have been implevaented '-y the Corps as
a natter ,of policy.

fuoigress granted to the States the responsibility for certifying under Section

401 of the GWA that a proposed discharge, resulting from a project described
iLf a Corps public notice issued under Section 404 of the GWA, will comply witlh
the applicable provisions of the State and Federal water quality laws. Ths
certification is required for any Federal activity, and from any applicant for
a Federal permit to conduct any activity, which may result in any discharge
Into State waters. Compliance with Suction 401 also ensures that any such

discharge will comply with the applicable provisions of Sections 301, 302,
303, 306, and 307 oft the. CWA, and relevant State laws.

lbredaed Material Research. Considerable nationwide research has been accom-
plished since the early 1970's through th Corps' Diedged Naterlal kesearch
Program (DMRP) in assessing the environmental effects of dredged material
disposal. This research has been used by the Lorps in waking decisions on
dredged material disposal. DMRP has shown that most dredged material is
acceptable for open-water disposal and can have uany beneficial uses,

including fish and wildlife habitat development. As part of the DRI, studle,,
were conducted in IllitoLt Buy and elsewhere In Puget Sound, Puget Sound
examples of beneficial use of dredged material include Jetty lland at
hvvrutL, cLal habitat development at Oak bay Canal, und i beach teed (roslon
,tntrol project at Keystone Harbor on Whidbey Island.
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SITUATION LEADING TO PUGET SOUND DREDGED DISPOSAL ANALYSIS

Closure of Disposal Sites. The Fourmile Rock and Port Gardner disposal sites

were closed in 1984, due in part to public controversy associated with use of
these particular locations. While the Fourmile Rock site was reopened in

1985, it closed again in June 1987, when the shoreline permit for the site

expired. The Commencement Bay site closed in June 1988. Accordingly, there

are currently no unconfined, open-water disposal sites available in the Phase
I area. This condition creates uncertainty with regard to future disposal of

dredged material and highlights the urgency of having an acceptable dredged
material disposal mana8ement plan if maintenance of navigation channels is to

continue.

Past Dredged Material Evaluation. Until 1984, Puget Sound dredged material

sampling, testing, and test interpretation requirements were established on a

project by project basis. EPA and the Corps, in cooperation with Ecology,

assessed non-Corps dredging projects. The Corps conducted the evaluations for

federally authorized Corps navigation projects. (For the purposes of this

report, federally authorized navigation projects include Corps projects
authorized under various River and Harbor Acts as well as all other federally

operated channels suth as Navy, U.S. Coast Guard, NOAA, etc.) In the case of

Corps navigation projects, Seattle District developed testing procedures for

each project in co,;peration with Ecology and EPA. These procedures, developed

programmatically for Lorps projects, were also required, as appropriate, for

non-Corps permit applicants.

Case-by-case evaluations did not provide local authorities with sufficient

assurance that aquatic resources at the disposal sites were being adequately

protected. The Puget Sound area is unique relative to other regions of the

Nation in that local governments also play a key role in dredged material dis-

posal, through their shoreline master programs under the State shoreline

permit process. Local jurisdictions can condition or restrict dredging and

dredged material disposal.

The lack of fully consistent evaluation procedures, or specific objective

decision criteria led, in part, to the establishment of interim dispo.:O

criteria by EPA and Ecology for the Fourmile Rock'disposal site in Seattle's
Elliott Bay in 1984 and the Port Gardner site near Everett in 1965. The

Fourmile Rock criteria became a condition of the local shorelir.e -?rmlt issued

by the city of Seattle &nd the Port Gardner criteria a condition of the city

of Everett permit for the existing Port Gardner site. Subsequently, in 1985,

Ecology developed the Puget Sound Interim Criteria (PSIC) to ensure that the

other Puget Sound disposal sites did not experience similar problems. These

criteria have been used in the interim pending development of regional

Sound-wide guidelines for dredged material disposal.

Puget Sound Pollution and Contaminated Sediments. The past practice of

discharging untreated or only partially treated industrial and municipal

effluent into Puget Sound, combined with potentially harmful chemicls from a

variety oi other point and nonpoint sources, has resulted in the degradation

8-3



over time of the water and sediment quality in some areas of Puget Soun.
increasing scientific evidence about the harmful effects of pollution on the
estuary has served to heighten public and agency concern about the long term
environmental health of the estuary and the impact that various activities can
have on the Sound's ecosystem. Recent efforts to establish better regulatory
cuncrol of pollutants at their source have resulted !n peneral improvements in
water quality. Additionally, ongoing planning and cleanup actions by the
Puget Sou:id Water Quality Authority (PSQA), Ecology, EPA, local governments,
and othera are expected to further improve the marine environment. Concerns
remairk, however, because the sediments near industrialized and developed ,reas
may remain contaminated from past waste discharge practices. This is because
potentially harmful and persistent chemicals tend to bind to the sedi.lent
particles and settle to the bottom. While considerable improvements have been
made, more remains to be done.

Data indicate that pollutants, which hive entered the major harbor areas
through various sources, have accumulated over time in a variety of shoreline
areas, including navigation channels and vessel berthing loc-tions. 'redging,
in the process of maintaining the.Sound's navigation system, must sometimes
involve the removal and disposal f contaminated sediments.

The PSDDA study has recognized the requirement for dealing with contaminated
sedimeULs. However, the study focus has been primarily on disposal of the
majority of.dredged material which is expected to be found "clean" or uncoi.-
tamainated, and thirefore acceptable f5t unconfined, open-water disposal at
designated public multiuser sites. These are locations where any dredger can
dispose of dredgud material, provided that the material has been evaluated and
disposal approved by the "ppropriate regulatory agencies. A separate study by ,

the State of 1ashington is underway whichl will address the specific require-
ments of dredged material found unacceptable for disposal at the PSDDA
designated sites.

iPLGLT SOUND DREDGLD USPOSAL ANALYSIS (PSODA)

Environmental and economic considerations are both major factors supporting
tue nee-I ior long range regional planning as a lasting, effective solution for
dredged material disposal problems. No longer can disposal alternatives be
planned independently ior multiple projects in A given area. Regional dredged
material disposal management programs offer greater opportunities for environ-
mental protection, reasonable project costs, and greater public acceptance
than total case-by-case decisionmaking. A dredged material disposal manaj.e-
uient plan for unconfined, open-water disposal has been developed through tle
PSDDA study. This plan is unique to the Puget Sound area because the data
supportin6 many elements of the plan are Puget Sound based. Also the plan
reflects the social values of this region and is responsive to the uri.',e rolefrom a naticnal perspective, of local government, In the management otf open-

water dredged material disposal sites.

Study.Scope. 'the Corps, bi'A, Dh(, and Ecology began the i'SODA study in, April
1985. 1he study is a 4-year-long effort being conducted in two overlApping
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phases, each about 3 years in length. As shown in figure 1, Phase I covers
central Puget Sound, including the Sound's major urban centers, Tacoma,
Seattle, and Everett. Phase II, initiated in April 1986, covers the north and
south Sound areas, including Olympia, Port Townsend, Port Angeles, Anacortes,
Bellingham, and other locations of dredging activity. Separate Phase II
documents, including a DEIS, will be prepared and distributed during the fall
of 1988 for public review and comment.

Study Goal and Objectives. The goal of PSDDA is to provide publicly accepta-
ble guidelines governing environmentally safe unconfined, open-water disposal
of dredged material, thereby improving consistency and predictability in the
decislonmmakIng process. Public acceptability involves consideration of a wide
range of factors. Among these are technically sound evaluation procedures and
practicability, which includes cost effectiveness. Study objectives are to:
(1) identify acceptable public multiuser unconfined, open-water disposal
sites; (2) define consistent and objective evaluation procedures for dredged
material to be placed at those sites; and (3) formulate site use management
plans that will ensure adequate site use controls and program accountability.

Study Limitations. Although PSDDA is identifying specific disposal sites and
site management plans for unconfined, open-water disposal, locations for con-
ventional upland/nearshore sites and confined disposal sites (confined aquatic
or upland/nearshore) are not being specified via PSDDA. There are several
easons for this. First, while disposal in Puget Sound revolves around many
regionvide and statewide issues, disposal on land (especially for contaminated
material) is very much associated with local government decisions regarding
land uses. Second, the authorities of the various agencies involved in PSDDA
(such as tue LUA) are not as easily applied to land. And last, the State of
Washington, in a recently initiated study, is addressing the confined disposal
options and associated testing procedures, building on the work done through
PSDDA.

An evaluation comparing the potential impact of dredged material disposal to
the Impacts of other water-related activities in Puget Sound is also beyond
the scope of this study. However, due to the limited areas to be dredged and
the conditions Imposed by regulatory agencies, dredged material disposal at
unconfined, open-water sites has very little 1,otential for ,affecting the
overall ecosystem of Puget Sound. This conclusion is supported by information
derived from the PSUDA study and presented in study documents.

PSDDA PHASE I (CENTRAL PUGET SOUND)

Study Findings. The followinb are key findings ot ttle i'SDDA study tor the
Phase I area:

o About 22.) million cubic yardb (c.y.) of bottoo sediments could he
dredged from Phase I area harbors and waterways over the period 1985-2000 as
compared to the 1b.8 million c.y. removed between the years 1970 to 1985.
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o A management plan has been prepared that addresses the needs of uncon-
fined, open-water disposal including (a) disposal site locations, (b) site
management conditions, (c) dredged material evaluation procedures, (d) dis-
pusal site managerient, (e) disposal site environmental response monitoring,
and (f) dredged material data management.

o The management plan for the Pijase I area Meets the PSDDA goal and
accomplishe3 each of the study objectives.

u Specific project by project evaluations, to be made under the Section
404(b)(i) Guidelines and Section 401 Water Quality Certification review, will
establish actual dredged material volumes that can be placed in unconfined,
open-water disposal sites. However, through the year 2000, based on PSDDA
projections and estimates, about 11.2 million c.y. of future dredged material
is expected to be found acceptable for unconfined, open-water disposal. This
compares with 6.8 million c.y. of dredged material actually placed in Phase I

* waters over the past 15 years. In the past, not all acceptable material was
placed at public dispos41 sites. Much was used for landfill or other bene-
ficial purposes. This is anticipated in the future, too.

o TLe PSDDA preferred disposal sites can accommodate the projected
volumes of acceptable dredged material well beyond the year 2000.

o More extensive dredged material sampling and testing will be required
than in the past, as well as improved disposal site management, including
increased permit compliaace inspections and environmental monitoring of site
impacts. Overall, the cost of dredged material disposal is cnticipated to be
i-gher than it was prior to the :stablishnent of the EPA/Ecology interim
criteria, but less than that experienced under the interim criteria. More
dredged iadterial is expected to be found acceptable for unconfined, upen-water
disposal under PSDDA evaluation procedures as compared to the interim
criteria. Other disposal option,, including confined aquatic capped,
nearshore, and upland disposal are generally much more expensive because of
greater handling and transport requirements, and the&increasing difficulty in
secitring acceptable site locations. From a regional standpoint, the reduced
disposal costs are exp.cted to more than compensate for increased costs of
sampling, testing, and disposal site management.

o Overdll, inure extensive and rigorous tuatitfhg ind monitoring retiulting
from P5DDA is expected to be less costly than if the PSIC were used entirely
tirouEIiout Puget Sound. however, the IFSDDA testing and wonitoring costs -Ind
costs associated with more material requiring confined disposal than was the
c.tse prior to PSlC, will be significantly higher. 1he aggregate of these
increased costs may result in some projects either not being dredged in the
future or dredged at a reduced level. This could have a disrupttve or adverse
impact on the affected Interests. Similarly, depending on the specific port
or conmAodtty(its) Involved, ther,, tis a potential for coriod ity :Ind route
shifts which may in turn have localized economic and social impacts. Such
lImact8 will be less than if "No Action" or PSIC were to be Implemented. It
is not possible to quantify either the Impacted iiiterests nor the magnitutde of
Lhe econoiilc or sociai I Impct .u
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o Environmental consequences were considered as various elements of the
management plan were addressed. This Is reflected In the locations chosen for
the selected disposal sites, as well as the biological effects condition
chosen for site management. Environmental impacts resulting from disposal at
the selected sites are not expected to be significant, as discussed in this
PSDMA Phase I PEIS.

o The PSDDA plan, while unique to the Puget Sound area, fully complies
with the Clean Water Act and Its objectives to restore and maintain the
environmental quality of the Nation's waters. Also it is intended to be in
consonance with all applicable State and Federal laws and the PSWQA-adopted
1987 Puget Sound Water Quality Management Plan.

o Indian treaty fishing rights were addressed as part of the PSDDA
process.

Managememt Plan. Key elements of the PSDDA Management Plan for the Phase I
area are:

o Public ultiuser Unconfined, Open-Water Disposal Sites. Three public
wnltiuser unconfined, open-wter disposal sites have been selected which will
partially satisfy the future dredged material disposal needs of the Phase I
area. because the Phase I area contains the major urban and industrialized
centers of developmnt, where significant waste discharges have occurred, only
about 60 percent of this area's future dredged material may be found accept-
able for unconfined, open-water disposal. This compares with 90 to 95 percent
nationally. The estimate of acceptable material for the Phase I area is based
on euisting, primarily surface sediment data, which reflects areas of higher
contAminstlon. Actual volumes my be more or less, and will depend on test
results and subsequent evaluatlos by regulatory agencies.

An umconfined. open-water disposal site has been located In each of the
Tacom. Seattle, and Everett urban esbayments of Commencement Bay, Ellott
bay, and Port Gardner, respectively. The sites, while varying in size
primarily due to bethymetry, average about 350 acres In potential bottom
Impact are.. Each site includes a 9(O-foot radius, 58-scre surface disposAl
#one within %hich all suitable dredged material must be released.

The selected disposal sites are all located In areas relatively free of
tmportant biological resources and humn use activities. Particularly valu-
able And uilque reoource arean were avoided. The center of the Commencement
Bay disposal sone i located approximately I mile vest of Browns Point, in
water abnuw 550 feet deep. In lliott Bay, the center of the disposal zone is
located About 3/4 of a mile north of harbor Island, in water 265 feet deep.
the center of the Port Gardner disposal zone is located about 2-1/4 miles
-%nutheAst of Gedtey Island, In approximately 420 feet of water.
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o Site Management Condition. Alternative site management conditions were
evaluatedi in recognition that some environuental impacts ,iy bc ;issociated
with use of the disposal sites. These management conditions relate to tlw
potential for long-term ckemical effects that might be ,'ltowed on hiologi],i
resources, due to dredged material disposal. Short-term physical impacts that
will occur due to burial, are accepted as part of site u'c. The selected
management condition for the Phase I sites could allow up to "minor adverste
effects" on biolobicdl resources that may be present ur :aove across the

disposal sites. However, because only acceptable sediments will be discharged
at the disposal siteb, Uie aggregate condition of each .ite is expected to be
substantially better than allowed under the selected management condition
(site condition I).

o Lvaluation Procedures. Comprehensive dredged material evaluation
procedures governing sampling, testing, and test interpretation (disposal
guidelines) have been developed through FSDDA to ensure th.,t conditions at the
disposal sites are consistent with site management objectives. The evaluation
procedures are intended to be used, as appropriate, in support of assessments
of specific projects conducted under the Federal Section 404(b)(1) Guidelines
and under the State of Washington guidelines used in evaLuating projects for
Section 401 Water Quality Certifications. Other provisions of the C1'A confirn)
the authority of the Secretary of the Aray to maintain navigation by stating
tiiat this authority is not affected or impaired by provisions of the Act
(JJ U.S...A. 1344(t) and 33 U.S.c.A. -371(a)).

o Site Management Plans. Disposal site management plans have been for-
iaulated to address navigation and discharge conditions of 41spsal permits,
and subsequent disposal site environmental monitoring. The monitoring plan Is
Litended to ensure that acceptable conditions at the site are not exreedied and
to provide a basis for any necessary plan adjustments.

41ternaitives. his FLIS describes and eviLuates the selcctrI n.l alternative
lisposal sites. Also discussed are alternative biological effects conditions
con-&td.-rotd for lisposil site oaibteiaent. Site udra?,eMent iticludes the appli-
cation of evaluation procedures to assess the acceptability of dredged mate-
rli l fox uncuntined, open-water disposal. the evaluation procedures are des-
cribed in the accompanying hPK. A No Action alternative, which would continue
u.,L: by i.cuolgy and EkA of the PSIC for dredged material Aiiosal, is presented
in the EEIS. This alternative %ould result in very limited unconfined,
) en-water disposal in ilupet Sound due to both the applic.ati n of the PSIL nd
the discontinuation of public multiuser disposal sites. The ltter would

:c'r because lncal governments !iave established shoreline perrit corlltioas
for a multiuser site that probably could not be met by most dredgers. Thes,
conditions rejuire that conprehensive treatment be g:iven Lo dreiped raterl ii
disposal including all the objectives addressed by PSDDA. Few dredgers have
t ,e necessary resoureLs to accomplish this.

The No Action alternative could result in no dredging for some projects as
otter iispos,.l options ru, y be cost prohibitive. Snclal ilyactE could inclle
lost employment and reduced property values. Some adverse environmental
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impacts may also occur during the construction of new facilities even if those
areas where marine facilities are relocated to waters accessible to navigation
without dredging.

o Alternative Disposal Sites. The alternative disposal site in Commence-
ment Bay overlaps the selected site on the north, and ranges in depths from
540 to 560 feet of water. The alternative site has somewhat higher currents
than the selected site. Currents are important considerations in that low
current areas tend to be locations where sediments naturally settle out of the
water. Therefore, dredged material placed at these locations (depositional
areas) would tend to stay there. This facilitates environmental monitoring of
the site which allows verification of site conditions.

The alternative disposal site in Elliott Bay lies southwest of DNR's existing
diposal site called Fourmile Rock, approximately 4,000 feet south of Magnolia
Bluff. The alternative site is located in water depths ranging from 500 to
600 feet. While the currents along the bottom are generally low, they are,
however, greater than at the selected site.

The center of alternative site No. 2 in Port Gardner is located 9,000 feet
southwest of the mouth of the Snohomish River and 4,000 feet from shore, in
water depths that vary from 320 to 420 feet. This alternative site is located
just north of the existing Port Gardner DNR disposal site. Though also in a
low current area as is the selected site, aquatic resources are more abundant
and closer here than at the selected site. In addition, approximately
one-half of this site may be covered by the U.S. Navy's Revised Application
Deep Confined Aquatic Disposal (RADCAD) site, which the Navy has been per-
mitted to use as their disposal site for material generated by the new Navy

* Homeport facility.

Alternative site No. 3 for the Port Gardner area is located in Saratoga
Passage, approximately 1 nautical mile from either shore on the east and
west. Water depth is approximately 350 feet. This area has the lowest bottom
currents of any site investigated, but proximity of proposed aquaculture
facilities, along with the additional transport distance from major dredging
areas, make this site less suitable.

o Alternative Biological Effects Conditions for Site Management. The
selected biological effects condition for site management was developed based
on evaluation of the potential effects to biological resources that could
result from the unconfined, open-water disposal of dredged material in Puget
Sound waters. Alternative site conditions were derived using field and
laboratory data to determine varying levels of sediment quality and potential
biological effects at the disposal site. Three alternative site conditions,
describing the potential impacts on biological resources at the site, were
carried through the entire study. They range from "no" effects to "moderate"
effects resulting from the type of dredged material that could be placed at
the sites:

a. Site Condition I: "No" adverse effects to site biological resources
due to sediment chemicals of concern.
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b. Site Condition II: "Minor" adverse effects to site biological

resources due to sediment chemicals of concern.

c. Site Condition III: "Moderate" adverse effects to site biological
resources due to sediment chemicals of concern.

These site conditions represent three potential mutually exclusive alterna-

tives for the selected biological effects condition at the Phase I disposal

sites. Only one of these conditions was chosen for use at all the Phase I

sites, based on agreement of the regulatory agencies and upon public input and

review. The selected site management condition for the Phase I sites is Site

Condition II.

Environmental Analysis. The disposal sites were selected based on careful

consideration of a number of factors, including biological resources, human

uses, physical parameters and haul distances from dredging projects. The

selected sites are in locations where significant adverse environmental

impacts to the quality of the human environment (per NEPA) are not anticipated

and human use conflicts have been minimized to the maximum extent practicable.

The environmental impacts associated with alternative biological effects

conditions for site management were also examined. The selected site manage-

ment condition will not result in unacceptable adverse impacts. A full dis-

cussion of the environmental impacts associated with the alternatives is

contained in this FEIS. An EIS was prepared to "encourage and facilitate

public involvement in decisions which affect the quality of the human

environment" (40 CFR 1500.2).

The selected alternatives for the Phase I area result from the use of site

management condition II at the site selected for each of the three major

dredging areas. The environmental consequences of the selected alternatvUS

are summarized below.

Some localized reductions in air quality may occur in the vicinity of the

unconfined, open-water disposal sites, primarily due to exhaust emissions from

the internal combustion engines of the disposal equipment. Localized increases

in noise levels may also occur during disposal operations. These adverse

effects from noise, and to air quality, at the disposal sites will be short

term, intermittent, and relatively buffered from other human uses, and are

therefore not considered significant. Long-term or persistent adverse effects

are not anticipated.

Temporary reductions in water quality at and around the disposal sites will

occur during disposal operations. These will Include minor depression of
dissolved oxygen, increases in turbidity, and release of organic matter an(!

sediment-associated contamination. These effects will be primarily associated
with the disposal plume. Though they may be measurable throughout the water

column, the effects will be most noticeable in the bottom layer, near the

sediment/water interface (the nepheloid layer). For dredged material that is

acceptable for unconfined, open-water disposal, these adverse effects to water
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quality will be minor and temporary, with rapid dilution or dispersion sub-
sequent to disposal. In general, turbidity associated with disposal opera-
tions is substantially less than that occurring during riverine, high-water
discharge periods, or from vessel passage in navigation channels. The latter

situation occurs when the vessel bottom is near the bottom of the waterway.
Disturbance is caused by propeller action or vessel induced currentb. Signt-

ficant or unacceptable effects are not anticipated.

Environmental consequences from unacceptable sediment quality at the disposal

sites have the potential to be persistent and long term (assuming continued
use). As measured by concentrations of sediment chemicals, the quality of

sediments may either decrease or increase at the disposal sites, depending on
the present site sediment chemical levels (e.g., sediment quality of portions
of the Elliott Bay and Commencement Bay sites would likely improve with use).
For the Port Gardner site, a decrease in sediment quality within this site is

expected, given the relatively undisturbed existing nature of this area.

While the PSDDA selected site management condition (Condition (II) would allow

sublethal adverse effects to occur at each of the disposal sites, this degree
of adverse effect i& generally not anticipated, given the nature of the mate-

rial placed at these sites. Because only acceptable sediments will be dis-
charged at the disposal sites, the aggregate condition of each site is
expected to be substantially better than allowed under the selected management
condition.

State water quality standards (WAC 173-201) will be met by site condition I.
At each disposal site a dilution zone will be established. The dilution zone
will include the disposal site and area between the disposal site boundary and
the perimeter line established for monitoring the disposal site. Individual
project water quality certifications, authorizing the discharges, will refer-
ence the dilution zone where no acute conditions to the aquatic biota will be
allowed (WAC 173-201-U35(4)(a)). Site condition II meets this standard. In

summary, adverse effects to the quality of sediments resulting from the PSDDA

alternatives are not expected to be significant.

Designation and use of the disposal sites will result in periodic burial of a
portion ot the subtidal bottom area of central Puget Sound in each of the
respective bays. Due to this periodic physical disruption of the sites, these
areas will be intermittently removed from benthic production. These losses

are not considered significant, as the sites are located to minimize adverse
biological effects.

Benthic, sessile (immobile) species present at the center of the unconfined,

open-water sites will be buried during discharge of dredged material. This
will result in a loss of some organisms, especially in those areas of the
disposal site where the burial depths are greater than that which the
organisms can penetrate. At the more active sites (e.g., Elliott Bay),
continued physical disruption of the site will impair any substantial recovery
in these areas while the site is in use. However, some site recolonization by
benthic species will be likely between disposal operations. Some recolonIzers
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may experience minor increases in body burden levels of chemicals withi, the
site. These levels will not result in significant acute toxicity to these
species, nor will the levels exceed values considered tc be hanful to hurdn
health. Though net losses of benthic production in the sites are considered
long term, sites have been located to prevent significant adverse effects to

the aquatic ecosystem as a whole.

The relatively few bottom-feeding fish and mobile shellfish (crabs and shrinir)

utilizing the unconfined, open-water disposal sites are expected to be tempor-
arily displaced from portions of the bites where disposal h:j most recently
occurred. The displaced epifauna could experience some reduced survival to
tile extent that the overall ecosystem in the vicinity of the site is at carry-
ing capacity. In addition, less mobile individuals within the site (or per-
haps partially dug into the surface of the site) will be buried and lost. As
the sites were located away from areas where these species concentrate, the
displacement and resulting effects should iot be significant.

Disposal activities, with barge and tug passage and associated noise, will
displace birds found at the disposal sites during tre very short time of
individual disposal operations. Though much less common, any marine mammals
found in the area will also be displaced. Given the existing level of naviga-
tion traffic found at and near the sites, this temporary displacement is not
expected to result in significant effects to these species.

Compared to the No Action alternative, tug and barge traffic to' and from the
disposal sites will have a greater potential for conflicLs with recreational
and commercial fisheries in each of the bays. All three of the selected sites
are located within the usual and accustomed flshint grounds (as of 1974) of
several Puget Sound tribes. however, the potential conflicts with Indian
fishing activities have been addressed in tins FEIS. Appropriate project
specific actions will be taken to avoid any conflicts with tribal fishing
operations.

The estimated volumes of dredged material that miglit be lischarged at tie
unconfined, open-water disposal sites are shown in tables la, lb, 1c, and Id.
These tables are based on the following simplifying assumptions: (1) for _j
given site management condition, no dredged material would be discharged at
tiLe site that would result in that site condition being violated, and (2) .ill
material that would be acceptable for discharge at the sites would be placed
there. Each of tile tables also gives, for comparisoa1 purposes, tile estimated
volume of dredged material that could be found acceptable for unconfined,
ove-n-water disposal under PSIC. The cost consequences to dredging and dredped
material disposal are shown in tables 2, 3, and 4. Volumes estimated to be
discharged at the unconfined, open-water disposal sites under the selected
site condition represent about 60 percent of the forecasted volumel/ for the
next 15 years in central Puget Sound. This compares well with the historic
3b percent of dredged waterial volumes from 1970 to 1985 that were actually

discharged at the existing Phase I unconfined, open-water sites.

l/Lxcluding the 3.3 million c.y. of dredginp associated with the U.;. Na~v
homeport project at Everett, Washington.
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TABLE Ia

IMPACT OF ALTERNATIVE SITE MANAGEMENT CONDITIONS ON
DISPOSAL OF FUIURE DREDGING VOI.MES

1985-2000

Commencement Bay (CB) and vicinity
(1,000 c.Y.)

Volume That Could
Total be Discharged at

Forecasted the Designated Volume to
Dredging CB Unconfined, Open- Confined

Alternative Volume Uater Disposal Sitel _ Disposal2/

Site Management Condition

I 3,929 1,348 2,581
II 3,929 3,160 769
II 3,929 3,776 153

Total Voluwe That Could
Forecasted be Discharged in Volume to
Dredging Unconfined, Open- Confined
Volume Water Areas3/ Disposal

U No Action (PSIC)4/ 3,929 225 3,704

1/Estimated volume of future dredged material that could be discharged at
the selected sites (once permitted) such that the site management condition

would not be violated. Assumptions and detailed calculations used in deriving
these estimates are described in EPTA (part 11, section 10).

2/Confined disposal can include upland, nearshore, and/or crnfined aquatic
disposal methods.

3/For the No Action alternative, public multiuser sites for unconfined,

open-water disposal of dredged material would not be designated. Disposal of
material acceptable for unconfined, open-water disposal under thiis alternative
could occur wherever local governments and State and Federal regulatory
agencies would allow. This could include beneticial use projects and/or At
other areas selected on a project by project basis.
4/PSIC: Puget Sound Interim Criteria

S-13



TABLE I b

lHPACi OF ALTERNATIVE SITE MANAGEMENT CONDITIONS ON
DISPOSAL OF FUTURE DRLDGlhC VOLUME-;

1985-2000

Elliott Bay (EB) and vicinity
(1,000 C.Y.)

Volume That Could
Total be Discharged at

ForeLasted the DesignateJ olume to
Dredging EB Unconfined, Open- Confined

Alternative Voluue _.ater Disposal bitli isosd__

Site Hanagement Condition

I lu,525 3,113 7,412
I1 10.525 3,374 7,151
III I,525 6,162 4,363

Total Volume "That Could
Forecasted be Discharged in Volume to
Dredging Unconfined, Open- Confined
Volume Water AreasW Disposal

No Action (PSIC)4/ 10,350 1,350 S,175

1/Estimated volume of future dredged material that could be Jischarged at
the selected sites (once permitted) such that the site m;in~t1ewvnt condition
would not be violated. Assumptions and detailed calculations used in deriving
these estimates are described in L11TA (part II, section 10).

2/C{onfined disposal can include upland, nearshore, and/or confined aquatic
disposal wethods.

3/kor the No Action alternative, public multiuser sites for u:tiiconfined,
opeu-water disposal of dredged material would not be designated. Disposal of
material acceptable for unconfined, open-water disposal under this alternative
could occur wherever local governments and State and Federal regulatory
agencies would allow. 'ihis coul-l include beneticial use pruji-cts and/or et
other areas selected on a project by project basis.

4/?SIL: Puget Sound Interiw Criteria
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TABLE Ic

IMPACT OF ALTERNATIVE SITE MANAGEMENT CONDITIONS Oh
DISPOSAL OF FbIURE DREDGING VOLUMLS

1985-2000

Port Gardner (PC) and vicinity
(1,000 C.Y.)

Volume That Could

Total be Discharged at
Forecasted the Designated Volume to
Dredging PG Unconfined, Open- Confined

Alternative Volume Water Disposal SIte/ Dispsalja

Site Management Condition

1 4,943 2,212 2,731
II 4,943 4,684 259
111 4,943 4,943 0

Total Voluue That Could
Forecasted be Discharged In Volume to
Dredging Unconfined, Open- Confined
Volume Water Areas ._/ Disposal

No Action (PSIC)4/ 4,943 675 4,268

1/Estimated volume of future dredged material that could be discharged at
the selected sites (once permitted) such that the site management condition
would not be violated. Assumptions and detailed calculations used in deriving
these estimates are described in EPTA (part II, section 10).
2/Confined disposal can Include upland, nearshore, and/or confined aquatic

disposal methods.
3/For the No Action alternative, public multiuser sites for unconfined,

open-water disposal of dredged material would not be designated. Disposal of
material acceptable for unconfined, open-vater disposal under this alternative
could occur wherever local governments and State and Federal regulatory
agencies would allow. This could include beneficial use projects and/or at
other areas selected on a project by project basis.

4/PSIL: Puget Sound Interim Criteria
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TABLE Id

IMPACT OF ALTUNXATIVE SITE ANAGEM ET CONDITIONS ON
DISPOSAL OF FUTURE DREDGING VOLUMES

1985-2000

Total Phase I Area
(1,000 c.Y.)

Volume That (ould be
Total Discharged at the

Forecasted Designated Phase I Volume to
Dredging Unconfined Open- Confined

Aiternative Volume Water Disposal Siteal_/ Dispo2l_

Site Management Condition

1 1',397 6,673 12,724

11 19,397 11,218 8,179
111 19,397 14,881 4,516

Total Volume That Could
Forecasted be Discharged in Volume to
Dredging Unconfined, Open- Confined
Volume Water Areas 3 Disposal

No Action (PSIC)4/ 19,397 2.250 17,147

1/Estimated volume of future dredged material that could be discharged at
the selected sites (once permitted) such that the site manageuent condition
would not be violated. Assumptions and detailed calculations used in deriving
thebe estimates are described in EPTA (part II, section 10).

2/(onfined disposal can include upland, nearshore, and/or confined aquatic
disposal methods.

3/kor the No Action alternative, public multiuser sites for unconfined,
open-water disposal of dredged material would not be designated. Disposal of
material acceptable for unconfined, open-water disposal under this alternative
could occur wherever local governments and State and Federal regulatory
agencies would allow. This could include beneficial use projects and/or at
other areas selected on a project by project basis.

4/YSIL: Puget bound Interim Criteria
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TABL 2

SUIJMtRY OF
TESTING, DRDF.GING AND DISPOSAL, C00FLIANCE INSfECTION

A14D WNIOIIMG COSTS FOR THE
ALTERNATIVE SITE MANAGEJ0(T CONDITIONS

1985-2000 1/
($1.000)-

Dredging and Compliance
Alternative Teetin& Dispoeal Inspection hIonltortn Total

Condition 1 17,179 259,001 5787 $712 $267,679

(ondittou 11 6,9%3 194,266 1.324 1,475 204,058

Condition 11 5.810 139.492 1.756 3,014 150,072

No Action (PSIC) 6,834 323.553 375 0 330,762

I/Assumptions sad derivation of these costs are provided tn EPTA nd
suomarized in section 4 of this FLIS.
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LOSIS frOK MEWINGLD~h4 AML DISISAL.
COtiPLIALM LNSFEC.11OS ANDi HUITUKDhG Li DkIAJL f-A IJA I

foil £ACH DISPOSAL. Sill
)"85-2000 1/

($1,000)

Alternative Port Gardner Elliott Ssr r~mmeilecnelt 3.y rlhase I Ares

Site Londitlon I S53,.wi tlo.*4tJ J41'.3g44.2.6

Site Condition It 19,104 1611.'j2'.S*i 0.

Sitw Londition ILL 16.024P 11F,578

L/Assueptions ond -itrivat ion t hv,~r co.,i. 4.r- ,rjv11,vt1 in tlilA.
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IABLF 4

SUMMARY OF TOTAL COSTS PER CUBIC YARD
FOK LAuLi DREDG1NC AREA

1985-2000
Ctl,OOO) 1/

Alternative Port Oardner Elliott Bay Commencement Bay

Site Londilion I
Utw:onfined 13.50 15.5U $3.60
Lonfined 17.20 19.90 17.00

bktc LondiLtion I
Uni onined 3.3U 5.3U 3.40
(.onf Ined 17.30 20.00 17.00

bite LonaItiun III
inotoi rIned 3.30 5.3U 3.40

Lonfined 17.10 19.80 16.90

No Action (PSIC)
1.nconfined 4.60 6.50 4.70
ConfIned 17.20 19.80 16.90

I/Derivatlon of unit costs, rounded to nearest .IO, is based on cost data
c,'talned In EPTA. In addition to those .assumptions listed in EPTA, to derive
costs per cubic yard it w.i, assumed that unconfined, open-water disposal would
b,. the [niltial preference for all projects. This resulted in allocating the

majority of testing costs (e.g., sampling and chemical testing) shown in EPTA
L-, the unronfined optiun; only "land biological testing" was allocated to
confined disposal. All compliance and monitoring costs were allocated to
uncunf nled, open-witer dispos.,'.
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Mitigation Measures and Their Effectiveness. The selected sites have been
located to avoid significant adverse effects (per NEPA) while meettg the
in-water disposal needs of Puget Sound dredging. Site location and site
management provisions are expected to mitigate any potential biological
resource and human use conflict problems. In maintaining the chosen site

condition, only acceptable dredged material will be discharged into the Phase
I area disposal sites. Environmental monitoring of the disposal sites will

allow for verification of anticipated conditions and provide a basis for site
management changes if the monitoring demonstrates changes are needed.

The primary mitigation feature of the PSDDA plan is embodied in the siting
process. The selected sites are located away from shorelines, resources, and
other amenities to preserve and maintain these resources by avoiding adverse
effects due to dredged material disposal. Where complete avoidance of all
resources was not possible (e.g., benthic invertebrates), the sites were
located to minimize possible adverse effects. A minimum number of sites were
identified to minimize the possible extent of bottom impacts throughout the
central Puget Sound. Additionally, the sites are located in relatively
nondispersive areas t6 minimize the risk of effects extending beyond the
disposal sites (including the dilution zone) via sediment transport.

The selected regional, effects-based disposal site management condition
precludes the discharge of dredged material that could produce unacceptable
adverse effects. Chemical effects-on biological resources at the unconfined,
open-water disposal sites would be limited. The site condition will ensure
thet there is no acute toxicity to sensitive species onsite. The selecLed
management condition fully complies with the applicable provisions of the State
Water Quality Standards.

Another important mitigation feature of the plan is the environmental monitor-

ing that will be performed at each disposal site. Also, compliance inspections

by the PSDDA regulatory agencies will help ensure that the site management
condition is not exceeded. The environmental monitoring will provide verifi-
cation of anticipated site conditions.

brnplementaton. The Corps and EPA will share with the State of Washington
responsibility for implementation of the PSDDA management plan for the Phase 1
area. DNR and Ecology, -as well as Pierce County and the cities of Seattle and
DEerett, will perform the non-Federal functions. DNR will obtain shoreline
management permits fhom the county and the cities for the selected sites.
Responsibility will be shared by DNR with the Corps for site management, with
DNR generally performing chemical and biological environmental monitoring. In
aiddition to generally being responsible for physical monitoring of the dis-
posal sites the Corps will develop and maintain a dredged material data man-
agement system for Puget Sound that is intended to meet the needs of all the
PSVDA agencies.

Responsibilities of each of the PSDDA regulatbry agencies uider Section 404 or
Section 401 of the CWA will be ncomplished in accordance with each agency's
authorities and policies. Vie PSDDA dredped mnterlal evaluation procedures
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will be applied by eacks regutatory isgegcy consistent vici thce authorities
and policies. The procedures provide the basis for an overall approach which
can seet the cae-by-cbse requirvouts uf butt, Section 404 and Section 401.
lot elemmnt* of the PSDOA procedures are common to both authorities. How-
ever, sue element* *r unique to either Section 4U. or Sectiun 401 require-
eant.. Those eeking approval for unconfined, open-vater disposal vill need
to meet both requirvuncts, I.e., undertake the full suite of PSDDA tests, as

each agency deterines t applicable.

The Cocps rcequtrents tot tth evaluation of dredged mAterldl proposed for
uacoafteted disposal in Puget Sound waters, as specified in Subpart G of the
Section 404(b)(l) Cuideline, viii be met primarily by the %ection 404 com-
poreats of the PIDVA evaluation procedures. The Section 404 component of the
PSDVM procedurws are. *An will be. applied consistent uith thr njionsi Corpb
process. The Corps will address other aspects of the Section 404(b)(1) com-
pliance, such as Impacts on navigation and national comeerce and avoidance and
sitalatton of tmoacts, incluldi mitigation of unavoidable impacts and
atternatives 4rolysis on a case-by-case aals. Required national Lorps
procedures for ioplementatioo are reflected in 5l Fit 19694 dated Hay 30, 1986
for Lorps project. and 3) CUl 320-330 for the Corp* regulatory program.

tPA will rely on the PSDDA evaluation procedures as the basis for preventing
significant degradatlo of thv aquatic enviromient, as required by Section
404(b)(1) Guidelines. These procedures represent the testing approaches and
procedure, allowed under tl guidelines, which ttA would require during the
evaluation of dredged material. Other aspects of the Section 404(t)(1) com-
ptince, such as avoidance rand ninimitation of impacts, including mitigation
of unav idable cipacts. viil also be addressed by EPA, during comprehensive

review, on 0 caqw-by-caae ba9is.

Eculogy viii apply the appropriate iSDIA evaluation tproceJures In assessitig
applications for Section 401 Uater Wallty Certification. Initially, the
procedures will be treated as Guidelines. Hoswever, depending on actions that
sight be taken by the Puget Sound hater Quality Authority in their adoption of
the PSDDA mrangeurnt plan as a feature of the PSWQA Later Quality Managenent
Plan, the PSDDA evaluation procedures may later be adopted as a State
regulat ion.

Imple entation of PSODA evaluation procedures could begin during tht. fall of
1988 after the Federal Record of Decision has been completed and the shoreline
permits obtained from the local Jurisdiction*. 7he selected disposal sites
are expected to be available for use by the fall of 1988, after the approval
of shoreline permits by local governments (Seattle, Evcrctt, and Pierce
County) and Ecology.

Advance Identification of the I'SDDA disposal sites is being accomplished by
EPA and the Corps under subpart I of the Section 404(b)(1) Guidelines (40 CFR
23J.80). Under this action a determination has Len oade that the selected
Phase I disposal sites for future disposal of dredged material. This FFIS
contains the final teterulration of suitability Ir exhilit 14.
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Details of PSDDA implementation are provided in chapter 9 of the Management
Plan Report (O.PR).

Review and Revisions. The PSDUA agencies recognize thai the btate-of-the-ort
of dredged material testing and test interpretation is rapidly changing.
Accordingly, provision is made in the management plan for annti,, assessments
of the data obtained through the regulatory actions on specific dredging
projects, as well as the information gained from environmental monitoring, (-f
the disposal sites after they have been in use. These assessments will be
cunducteu by tite PSDDA agencies with opportunities provided for participation
by other interested agencies, organizations, and private citizens. The
dssesuments will provide the basis for appropriate revisions t- the PSDDA
management plan. Sediment evaluation procedures, site environmental monitor-
ing, and cost aspects of the plan Oill be reexamined. One result may be a
reduction in the level of testing and monitoring, if that is possible without
cuoprumisinr, the environmental mandate of the CWA and applicable State author-
ities. However, only the disposal site location and/or site management
c,jndltiun are presently viewed by the PSDDA agencies as the key alternatives
for purposes of NEPA/SEPA compliance. Any change to these elements of the

raiiag.rmenL plan ii.As the potential for significant effects un tie environment
and may require preparation of a supplemental LIS to this document, should
tuture cnanges be proposed. The other elements of the mLniadgeweit plan, e.p.,
dredged material evaluation procedures, environmental monitoring, etc., are
solely intended to be tae means by which the site manai.ement condition Is
controlled. Accordingly, any changes to these other elements are not
anticipated tC require preparation of a supplemental EIS.

Areas of Con:roversy and Unresolved Issues. Public controversy concerninF 0

dlsposal site locations atd Inck of consistent site t..'naIgompnt .monf. regional
regulatory agencies was instrumental in initiating PSDDA. The PSDDA study
I', solv,,d sititq; concerns by conoiuctilg an intensive disl osl .it, sc'.'cttori
process with disposal activities relocated to more suitable dr'as. The study
*iddre..s,,d site uaWagc ont concerns by developing siie-speci fic ,anao;,:t,,.nt
plans, Including a biological effects condition for each of the Phasr I sites.

L r ,t, ri n', knoun ur.re.o n ved iz-1'es colnc, rtl ', Lh. L' I' d1W 1 0 s t es aid
site manareraent condition.

i)ition., Lp to Lnvi ront'rntdl -Protect ion Stitutes ind Ut icr Envi role t., I
Requirements. The selected disposal sites, along with the chosen site
ranageuent contlitifin, fully comply with pertinent Federi, Stute, and local
environmental statutes and requirements. Table 5 summarizes and documents
this cLLpliance.

Study Ducuients. lhe primary rSi)DA study documents include a rport contain-
ing the management plan, three technical appendixes which provide detailed
intoru ioti in support of Ow," plun ,and this rLIS coverin6 the .lteruarivv
disposal sites and site management conditions considered for the Phase I area.
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o Management Plan Report (MPR) - Unconfined Open-Water Disposal of
Dredged Material Phase I (Central Puget Sound). This document describes the

study authorities, background, goal, objectives and planning process which
resulted in the PSDDA management plan. The plan is presented with expanded

coverage given to major program elements. Also included is a discussion on
the implementation of the management plan.

o Disposal Site Selection Technical Appendix (DSSTA). A detailed
description of the disposal site selection process for future dredged material
disposal is provided along with information on the existing disposal site and
alternative sites considered.

o Evaluation Procedures Technical Appendix (EPTA). This appendix covers
the dredged material sampling, testing, and disposal guidelines developed by
the PSDDA process.

o Management Plans Technical Appendix (MPTA). Dredging and dredged
material disposal permit compliance inspection requirements, environmental
monitoring of disposal sites, and other site management activities are
addressed here.

o Final Environmental Impact Statement (NEPA/SEPA) - Unconfined
Open-Water Disposal Sites for Dredged Material, Phase I (Central Puget
Sound). This document presents and evaluates the selected Phase I area
unconfined, open-water disposal sites and alternative sites considered. Also
presented and evaluated for site management are the selected and alternative

biological effects conditions. Comments received on the Phase I draft EIS and
other supporting draft documents during the 45-days of formal public review
(January 15 to March 1, 1988) are presented in exhibit C of the FEIS, together
with responses by the PSDDA agencies.

I
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SECTION 1. PUR POSE AND NEED FOR ACTION

1.01 General. This final environmental impact statement (FEIS) presents the
alternatives considered in identifying the public multiuser confined, open-
water sites selected for the disposal of dredged material in the Phase I area
of the Puget Sound Dredged Disposal Analysis (PSDDA) study. This study is
being conducted by the U.S. Army Corps of Engineers, Seattle District (Corps);
the Environmental Protection Agency, Region X (EPA); and Washington Depart-
ments of Natural Resources (DNR) and Ecology (Ecology).

The recogaized need for dredging and dredged material disposal in Puget Sound
and the following conditions led to the PSDDA study:

o Two of the three existing central Puget Sound disposal sites were
closed when the study began due in part to public concerns over site manage-
ment. While one of the sites reopened for 1 year it closed again in June 1987.
All three of the sites are now closed due to the expiration of the local
shoreline permits issued to DNR for these sites.

o There were agency and public concerns with regard to proper disposal
site locations. Objections were raised about the proximity of the existing
Port Gardner and Fourmile Rock disposal sites to residential and public
recreations use areas.

lo The lack of fully consistent evaluation procedures, or specificmobjective decision criteria led, in part, to the establishment of interim
disposal criteria by EPA and Ecology for the Fourmile Rock disposal site in
Seattle's Elliott Bay in 1984 and the Port Gardner site near Everett in 1985.
The Fourmile Rock Interim Criteria (FRIC) became a condition of the local
shoreline permit issued by the city of Seattle to DNR, and the Port Gardner
interim criteria a condition of the city of Everett permit for the existing
Port Gardner site. Subsequently, in 1985, Ecology developed the Puget Sound
Interim Criteria (PSIC) to ensure that the other Puget Sound disposal sites
remained permitted by local authorities. These criteria have been used as
interim criteria pending development of regional Sound-wide guidelines for
dredged material d_ sposal.

o There were no disposal site management plans nor overall disposal site
management policy, either Federal or State. Few permit compliance inspections
had been performed and no environnental'monitoring conducted of site condi-
tions due to inadequate funding. The lack of monitoring contributed to public
concerns about the discharge of dredged materials. Without monitoring data it
was impossible to fully assess disposal effects.

In August 1984, the Regional Administrator for EPA asked the Corps to lead a
Sound-wide study on dredged material disposal that would produce a program-
matic EIS. The request was supported by the Washington State Governor, mem-
bers of the State Congressional Delegation, the Director of Ecology, the
Cornissioner of Public Lands for DNR, and many others, including the Puget
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Sound Water Quality Authority (PSWQA), by letters and personal contacts. In
December 1985, the Corps, EPA, Ecology, and DNR began a period of intensive
technical discussions to develop a joint study plan. The culmination of these
efforts was the PSDDA Plan of Study, agreed to by the agencies in March 1985,
which established the basis for the cooperative effort. The PSDDA study was
initiated in April 1985.

This FEIS details the alternatives for, and environmental consequences of, the
disposal of acceptable dredged material at PSDDA-identified, unconfined, open-
water sites in central Puget Sound pursuant to the National and State Environ-
mental Policy Acts (NEPA and SEPA, respectively). The FEIS presents the
results of studies for the Phase I area of PSDDA. This area encompasses the
central basin of Puget Sound, which includes the major urban embayments of
Seattle, Tacoma, and Everett. The Phase II area (the balance of the Puget
Sound region) will be the subject of a separate environmental impact statement
(EIS).

The PSDDA FEIS does not address the dredging and disposal aspects of specific
projects or disposal options in detail, other than unconfined, open-water
disposal. These will be assessed in project documents prepared by each
dredger.

The reader is referred to the Management Plan Report (MPR), accompanying this
FEIS, for a full discussion of the Phase I area dredged material management
plan. The MPR identifies the selected unconfined, open-water disposal sites,
evaluation procedures for dredged material that will be analyzed for disposal
at these sites, and site management considerations including environmental
monitoring.

1.02 Issues and Concerns.

a. Dredging and Disposal in Puget Sound. Throughout the 2,500 square
miles of imter area in Puget Sound, there are 34 port districts serving the
region, 54 miles of Federal navigation channels, 52 miles of port terminal
ship berths along these channels, and more than 200 small boat harbors that
must be periodically dredged to maintain the commercial and recreational
services provided by these facilities. The Federal navigation channels occupy
about 1.5 square miles (0.06 percent of Sound's water surface), though only
about 0.02 square miles (0.0008 percent of the Sound) are dredged annually.

Dredging and disposal of dredged material has been a common and longstanding
practice in Puget Sound waters, typically associated with the development of
waterborne commerce and recreational boating. In addition to new port and
harbor construction, maintenance dredging to ensure safe water depths in
existing shipping channels and dock areas produces large volumes of dredged
material. Historically, much of this material was deposited along the shore-
line to produce new laad. However, a significant portion is increasingly
being placed in the Sound due to the limited availability and high costs of
acceptable land or nearshore disposal sites.
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The trend toward increased open-water disposal of dredged materials can be
seen in volume statistics for Corps' projects in the 15 years between 1970 and
1985. Only 26 percent of the Corps' dredged material went to open-water sites
in the 1970's, as most of the material could be more economically placed in
upland or nearshore disposal areas located near the dredging projects. Very
little of the material was considered unacceptable for unconfined, open-water
disposal. Since 1980, over double this percentage (56 percent) has been going
to open-water sites because less economical alternatives have not been avail-
able. This trend is expected to continue in the future as land and shore dis-
posal areas become more scarce due to environmental and human use conflicts,
or prohibitively expensive due to transport distance and design requirements.

Projections for the next 15 years indicate that more dredging activity will
occur in central Puget Sound than during the past 15 years. The forecasted
total volume to be dredged between 1985 and 2000 is 22,697,000 cubic yards, or
about 35 percent more than the total dredged during the previous 15 years.
Both Federal projects and permit applications point toward a continued and
increasing demand for unconfined, open-water disposal sites.

b. Problem Sediments and Public Concerns. The location of existing
disposal sites and the acceptability of dredged material discharged at these
sites has been questioned by scientists, local governments, citizens, and
resource agencies.

Measurable levels of some chemicals of concern are found in all Puget Sound
sediments; however, relatively high concentrations of potentially harmful
chemicals have been noted in urban and industrialized waterways where tumors

£ *and other biological abnormalities are found with a greater than normal
frequency in certain fish and shellfish. Recent data indicate that chemicals,
which enter the Sound from a variety of point and nonpoint sources, bind to
particles and settle to the bottom. This has caused the public and the
agencies to be concerned about potential impacts associated with the disposal
of sediments dredged from these waterways. Several Federal and State agency
programs have recently targeted the reduction of chemical discharges into the
Sound. Over the longer term, these programs are expected to result in
improved conditions in the waterway sediments.

While many of the effects of dredged material disposal have been studied and
are well understood (Saucier, et al., 1980), information to address the
long-term consequences (chronic effects) of contaminated sediments has been
less intensive. As a result, public pressure has been exerted to severely
restrict or prohibit dredged material disposal in Puget Sound, even leading to
closures of key open-water disposal sites near the major dredging areas of
Seattle and Everett. Such closures have delayed maintenance dredging of
shipping'harbors and channels and increased the cost of harbor improvement
projects. Consequently, disposal of dredged sediments removed from waterways
for channel maintenance or for new port construction has become a major
management problem.
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PSDDA has addressed this problem by identifying new sites based on detailed
site identification studies, and by specifying a limiting biological effects
condition for use in site management.

c. Regulatory Consistency and Predictability. Not all dredged materials
contain the same concentrations of chemicals, or even the same chemicals.
large volumes of dredged sediments in Puget Sound have acceptable chemical
levels, and are suitable for open-water disposal. In addition, the availa-
bility of the sediment chemicals for uptake by aquatic organisms (bloavaila-
bility) varies between different sediments. Thus, the responses to handling
dredged materials must be on a somewhat case-by-case basis. However, con-
sistency among the various regulatory agencies overseeing dredged material
disposal and a predictability in permitting and administration of sites is
needed in order to meet environmental goals as cost-effectively as possible.
Predictability and consistency are also important to the private sector where
investment risk assessment is often critical, and the governmental approval
process is viewed with concern.

Though the PSIC are recognized as a useful interim solution, a number of con-
cerns have been expressed over use of the criteria. By basing the interim
criteria only on comparison to reference, the potential for sediment chemicals
to cause adverse effects to biological resources has not been directly con-
sIdered. As a result, when a relatively pristine area is used as a reference
the criteria overly restrict dredged material disposal and result in unneces-
sary costs. When previously used disposal sites are taken as the reference
areas there is concern that an existing adverse situation might be allowed to
persist.

1.03 Goal and Objectives. The goal of PSDDA Is to provide publicly accepta-
ble guidelines governing environmentally safe, unconfined open-water disposal
of dredged material in Puget Sound, improving consistency and predictability
In the site management process. Public acceptability includes consideration
of a wide rrnge of factors. Among these are scientifically sound procedures
and practicability, which includes cost effectiveness, and the extent and
permanence of beneficial and/or detrimental effects. This ioal is In con-
sonance with Section 404 of the Federal Clean Water Act (34A) and the Section
404(b)(1) Guidelines (40 CFR Part 230), whose purpose is to restore and main-
tain the chemical, physical, and biological Integrity of waters of the United
States through the control of discharges of dredged or fill rntcrial.

The major study issues addressed in the FEIS are:

o the identification of acceptable unconfined, open-water disposal sites
and

o the detei:mination of a limiting biological effects condition for
disposal site management.

1.04 Relation of Study to Federal and State Authorities. The specific
authorities by which the Corps, EPA, DNR, ,,nd Ecology are participating in the
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PSDDA study and which will govern their actions during implementation of the
management plan are briefly described here. A more detailed discussion is
contained in the HPR.

a. Federal Authorities. The Corps regulatory authority over waters of
the United States includes disposal of dredged materials in navigable waters
such as Puget Sound. The Corps authority to issue or deny permit applications
stems from Section 404 of the CWA (Public Law 92-500, as amended). Section
404 authorizes the Secretary of the Army, acting through the Corps, to issue
permits for the discharge of dredged or fill material into waters of the
United States. These permits specify disposal sites for dredged material
determined to be suitable for discharge into waters of the United States in
accordance with the Section 404(b)(1) Guidelines (discussed below). Section
404(b)(2) allows the Corps to issue permits otherwise prohibited by the Guide-
lines, based on consideration of the economics of anchorage and navigation.
The public Interest review process used by the Corps provides for considera-
tion of a number of factors in permit and project decisions. Permit decisions
will be based on an evaluation of probable impacts, including cumulative
impacts, of the proposed activity and its intended use on the public interest
(33 CFR 320.4). Via this weighing and balancing process, a permit decision is
influenced by broad considerations. For activities involving 404 dischgrges,
a permit will be denied if the discharge that would be authorized by such a
permit would not comply with the 404(b)(1) Guidelines (subject to the
404(b)(2) exception).

EeA, in conjunction with the Corps, develops guidelines for the specification
and use of disposal sites under Section 404(b)(1) of the CWA. EPA is author-
ized by Secton 404(c), after notice and opportunity for public hearings, to
prohibit or restrict the use of a disposal site whenever it determines that
the discharge of such materials will have "unacceptable adverse Impacts" on
municipal water supplies, shellfish beds and fishery areas, wildlife, or
recreational areas. Further, the State of Washington is authorized by
Section 401 of the CWA to make determinations regarding a water quality
certification prior to issuance of a Federal permit for, or conduct of a
Federal project involving, dredged material disposal in waters of the United
States.

The overall guidelines for specification of disposal sites for dredged mate-
rial are the Section 404(b)(1) Guidelines (40 CFR Part 230). These guidelines
require consideration of numerous factors prior to allowing disposal of
dredged material in waters of the United States. Subpart G of the Section
404(b)(1) Guidelines provides guidance for evaluation and testin2 of dredged
material to be disposed into waters of the United States. Per the Guidelines,
specific evaluation procedures are furnished by the Corps and EPA as "interim
guidance" (40 CFR 230.61). In 1980, EPA, in conjunction with the Corps
published final Guidelines for tue specification of disposal sites for dredged
or fill material. These specify that the disposal of dredged material must
not result in an "unacceptable adverse impact" to aquatic ecosystems. Simul-
taneously, proposed rules for testing requirements were published. Although
final rulemaking has iiut taker place, the testing requirements and procedures
have been implemented by the Corps as a matter of policy.
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Advance identification of the PSDDA disposal sites was accomplished concurrent

with public review of the Phase I draft documents by EPA and the Corps under
subpart I of the Section 404(b)(1) Guidelines (40 CFR 230.80). Under this

action a determination was made of the suitability of the selected Phase I
disposal sites for future disposal of dredged material. This FEIS contains
the notice of final determination of suitability (see exhibit B).

The National Environmental Policy Act (NEPA) requires all Federal agencies to
assess the environmental impacts of major Federal actions significantly
affecting the quality of the human environment and to consider all reasonable

alternatives (see paragraph 1.04.3 below). The Coastal Zone Management Act
(CZMA) (Public Law 92-583) requires that Federal projects be consistent to the

maximum extent practicable, with the State's coastal zone management program

(CZMP). For non-Federal projects, consistency requirements are more rigorous.

b. State Authorities. Congress granted to the states the responsibility
for certifying under Section 401 of the CWA that a proposed discharge, result-

ing from a project described in a Corps public notice issued under Section 404
of the CWA, will comply with all applicable provisions of State and Federal

water quality laws. Ecology has interpreted these laws to include sediment
quality as an aspect of water quality. This certification is required from

any applicant for a Federal permit (or Federal project) to conduct any activity
which may result in any discharge into State waters. Compliance with Section
401 also ensures that any such discharge will comply with the applicable pro-

visions of Sections 301, 302, 303, 306, and 307 of the CWA. In particular,

Section 303 allows states to establish water quality standards and provides

that discharges meet these standards.

Ecology also establishes guidelines for State and local administration of the

Washington Shoreline Management Act (SMA) (RCW 90.58). Ecology ensures that
permits Issued by local governments are consistent with the intent of the act.

DNR is the State proprietary land agency that manages State-owned tidelands
and bottom lands of Puget Sound, including the disposal sites. DN1W designates

unconfined, open-water disposal sites, secures local shoreline permits for
site use, issues site permits to dredgers (other than the Corps), and manages
site use. DNR site designation has been historically accomplished by an
interagency siting committee. The Corps participates on this committee and
utilizes the State-designated sites for Federal dredging projects.

c. Implementation of the PSDDA Evaluation Procedures. Responsibilities
of each of the PSDDA regulatory agencies under Section 404 or Section 401 of
the CWA will be accomplished in accordance with each agency's a thorities and

policies. The PSDDA dredged material evaluation procedures, described in the
MPR and the Evaluation Procedures Technical Appendix (EPTA), will be applied
by each regulatory agency consistent with these authorities and policies. The
procedures provide the basis for an overall approach which can meet the case-
by-case requirements of both Section 404 and Section 401. Most elements of
the PSDDA procedures are common to both authorities. However, some elements

are unique to either Section 404 or Section 401 reqirements. Those seeking
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approval for unconfined, open-water disposal will need to meet both require-
ments, i.e., undertake the full suite of PSDDA tests, as each agency deter-
mines is applicable.

The Corps requirements for the evaluation of dredged material proposed for
unconfined disposal is Puget Sound waters, as specified in Subpart G of the
Section 404(b)(1) Guidelines, will be met primarily by the Section 404 com-
ponents of the PSDDA evaluation procedures. The Section 404 component of the
PSDDA procedures are, and will be, applied consistent with the national Corps
procedures. The Corps will address other aspects of the Section 404(b)(1)
compliance, such as impacts on navigation and national commerce and avoidance
and minimization of impacts, including mitigation of unavoidable impacts and
alternatives analysis on a case-by-case basis. Required national Corps
procedures for implementation are reflected in 51 FR 19694 dated May 30, 1986
for Corps projects and 33 CFR 320-330 for the Corps regulatory program.

The EPA will rely on the PSDDA evaluation procedures as the basis for prevent-
ing sediment degradation of the aquatic environment, as required by Section
404(b)(1) Guidelines. These procedures represent the testing approaches and
procedures, allowed under the guidelines, which EPA would require during the
evaluation of dredged material. Other aspects of the Section 404(b)(1) com-
pliance, such as avoidance and minimization of impacts, including mitigation
of unavoidable impacts, will also be addressed by EPA, during comprehensive
reviews, on a case-by-case basis.

Ecology will apply the appropriate PSDDA evaluation procedures in assessing
applications for Section 401 Water Quality Ceritification. Initially, the
procedures will be treated as guidelines. However, the PSDDA evaluation pro-
cedures may later be adopted as a State regulation, depending on actions that
might be taken by the Puget Sound Water Quality Authority in their adoption of
the proposed PSDDA management plan as a feature of the PSWQA Water Quality
Management Plan.

The State Environmental Policy Act (SEPA) (RCW 4 3.21c) requires consideration
of environmental impacts In taking "actions" as defined by the regulations.
Adoption of the PSDDA program is considered to be a nonproject action and is
subject to SEPA (see paragraph 1.04,c below).

d. NEPA and SEPA Requirements. Both NEPA and SEPA call for the integra-
tion of environmental considerations into the planning process concurrent with
the evaluation of economic, social, and technological aspects of a proposal or
plan. The procedural requirements of these laws specify the documentation and
disclosure of this integrated assessment when recommending or proposing an
agency action (unless such action is of minor consequence to the environment
and is categorically excluded from this assessment). The extent of the docu-
mentation is dependent on the degree of potential adverse environmental
effects resulting from the proposal. Per NEPA, an EIS is required "in every
recommendation or report on proposals for legislation and other major Federal
actions significantly affecting the quality of the human environment" (40 CFR
1502.3). The term "significantly" requires consideration of both "context"
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(affected region, affected interests, and locality) and "intensity" (deprev,
controversy, persistence, geographic extent, etc., of effects) (40 CFR
1598.27). EIS's may be needed for specific project proposals, or may be
prepared for broad Federal actions (such as the adoption of programs that
affect larger geographic areas (i.e., a large water body such as Puget Sound),
or that generically involve many similar actions (40 CFR 1502.4)). The SEPA
requirements are very similar to those of NEPA. Pursuant to SEPA, an EIS is
required once a responsible official has determined that a proposal may have
"probable significant adverse environmental impact" (WAC 197-11-360). How-
ever, EIS's may be prepared for other purposes, as was done in the case of
PSDDA.

NLPA includes "planning to avoid and minimize adverse effects" as one aspect
of "mitigation." The PSDDA plan avoids and minimizes potential adverse
effects. Lonsequently, the plan elements are, in part, a mitigation feature
of dredged material management. The goal of environmental protection and the
objectives of the CWA have been met by the plan. Under both NEPA and SEPA,
mitigation that reduces the probable adverse impact to less than significant
levels can be a basis for deciding that an EIS is not warranted (as long as
the mitigation is an integral part of the original proposal), though NEPA
rules discourage this approach.

The decision to prepare an EIS as part of the PSDDA study was not based on an
a p determination that the resulting adverse effects would be "signifi-
cant. It was recognized that the environmental impacts of the plan will
depend on where disposal sites are located and the dredged material that will
be discharged at those sites. Accordingly, the agencies participating in the S
PSDDA study agreed to prepare an EIS to "encourage and facilitate public
involvement in decisions which affect the quality of the human environment"
(40 CFR 1500.2) (emphasis added). The March 1985 PSDDA plan of study notes
that the EIS will provide a "a formal and accepted means to involve the
public" and "the basis for subsequent implementing actions" by the PSDDA
agencies.

1.05 kelationship to Other Documents. The PSDDA Phase I FEIS provides an
assessment of probable impacts resulting from the selected alternatives. The
FLIS systematically presents alternative unconfined, op(:n-water siting options
and alternative disposal site management conditions. Options not deemed feas-
ible or environmentally appropriate are identified and then dropped from final
consideration. Information used in the selection of unconfined, open-water
disposal sites, arnd the biological effects condition for site -anagement is
displayed.

Only the disposal site location and/or site management condition are viewed as
the key alternatives for purposes of NEPA/SEPA compliance. Any change to
these elements of the management plan has the potential for significant
effects on the environment and may require preparation of a supplemental EIS,
sitould future changes be proposed. The other elements of the nJanagement plan,
e.g., dredged material evaluation procedures, environmental monitoring, etc.,
are solely intended to be the means by which the site management condition is
controlled. Accordingly, any changes to these other elements are not antici-
pated to require preparation of a supplemental EIS.
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Other PSDDA documents which support this FEIS include a report containing the
management plan and three technical appendixes which provide detailed informa-
ticn in support of the plan. These documents are further described below:

o Management Plan Report (MPR) - Unconfined, Open-Water Disposal of
Dredged Material, Phase I (Central Puget Sound). This document describes the
study authorities, background, goal, objectives, and planning process which
resulted in the PSDDA management plan. The plan is presented with expanded
coverage given to major program elements. Also included is a discussion on
the implementation of the management plan.

o Disposal Site Selection Technical Appendix (DSSTA). A detailed
description of the disposal site identification process for future dredged
material disposal is provided along with information on the existing disposal
sites and alternative sites considered.

o Evaluation Procedures Technical Appendix (EPTA). This appendix covers
the dredged material sampling, testing, and disposal guidelines developed
during the PSDDA study.

o Management Plans Technical Appendix (MPTA). Dredging and dredged
material disposal permit compliance inspection requirements, environmental
monitoring of disposal sites, and other site management activities are
addressed here.

PSDDA Technical Reports. Bound separately and referenced in the above docu-
ments are many technical reports prepared through the PSDDA study. TheseB' reports provide the details of the scientific analysis, field studies, and
public involvement in support of the PSDDA findings.

Dredged Material Research Program (DMRP) Reports. The PSDDA study has
recognized the considerable nationwide research which has been accomplished
since the early 1970's through the Corps' Dredged Material Research Program
(tIP). This program has assessed the environmental effects of dredged mate-
rial disposal (Saucier et al., 1980). As part of the DMRP, studies were
conducted in Elliott Bay and elsewhere in Puget Sound. The research has been
used by the Corps in making decisions on dredged material disposal. DMRP has
shown that most dredged material nationwide is acceptable for open-water dis-
posal and can have many potential beneficial uses, including fish and wildlife
habitat development. Puget Sound examples of beneficial uses of dredged
material include Jetty Island at Everett, clam habitat development at Oak Bay
Canal, and a beach feed erosion control at Keystone Harbor on Whidbey Island.
DMRP reports were prepared and published by the Corps Waterways Experiment
Station (WES) located in Vicksburg, Mississippi. Research and development
continues on all aspects of dredged material disposal through the Corps'
Environmental Effects of Dredging Programs, administered by the Corps' WES
(Engler et al., 1987).
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Puget Sound Water Quality Authority (PSWQA) 1987 Water Quality Management
Plan. A final Puget Sound Water Quality Management Plan, adopted by PSWQA in
December 1986, proposes various actions to control and prevent pollution
Sound-wide. According to legislative mandate, the plan contains recommenda-
tions addressing a variety of pollution related issues including nonpoint
source pollution management, industrial pretreatment of toxic wastes, dredged
material disposal management, and the protection, preservation, and restora-
tion of wetlands, wildlife habitat, and shellfish beds. (For detailed infor-
mation about comprehensive pollution control efforts, see the 1987 Puget Sound
Water Quality Management Plan (PSWQA, January 1987) and the Final Environmental
Impact Statement and Revised Preferred Plan (PSQWA, December 1986).

PSDDA is acknowledged by PSWQA as the appropriate effort for dealing with
unconfined, open-water disposal of dredged material. The PSDDA Phase I plan
may be incorporated in an amended PSWQA water quality management plan. The
evaluation of dredging and disposal of dredged material containing
contaminated sediments has been addressed in the Puget Sound Water Quality
Management Plan. The PSWQA plan calls for Ecology to "develop and adopt by
regulation, criteria for identifying and designating sediments that have
observable acute or chronic adverse effects on biological resources or pose a
significant health risk to humans. Sediments that exceed the criteria are
defined as 'sediments having adverse effects.'" However, the plan notes that
"these sediment criteria will not necessarily be directly applied to decisions
on dredged material disposal or the cleanup of contaminated sediment sites.
PSDDA is expected to recommend criteria for environmentally safe and publicly
acceptable unconfined aquatic disposal of dredged material that allow some
material with adverse effects to be disposed of in open water."

PSDDA Phase II EIS. A separate EIS will be prepared for the Phase II study
area. The disposal site selection process may differ somewhat from that used
in Phase I because of different environmental conditions. However, the
general approach to site identification studies and assessment of alternative
site management conditions used for Phase I have been applied to Phase II.
Public review of the Phase II DEIS is currently expected to begin during the
winter of 1988.

1.06 Study Coordination/Public Involvements. Extensive coordination occurred
during the course of the PSDDA Phase I study and many opportunities were pro-
vided for public involvement. This is fully described in section 6. Exhibit
C contains the comments received on the Phase I draft EIS and other supporting
draft documents during the 45-day formal public review (January 15 to March 1,
1988), together with responses by the PSDDA agencies.
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SECTION 2. ALTERNATIVES

2.01 Introduction. The alternatives adddressed in this FEIS were formulated
to meet the site identification and management objectives of the PSDDA study.
The environmental consequences are primarily associated with the location of
the disposal sites and the definition of limiting disposal site biological
effects conditions that would be used for management. In defining alternative
site management conditions, varying degrees of adverse biological effects that
might occur at the sites were addressed. Consequently, the final action
alternatives analyzed result from combinations of the different site locations
and consideration of different biological effects site management conditions.

Many features of site management are common to all action alternatives, and
include the necessary activities for proper site control and program admini-
stration by the various regulatory agencies. As these features are viewed
primarily as implementing or management activities, supporting the disposal
sites and site management conditions, they are not addressed as alternatives
in the FEIS. Also these supporting elements of the management plan do not
differ greatly among sites or site conditions. Common features of site
management that are directly pertinent to the environmental consequences of
PSDDA are summarized in section 2.05.

While the PSDDA agencies have not addressed other methods of dredged material
disposal (i.e., uplands, nearshore, or confined aquatic) as specific alterna-
tives in the FEIS, these other methods are treated on a generic basis and
reflected in the impact analysis. In considering what material is acceptable
for unconfined, open-water disposal at the newly identified sites, no attempt
was made to resolve what should be done with material that would not be found
acceptable for unconfined, open-water disposal. There were several reasons
for this. First, while disposal in Puget Sound revolves around many region-
wide and statewide issues, disposal on land (especially for material contain-
ing elevated levels of chemicals of concern) is very much associated with
local government decisions regarding land uses. Second, the authorities of
the various agencies involved in PSDDA are not easily applied to land. And
last, the State of Washington, in a recently initiated study, is addressing
confined disposal options and associated testing procedures, building on the
work done through PSDDA.

The option for "pretreatment" of dredged material prior to disposal at uncon-
fined, open-water sites was considered. Pretreatment consists of either
separating chemicals of concern from dredged material, immobilizing these
chemicals in dredged material, or destroying them in dredged material prior to
disposal. Separation may be accomplished physically or chemically. Because
most chemicals of concern are associated with the fine-grained sediments,
physical separation of the fine grained from the coarse-grained fraction of
the material will generally separate out the chemicals. However, the
technical and economic feasibility of this technique, which would be highly
project-specific, has not been attempted in the field. Laboratory research is
underway regarding chemical separation with various solvents. However, this
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technique also has not been demonstrated in the field. Costs for all separa-
tion techniques are substantial. The second technique, immobilization of
chemicals of concern (more specifically called solidification/stabilization
techniques), has not been attempted in field-scale projects or coupled with
unconfined, open-water disposal. More research and development would be
needed before chemical immobiliation becomes feasible. The final technique,
destruction of chemicals of concern via incinerator followed by residue
disposal, is very costly and time consuming, and is not currently economically
and logistically feasible. However, there may be some instances in the future
where incineration will be feasible for very small volumes of material con-
taining high concentrations of organic compounds. Consequently, the pretreat-
ment option is not recommended for wide application in Puget Sound due to a
lack of field-scale testing, uncertain costs, and the unavailability of
equipment, and the highly project-specific nature of the chemical pretreatment
process.

The development of the final alternatives considered in the FEIS is displayed
in table 2.1. The matrix outlines the systematic process used to define
feasible alternatives that meet the study objectives. It also serves as a map
of the analysis provided in the remainder of section 2, as references to the
appropriate paragraphs are provided for each matrix topic. As shown in the
table, the final alternatives (combinations of specific unconfined, open-water
disposal sites and biological effects site conditions) are individually
addressed in sections 3 and 4 of the FEIS. As discussed in paragraph 2.04.c
below, the site management condition will be applicable to the entire Phase I
area, thereby assuring consistency in dredged material management for central
Puget Sound. To emphasize this regional perspective, the environmental
consequences of the Phase I preferred site condition are addressed in section
5 of the FEIS.

2.02 No Action Alternative. The regulations established for implementation
of the National Environmental Policy Act (NEPA) and the State of Washington
Ehvironmental Policy Act (SEPA) require consideration of reasonable alterna-
tive actions. The No Action alternative is mandatory in this analysis.

Because PSDDA is dealing with both disposal site identification and the site
biological effects condition for the management of unconfined, open-water
sites, the No Action alternative is somewhat more complex than for a typical
dredging project. As discussed in the following paragraphs, several possible
definitions of the No Action alternative were considered. These included "no
dredging," ".continue past management practices," and "no designation of public
multiuser unconfined open-water disposal sites."

a. No Dredging. Under this possible No Action alternative the problem of
disposing of dredged material would be handled by precluding dredging proj-
ects. With "no dredging," most harbors and waterways that were developed
through dredging would eventually experience shoaling to the point that com-
mercial and recreational traffic would be impaired, causing severe socioeco-
nomic hardships to both the private and public sectors. While potentially
significant, the foregone benefits (for new projects) and economic impacts
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(for maintenance projects) of not dredging are dependent on project-specific
factors. With available information, it is not possible to quantify the
effects of discontinuing dredging in the Phase I area. however, the potential
loss of marine commerce and other related economic activities could result in
two significant impacts - social disruption from loss of jobs and loss of
property tax revenue. Dredging of existing and future navigation channels and
berths is essential to Puget Sound area ports, marinas, 3nd other marine
activities. Future Phase I area dredging volumes are estimated to reach about
22.7 million cubic yards (c.y.) over the period 1985-2000, an increase of
nearly 35 percent over the previous I years.

The "no dredging" alternative is not considered to be a realistic option for
central Puget Sound as it does not serve the overall public interest and
therefore is not considered to be implementable. Accordingly, this alterna-
tive was dropped from further consideration as the appropriate No Action
alternative.

b. Continue Past Management Practices. Disposal site designation in the
past has been accomplished by DNR in accordance with established regulations
(NAC 332-30-166), and with the approval of local shoreline jurisdictions which
grant a shoreline permit to DNR. DNR has designated sites near each of the
major dredging areas in the Phase I area (Commencement Bay, Elliott Bay, and
Port Gardner).

Until 1984, Puget Sound dredged material sampling, testing, and test inter-
pretation requirements were established on a project by project basis. EPA
and tle Corps, in cooperation with Ecology, assessed non-Corps dredging
projects. The Corps conducted the evaluations for federally authorized Corps
navigation projects. (For the purposes of this EIS, federally authorized
navigation projects include Corps projects authorized under various River and
Harbor Acts as well as all other federally operated channels such as Navy,
U.S. Coast Guard, NOAA, etc.) In the case of Corps navigation projects,
Seattle District developed testing procedures, developed programmatically for
Corps projects, were also required, as appropriate, for non-Corps permit
applicants.

Case-by-case evaluations did not provide local authorities with sufficient
assurance that aquatic resources at the disposal sites were being adequately
protected. The Puget Sound area is unique relative to other regions of the
Nation in that local governments also play a key role in dredged material
disposal, through their shoreline master programs, under the State shoreline
permit process. Local jurisdictions can condition or restrict dredging and
dredged material disposal.

The lack of fully consistent evaluation procedures, or specific objective
decision criteria led, in part, to the establishment of interim disposal
criteria by EPA and Ecology for the Fourmile Rock disposal site in Seattle'm
Elliott Bay in 1984 and the Port Gardner site near Everett in 1985. The
Fourmile Rock criteria became a condition of the local shoreline perimit issued
by the ciLy of Seattle to DNR and the Port Gardner criteria a condition of the
city oi Everett permit for the existing Port Gardner site. Subsequently, in
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1985, Ecology developed the Puget Sound Interim Criteria (PSIC) to ensure that
the other Puget Sound disposal sites did not experience similar problems.
These criteria have been used in the interim pending development of regional
Sound-wide guidelines for dredged material disposal.

An analysis of historical trends in costs of dredged material testing and
disposal costs is provided in section 5.02 of the FEIS. The analysis shows
that costs increased significantly after 1984 due to the interim criteria.

For purposes of assessing this option for the No Action alternative, it was
assumed that the PSIC would be adopted for all Phase I disposal sites when
existing shoreline permits expired. On June 7, 1987, the permit expired for
the Fourmile Rock disposal site. The permit for the Commencement Bay site
expired in June 1988. Also, it was assumed that the existing disposal sites
would be reopened with new shoreline permits granted by local jurisdictions
without any special conditions of site use. However, discussions with local
shoreline juridictions have clearly indicated that, in the absence of PSDDA or
a comparable comprehensive regional study (requiring substantial funding and
interagency involvement), there is little likelihood that new shoreline permits
would be issued for the existing Phase I area sites. The locations of several
of these sites have been opposed by local citizens and environmental groups
aside from the lack of consistent and objective disposal guidelines. In the
absence of new local shoreline permits, the existing DNR disposal sites would
not be available. Continuing past management practices is not considered an
appropriate definition of No Action as the basic premises of this option are
viewed as unrealistic.

c. No Designation of Public Multiuser Unconfined, Open-Water Disposal
Sites. The No Action alternative that has been carried forward for the PSDDA
study is "no designation of public multiuser unconfined, open-water disposal
sites." This option Is felt to be the best assessment of the No Action
alternative (what would likely result in the absence of PSDDA), based on
discussions with affected local shoreline jurisdictions, PSWQA, and the
Washington Public Ports Association. Conditions that led to PSDDA would still
exist in the absence of PSDDA, with local shoreline jurisdictions expected to
deny shoreline permits for public multiuser sites and most projects until a

comprehensive regional plan for dredged material management has been com-
pleted. However, limited unconfined open-water disposal may continue on a
project by project basis where dredged material meets the PSIC, and local
shoreliae jurisdictions are willing to grant conditional use permits. This
would likely occur in cases where the disposal will either have a beneficial
use or the appropriate environmental impact studies will have been under-
taken. This disposal would occur at project-sponsor identified sites, if
environmental impacts are acceptable and project need is adequately demon-
strated. All other dredged material would be placed in the nearshore or
upland environment. Confined aquatic disposal (CAD) is presumed to be
substantially precluded because the same site location requirements would
apply to CAD sites as those required for unconfined, open-water sites. Under
this No Action alternative dredged material passing PSIC could be used to
create nearshore wetland environments as well as underwater reefs and island
habitats. Also, dredged sediments could be used as clean fill material, or as
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a cap for isolating sediments containing chemicals of concern from interaction
with aquatic biota. A recent example of this is the Metro proposal to place
clean sands from the head of the Duwamish River navigable channel (the Corps
Seattle Harbor Navigation Project) as a cover for sediments located outside
the Denny Way Combined Sewer Outfill (CSO). This would allow Metro to
identify these chemicals that are still being actively discharged from the
CSO, and at what rates.

The dredging volumes to be discharged at unconfined, open-water areas, under
this alternative, were estimated from an assessment of the dredged materials
expected to meet PSIC (2,250,000 c.y./15 years). Unconfined, open-water
disposal would be likely for only those projects that would use these mate-
rials for "beneficial uses" (such as habitat development, beach stabilization,
or capping of relatively contaminated areas), and those projects that are
sufficiently in the public interest to warrant approval of unconfined, open-
water disposal at other locations. As considerable expense is associated with
disposal site studies, only the larger projects would be expected to have the
resources needed to gain approval for disposal in open-water areas of central
Puget Sound.

This No Action alternative complies with the Council on Environmental Quality
(CEQ) regulations and provides a clear benchmark for comparing the environ-
mental effects of the action alternatives (per regulation requirements).

Selection of the No Action alternative for PSDDA would have resulted in a
number of potentially severe economic and environmental consequences which are
detailed in section 4 of this FEIS. In general, most dredged material under
this alternative (estimated to be almost 90 percent of forecasted volume)
would require confined disposal on land or at nearshore sites. Locating and
developing acceptable confined upland and nearshore disposal sites is a com-
plex and expensive task. Public and agency approval is increasingly difficult
to achieve for any disposal site located nearby to residential or recreational
areas. Potential adverse effects to intertidal habitat, wetlands, land habi-
tat and ground water resources are also considerations for siting and con-
struction of nearshore and upland disposal sites. Dredgers seeking permits
for development of a confined disposal site have found the process expensive,
and subject to significant delays.

2.03 Identification of Unconfined Open-Water Disposal Sites.

a. Overview of Site Identification Process. The site identification
process employed by PSDDA utilized existing information in combination with
field studies to identify preferred and alternative disposal sites. The
approach used is similar to that described in the EPA and Corps workbook
entitled "General Approach to Designation Studies for Ocean Dredged Material
Disposal Sites" (EPA, 1984). Steps of the site identification process were as
follows:
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(1) Define general siting philosophy. (This step addresses disposal
philosophy (i.e., whether sites should be dispersive or nondispersive), gen-
eral siting locations (i.e., ocean, strait, or sound), and number of disposal
sites.)

(2) Identify selection factors to delineate Zones of Siting

Feasibility (ZSF's). (This step uses existing information on biological
resources and human use activities to identify general areas where disposal
sites might be appropriately located.)

(3) Conduct field studies on the ZSF's. (Field and model studies are
conducted to fill key data gaps and gather information on the physical and
biological conditions of the ZSF's. Since these studies were conducted to
check the general condition of the ZSF's, they are sometimes referred to as
"checking studies.")

(4) Identify preliminary sites within the ZSF's. (Information from

the ZSF studies is used to identify preliminary locations for disposal sites
within the ZSF's.)

(5) Conduct field studies on the sites. (Field and model studies are
conducted to obtain needed physical and biological information for the pre-
liminary sites. These studies are referred to as "site-specific studies.")

(6) Identify preferred sites. (Information from the site-specific
studies is used to identify preferred and alternative sites.)

These steps, which generally follow the illustrated outline in table 2.1, are
described futher below. Detailed descriptions of the site identification
process, study results and ZSF and site conditions are contained in the
Disposal Site Selection Technical Appendix (DSSTA).

Existing DNR disposal sites were considered in the disposal site identi-
fication process if they met site identification factors discussed below. It
was agreed at the beginning of the PSDDA study, that no special status, a
priori, would be given to the existing sites as the intent was to establish
the best possible locations for dredged material disposal. An objective site
identification process was used to minimize environmental and human usage
conflicts as much as possible, and existing sites adequately meeting the site
identification factors and constraints were given equal consideration with
other potential sites.

b. Disposal Philosophy. Also early in the study, it was decided that the
Phase I area open-water unconfined disposal sites should be located where
tidal currents are generally low, i.e., in areas where sediments tend to
accumulate and where dredged material would tend to stay. Such areas were
defined as having relatively nondispersive environments. Placing dredged
material in nondispersive sites gives site managers the ability to maintain
control and accountability over site conditions. This is particularly impor-
tant when chemicals of concern may be present in the dredged material and it
is necessary to minimize the exposure of important resources to these
chemicals.
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The ability to monitor disposal site operations, to modify disposal practices,
and to conduct any necessary site remedial actions, are all advantages of the
nondispersive siting philosophy. At dispersive sites, where currents are high
and therefore capable of spreading sediments over a large area, monitoring and
assessment of impacts is difficult.

c. General Siting Locations. General areas available for unconfined,
open-water disposal include the Pacific Ocean, the Strait of Juan de Fuca, and
Puget Sound. Discussion of each area follows.

(1) Ocean Disposal. While disposal of dredged material within State
waters is governed by the CWA and the Section 404(b)(1) Guidelines, disposal
beyond State controlled waters (usually 3 miles off the coast in the open
ocean), is regulated by guidelines developed under the !arine Protection,
Research and Sanctuaries Act (Public Law 92-532, as amended). The ocean
dumping regulations require application of specified criteria to evaluate
dredged material and the use of formally designated disposal sites. At the
present time, there are no designated ocean disposal sites in the Pacific
Ocean west of Cape Flattery.

TLe EPA ocean dumping criteria (40 CFR, Part 226) state that final site
designation under Section 102(c) (applicable to Section 103) of the Marine
Protection, Research, and Sanctuaries Act of 1972 uust be bassed on

environmental studies of each site and on historical knowledge of the impact
of dredged material disposal on areas similar to Sucii sites in physical,
chemical, and biological characteristics. The following are the general
criteria (40 CFR 228.5) and the specific factors (40 LFR 228.6) that must be
considered prior to site designation. General criteria for the selection of
sites are as follows:

(a) The dumping of materials into the ocean will be percmitted only at
sites or in areas selected to minimize the interference of disposal activities
with other activities in the marine environment, particularly avoiding areas
of existing fisheries or shellfisheries, and regions of heavy commercial or
recreational navigation.

(b) Locations and boundaries of disposal sites will be so chosen that
temporary perturbations in water quality or other environmental conditions
during initial uixing caused by disposal operations anywhere within the site
can be expected to be reduced to normal ambient seawater levels or to unde-
tectable contauinant concentrations or effects before retching dny Leacti,
shoreline, marine sanctuary, or known geographically limited fishery or
shelli[shery.

(c) If at any time duriag or after disposal site evaluation studies,
it is determined that existing disposal sites presently approved on an interim
basis for ocean dumping do not meet the criteria for site selection set forth
in 228.5-228.6, the use of such sites will be terminated as soon as suitable
alternative disposal sites can be designa ted.
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(d) The sizes of ocean disposal sites will be limited in order to
localize for identification and control any immediate adverse impacts and to
permit the implementation of effective monitoring and surveillance programs to
prevent adverse long-range impacts. The size, configuration, and location of
any disposal site will be determined as part of the disposal site evaluation
or designation study.

(e) PA will, wherever feasible, designate ocean dumping sites beyond
the edge of the continental shelf and other such sites that have been histor-
ically used.

The costs associated with barge transport of dredged material to tne ocean are
extremely high. Estimated unit costs of barge transport ($/c.y.) to potential
ocean disposal sites 10 or 50 nautical miles (nmi) off Cape Flattery (the Cape
is approximately 124 nmi from Elliott Bay) range as follows: from Port
Gardner: 431.55-41.55/c.y.; from Elliott Bay: 33.05-43.05/c.y.; and, from
Commencement Bay: $38.25-$48.25/c.y. These costs are in addition to dredging
costs. The cost analysis is contained in EPTA.

Prior to any disposal, permitting and EIS procedures similar to PSDDA would be
required for site designation and use. Additionally, site management condi-
tions for ocean, disposal are comparable to those which are being developed by
PSDDA. Therefore, it is highly unlikely that dredged material evaluation
procedures used for ocean disposal would be less restrictive than those
proposed for the Phase I area. Environmental benefits or savings which might
offset transportation costs are not anticipated. Also, conducting disposal
operations in the open ocean environment can be difficult and at tines hazar-

5. dous due to periodic high winds and waves from storm activity, especially
during the fall, winter, and early spring seasons.

Accordingly, ocean disposal has been ruled out as a viable alternative to
disposal sites at Port Gardner, Elliott Bay, and Commencement Bay. This is
not a reasonable disposal option because of decreased safety, much higher
costs and no offsetting environmental benefits.

(2) Disposal in the Strait of Juan de Fuca. Though disposal of
dredged material in the Strait of Juan de Fuca is regulated under Section 404
of CWA, many of the concerns for this option are similar to those of ocean
disposal. Dredged uaterial evaluation procedures would probably be similar to
PSDDA procedures and therefore no real change is expected in dredging volumes
that are accountable for unconfined, open-water disposal.

The transport costs for this option are also very high. Estimated unit costs
(3/c.y.) of barge transport from the Phase I areas to a potential disposal
site at the mouth of Cape Flattery within the Strait of Juan de Fuca are:
from Port Gardner: $29.30; from Elliott Bay: $30.60; and, from Commencement
Bay: $36.30 (see EPTA for details). Frequent winter storms would cause
disposal operations to be more hazardous titan the more sheltered areas of
central Puget Sound.
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Disposal in the strait also has been rejected as a reasonable alternative to
disposal sites at Port Gardner, Elliott Bay and Commencement Bay, because of
decreased safety and lack of environmental benefits which would offset the
much higher transportation costs.

(3) Puget Sound. The remaining potential open-water disposal sites
are located within the PSDDA II study area. There is no discernible gain in
environnental benefits that would offset increased costs from transporting
Phase I area dredged materials to either the northern or southern portions of
the Sound (Phase II areas).

Therefore, only dredging and open-water disposal sites within the confines of
the PSDDA Phase I area are addressed in detail.

d. Number of Sites. The major areas of dredging activity were identified
for the Phase I area to determine the number of disposal sites needed. A
review of dredging records revealed that the largest quantities of dredged
material are generated in waterways located at Everett, Seattle, and Tacoma.
Dredging at other locations of central Puget Sound is less frequent and
generates substantially less volume of material. The three cities are located
nearly equal distances from each other and on the edge of naturally deep
harbors which have low-energy or nondispersive environments.

Per table 2.1, "one or two," "three," and "four or more" regional disposal
sites were considered for the Phase I area. The one or two disposal site
option, would impact less total bottom acreage than the three, or four or more
options. While it would benefit the cities located near the site(s), it could
have significant economic repercussions for the other city(s) due to trans-
portation cost differences and therefore this option was rejected.

The four or more disposal sites option is also considered undesirable. Little
economic benefit would be realized by designating sites outside the major
dredging areas, and site management responsibilities and costs would be
increased. Also, more bottom area would be impacted than under the preferred
alternative.

Historically, dredged material disposal has occured at each of the three major
urban embayments. This precedent, in combination with the reasons described
above, resulted in the decision to have three disposal sites for the Phase I
area, one serving each of the three embayments.

e. Zones of Siting Feasibility (ZSF's) in Phase I Area.

(1) Identification of the ZSF's. Zones of Siting Feasibility (ZSF)
are those areas identified based on existing information which may have the
potential to accommodate open-water disposal activities. In general, ZSFs are
areas which have the least conflict with the siting factors of concern. The
process utilized to identify ZSF's involved four discrete steps:
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Step 1. Define general ZSF selection factors.

Step 2. Define and map specific ZSF selection factors.

Step 3. Apply constraints to the identified ZSF's.

Step 4. Prioritize ZSF's for purposes of field studies.

These steps are further described below, and are addressed in detail in the
DSSTA.

(a) General ZSF Selection Factors. Three general factors guided
ZSF selection. These factors were:

o Tidal Currents. High tidal current (high energy) areas, where
dredged material would be significantly dispersed beyond the
disposal site area, were to be avoided.

o Biological Resources. Significant adverse impacts were to be
avoided on foodfish, shellfish, marine mammals, and marine birds.

o Human Activites. Interference with human uses of marine
waters were to be held to the lowest practicable level.

(b) Specific ZSF Selection Factors. The three general ZSF
selection factors were further delineated by nineteen specific selection
factors (shown in table 2.2). Most of these factors are identified in Federal
and State regulations relating to dredged material disposal sites.

Information on each of the factors listed in table 2.2 was displayed on large,
transparent maps of central Puget Sound. By overlaying these maps, it was
possible to identify "windows" or areas between resources that might lend
themselves to disposal siting with a minimum of conflict with ecological
resources and other human uses of the sound. This mapping overlay process was
used to determine where the disposal site ZSF's should be located. Subsequent
to this analysis, additional constraints were applied to specifically
determine the ZSF boundaries.

(c) Apply Constraints to Identified ZSF's. Additionally, the
following constraints were imposed on ZSF boundaries:

o ZSF's were to be located a minimum water surface distance of
2,500 feet from adjacent shorelines to provide a buffer from
noise and adverse environmental effects.
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TABLE 2.2

SPECIFIC FACTORS FOR IDENTIFICATION OF
ZONES OF SITING FEASIBILITY

1. Navigation activities
2. Recreational uses
3. Cultural sites
4. Aquaculture facilities
5. Utilities
6. Scientific study areas
7. Point pollution sources
8. Water intakes
9. Shoreline land use designations
10. Political boundaries

11. Location of dredging areas
12. Beneficial uses of dredged material
13. Fish/shellfish harvest areas
14. Threatened and endangered species

15. Fish/shellfish habitat
16. Wetlands, mudflats and vegetated shallows
17. Bathymetry
18. Sediment characteristics
19. Water currents

21
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o ZSF's should be buffered from vulnerable biological resources
by a minimum distance of 2,500 feet as measured along the water
surface.

o ZSF's should be located in water depths greater than 120
feet. Water depths of less than 120 feet are generally more
productive and of major importance to many of Puget Sound's
important commercial fish species.

o ZSF's should be located in water depths of less than 600
feet. Based on model results, water depths greater than 600 feet
could result in substantially more dispersion of the dredged
material during descent through the water column.

It is important to note that the selection factors and constraints were viewed
as reasonable value judgments by the Disposal Site Work Group, for purposes of
planning, and should not be taken as inviolate standards. Details concerning
this process are provided in the DSSTA.

(d) Prioritization of ZSF's for Purposes of Field Studies.
ZSF's were further divided into priority 1 and 2 rankings based on their
proximity to major dredging areas. The rankings served to identify areas that
would receive first consideration for studies to locate potential sites.
Typically, priority 1 ZSF's were located within 10 nmi of major dredging
areas. If acceptable sites could not be found in priority 1 ZSF's; priority 2
ZSF's would be studied.

(2) Description of the ZSF's. All ZSF's identified by PSDDA in
central Puget Sound are shown in figures 2.1 and 2.2. The priority 1 ZSFs
identified from this process are located in Commencement Bay, inner Elliott
Bay, outer Elliott Bay, and Port Gardner (figures 2.3, 2.4, and 2.5, respec-
tively). The limited information available for the Port Gardner ZSF suggested
the need to identify a backup ZSF, pending information to be gathered from
field studies. Therefore, a priority 2 ZSF in Saratoga Passage was also
included for detailed studies (figure 2.6). Other priority 2 ZSF's were not
studied in detail since field studies of the previous ZSF's showed them to be
acceptable. The priority I ZSF's (plus Saratoga) are described below.

(a) Commencement Bay ZSF. (Figure 2.3) Boundary delineations
for the Commencement Bay ZSF were largely determined by the water depth
criteria (between 120 feet and 600 feet) and the 2,5CO-foot shoreline buffer.
Biological resource conflicts were minimal within the ZSF boundary. The
existing DNR disposal site is located within the priority 1 ZSF.

(b) Elliott Bay ZSF's. (Figure 2.4) The northern ZSF in
Elliott Bay is located off Fourmile Rock and is shaped roughly like a foot-
ball. The southwest boundary of the football was constrained by tugboat
routes and cable crossings, while the inshore boundary was determined by the
120-foot depth limitation and an anchorage area. The western corner of the ZSF
encompassed the existing DNR disposal site known as Fourmile Rock disposal
site. The inner Elliott Bay ZSF is located north of the mouth of the Duwamish

2
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River. The boundaries of the inner Elliott Bay ZSF were determined by ferry
crossings on the north, anchorage areas and navigation lanes to the south and
east.

(c) Port Gardner ZSF's. (Figure 2.5) The Port Gardner ZSF was

established using the constraints of water depth (i.e., deeper than 120 feet
and shallower than 600 feet) and a 2,500-foot buffer zone adjacent to the
shore. Limited data existed which indicated that important fish and shellfish
(notably Dungeness crab) resources might exist on all or portions of the ZSF.
Because of the paucity of existing data, field studies were conducted of the
ZSF to determine if these important fishery resources were indeed prevalent
throughout Port Gardner. The intent was to locate areas where resource
impacts could be minimized. The Saratoga Passage ZSF was identified as an
alternative in the event this was not possible. The existing DNR Port Gardner
disposal site was only partially located within the ZSF. Half of the site is
located outside the ZSF, within the 2,500-foot buffer zone.

The Saratoga Passage ZSF (figure 2.6) is located immediately south of the

mouth of Holmes Harbor. Factors determining the boundaries of this ZSF were
vessel traffic, shellfish populations, and finfish harvesting to the north-
east; finfish harvesting to the southeast; cable routes and crab populations

to the southwest; and groundfish habitats in the northwest.

f. ZSF Field Studies. Though initial overlay mapping was used to
establish ZSF's, this mapping also pointed out several key information gaps.
Accordingly, a series of field studies were undertaken to verify information
derived from the maps and to provide the basis for selecting potential dis-
posal sites within the ZSF's. These field studies are described in detail in
DSSTA.

Data collection activities focused on those areas where information was

lacking. The mapping data used for the priority 1 ZSF selection indicated
that little or no conflict with human, shoreline and shallow water uses and
values would occur. However, adequate physical and biological data,
sufficient for disposal site selection, were lacking for all of the priority 1
ZSF's. Therefore, field studies focused on two critical issues:

o What is the depositional/erosional (nondispersive/dispersive) nature of
areas within each ZSF? Can acceptable nondispersive (low tidal current)
sites be identified?

o What is the value of the priority 1 ZSF's to biological resources of
concern (i.e., crab, bottom fish, and shrimp). (Focus was placed on
species which would be in direct contact with the dredged material on the
sea floor.)

(1) Survey of Bottom Conditions. A submersible remote operational

vehicle (MANTA), collected physical bottom data with a sidescan sonar, and
attempted to obtain data on biological resources through use of a video camera
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and 35 millimeter stereo still cameras. This survey unfortunately was under-
taken immediately following a large storm event in November of 1985. Turbidity
in all deep central Puget Sound water at this time was extremely high. Still
photographs and video efforts were of little use. However, the sidescan sonar
effectively characterized bottom contours and identified larger features of
the bottom.

(2) Sediment Vertical Profiling System (SVPS) Survey. A special
sediment vertical profiling system (SVPS) device, allowing cross-sectional
photographs to be taken of the upper 16 centimeters (6.3 inches) of the sea-
floor bottom sediments, was used to check the ZSF's. Van veen grab samples
were taken to ground-truth the SVPS observations. A computer imaging analysis
system is then used to provide information on physical and biological
(infaunal benthos) characteristics. The SVPS identified general areas that
are depositional in nature.

(3) Depositional Analysis of the Sediments. The objective of the
depositional analysis was to locate areas within each ZSF where sediments tend
to deposit rather than erode. Previous work by Word, et al. (1984a) indicated
that sediments in Puget Sound tend to accumulate where existing sediments meet
the following four conditons (when compared to sediments at similar depths):
(1) abnormally small grain size; (2) abnormally high volatile solids;
(3) abnormally high water content; and (4) abnormally high biochemical oxygen
demand (BOD). Over 200 stations were occupied to collect sediment samples for
this technique. Study results were used to identify areas that were most
nondispersive within each ZSF. The reader is referred to the DSSTA, Part 5,
for a complete description of the methods and results of this study.

(4) Current Velocity Studies. Current strengths at each ZSF were
assessed from the following: (1) a review of historical field data (including
current meter work undertaken for PSDDA and the Navy in Port Gardner),
(2) application of a mathematical model simulation of tidal currents, (3) pre-
dicted current velocities from a physical hydraulic model, and (4) current
meters placed during the Phase I field studies at the existing disposal sites
in Elliott Bay and Port Gardner. The DSSTA provides a detailed discussion of
these studies.

Results indicate that all the priority ZSF's are in relatively low current
velocity areas (see DSSTA). Material deposited at the preferred sites should
generally remain there.

(5) Crab, Shrimp and Bottom Fish Trawling Studies. The distribution
and relative abundance of important commercial dungeness crab, shrimp and
bottom fish resources were mapped in and around all priority ZSF's from data
obtained during seasonal sampling cruises. The objective was to evaluate the
importance of the ZSF's in general to these commercial natural resources, and
to minimize impacts as much as possible as part of the site identification
process by helping to locate areas of relatively lowest habitat value.

Results indicated disposal sites can be located within the priority ZSF's yet
still avoid significant conflict with each of these resources.
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g. Preliminary Site Identification. Preliminary disposal sites within
the ZSF were identified using information obtained via ZSF identification and
field studies. Two factors were emphasized in locating the disposal sites:
(1) a low abundance of commercially important animals (i.e., small numbers of
crab, shrimp, and bottomfish); and (2) the presence of a relatively nondis-
persive area (i.e., sediment and current characteristics indicating that

sediments would stay at the disposal site).

Preliminary sites were identified in all the priority 1 ZSF's. As a result,
two sites were specified in Elliott Bay, two sites in Commencement Bay and two
sites in Port Gardner. Additionally, a site was also identified in the
Saratoga Passage ZSF. These sites were later treated as alternatives for
purposes of planning and NEPA/SEPA compliance.

h. Site Field Studies. Additional studies were conducted for the
preliminary sites to define the size of the bottom impact area and to refine

site location relative to food web values of these areas.

(1) Numerical IDump Model. To assist in establishing the size and
location of the disposal sites, a numerical model, originally developed for
EPA and later refined by the Corps' Waterways Experiment Station, was used to

estimate the depositional pattern caused by the disposal of a single bargeload
of dredged material (Trawle and Johnson, 1986). The model was run for two
types of dredged material at several depths and current speeds. Result from
this model were combined with an estimate of the probable surface disposal
zone to provide an initial assessment of the sediment deposition pattern that
might be caused by repeated disposals within a site. The model results
indicate that the impact of any one barge load (1,500 c.y.) of material is
confined to a relatively small area. In 400 feet of water the descending
cloud is approximately 250 feet in diameter (B. Trawle, personal communica-
tion) when it hits the bottom, occuring 30 seconds after disposal is
initiated. The collapsing cloud then spreads out in all directions. Ten
minutes later, essentially all of the material is deposited on the bottom
within a 1,000-foot radius of the drop point. The thickness of the deposited
material varies from about 0.3 inches at the center of the disposal mound to
0.04 inches at the edge. These results assume a worst-case spread of a
completely slurried load. Dredged material with cohesive clumps would not
spread as far or as thinly. The final size, orientation, and configuration of
the disposal sites are not significantly affected by the materials deposited
from any single barge disposal, but are governed by the total amount of
material being deposited, sediment bulking factors, stable side slope
characteristics of the sediments, existing bottom topography and consolidation
characteristics of both the bed and dredged material. The model studies were
used to define the bottom impact area, described below, for each of the sites.

(2) Food Web Study. Benthic resources within and adjacent to each of
the preliminary disposal sites were evaluated in terms of their food support
potential to bottom fish resources. A procedure called the Benthic Resources
Assessment Technique (BRAT) developed by the U.S. Army Waterways Experiment
Station (Lunz and Kendall, 1982), was used to quantify the food value of

2-22



bottom-dwelling organisms within soft-bottom habitats to bottom-feeding
fishes. Through BRAT estimates can be made of which organisms at a given site
are both vulnerable and available to selected foraging fish species.

Different species of bottom-feeding fishes can detect, capture, and ingest
only a portion of the available benthos. They will consume different prey at
different locations and seasons, reflecting the availability of vulnerable
prey. In BRAT, vulnerability is taken to be a function of the size of the
benthic food item, and availability of the prey's location below the sediment-
water interface. Both factors are estimated from an examination of the diets
of target predatory fish, and confirmed by a parallel examination of vulner-
able and available prey in the local benthic environment. Food web linkages
between benthic organisms, key fish and shellfish, and ultimately humans via
commercial and recreational fisheries offers resource managers a way of assign-
ing comparative resource values to alternative disposal sites. See the DSSTA,
Part 9, for a complete description of the methods and results of this
procedure.

As with the trawling studies, BRAT confirmed that resource values at the
preliminary disposal sites within the priority 1 ZSF's are equal to or lower
than surrounding areas. Consequently, adjustments to site locations were not
considered necessary.

i. Sites in Commencement Bay Area. Preferred (selected) and alternative
sites in the Commencement Bay ZSF (figure 2.7) were identified based on
results of ZSF and site-specific studies.

(1) Commencement Bay: Site Selection. Studies showed that benthic
resource values were relatively low in both the selected and alternative
sites, and were lowest at the selected site. No crab resources were found in
either site, and shrimp and bottomfish resources were also documented as low
to impoverished in each of the two sites. The selected site was chosen over
the alternate site primarily because it lies in an area where sediments appear
to be stable, nondispersive and more depositional in nature than the alterna-
tive site. The selected site was also located somewhat closer to the center
of dredging activity than the alternate site.

Further discussion on site selection is provided in section 4.

(2) Commencement Bay Site 1 (Selected Site). The center of the
Commencement Bay selected site is located at latitude 47d 18.22m and longitude
122d 27.84m and lies approximately 1 mile west of Browns Point (figure 2.7).
The center of the existing DNR disposal site is located 0.9 mile southeast of
the center of the selected site. The selected site is elliptical in shape,
covering approximately 310 acres, with a long axis of 4,600 feet oriented
parallel to the tidal current flood-ebb direction and short axis of 3,800
feet. The bottom slope at this site is approximately 1-foot vertical to 200
feet of horizontal distance, which is essentially flat. The proposed site
lies in an area where sediments tend to deposit rather than erode, as
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suggested by clay composition exceeding 15 percent, water content exceeding 50
percent, volatile solids exceeding 4 percent, and biochemical oxygen demand
exceeding 500 (data summary from Depositional Analysis). The small grain size
(i.e., medium silt) suggests that current speeds lie below the 25 centimeter
per second threshold; and are backed up by numerical model results suggesting
peak speeds of 18-20 centimeters per second. At this current speed, dredged
materials disposed should not be resuspended by local currents. Net current
direction appears to be toward the southwest and the site is oriented
accordingly.

(3) Commencement Bay Site 2. The center of the other disposal site is
located at latitude 47d 18.72m and longitude 122d 27.95m and a portion of the
site overlaps the northern one-third of the preferred site (figure 2.7).

The site has the same elliptical shape, dimensions and orientation (southwest)
as the preferred site (4,600 feet by 3,800 feet) and lies within the same
bathymetric depth range of 540-560 feet. Sediment characteristics are similar
to those of the preferred site (i.e., medium silt). The bottom side slope
conditions are also similar to those of the selected site (i.e., 1 on 200),
depicting a relatively flat bottom.

j. Sites in Elliott Bay Area. Selected and alternative sites for the two
Elliott Bay ZSF's were identified based on results of ZSF and site-specific
studies.

(1) Elliott Bay: Site Selection. Site specific studies of the
alternative sites in Elliott Bay (figure 2.8) indicated that both sites

S. exhibited relatively low benthic resource values, although the selected site
in inner Elliott Bay exhibited comparatively higher shrimp resources and
bottomfish resources than the alternative site 2. Dungeness crab resources
were nonexistent at both sites. The selected site in inner Elliott Bay was
chosen over the outer Elliott Bay alternate site for the following reasons.
First, the selected site is located in a more stable, low energy, and deposi-
tional environment. Studies at the alternate site indicated that there was
potentially strong currents (a kinetic gradient) through the site with an
attendant high likelihood of dispersion of dredged material offsite following
disposal; whereas extensive studies of an experimental dump at the inner
Elliott Bay site indicated that dredged material placed there had not eroded
over a several year period (DSSTA). Second, public concerns about the exist-
ing Fourmile Rock site, and input during the siting process, favored selection
of the inner Elliott Bay selected site over the alternate site. Third, low
sediment quality has been documented over much of the selected site. Dredged
material placed at the selected site could result in a net improvement of much
of the area's sediment. And fourth, the preferred site is relatively closer
to most of the Elliott Bay dredging activity.

Further discussion on site selection is provided in section 4.

(2) Elliott Bay Site 1 (Selected Site). The center of the selected
site in Elliott Bay is located at latitude 47d 35.97m and longitude 122d
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21.34m within the confines of a depositional area near the mouth of the
Duwamish River (figure 2.8). The disposal site is shaped like a large egg
with the south end of the site located in approximately 200 feet of water and
the north end of the site located in approximately 360 feet of water. The
site is approximately 6,200 feet in length and 4,000 feet wide, covering 415
acres. The site is located in a submarine valley with relatively steep sides
and a downward slope ranging from 1:30 to 1:50.

(3) Elliott Bay Site 2. The center of the other site in Elliott Bay
is located at latitude 47d 37.09m and longitude 122d 24.85m and lies just
southeast of the existing DNR disposal site (Fourmile Rock) (figure 2.8). The
boundaries of both sites overlap at the northwest corner of site 2. The
480-acre site is elliptical in shape with dimensions of 4,500 feet by 6,000
feet. The long axis of the rectangle runs parallel with the northwest to
southeast bottom contours. The north end of the site lies in approximately
500 feet of water, whereas the south end of the site is in 600 feet of water,
with a resulting bottom slope varing from 1:30 to 1:50 across the site. The
site is 4,000 feet south of Magnolia Bluff at the toe of a steep (1 foot
vertical to 8 feet horizontal) slope which fronts the Magnolia shoreline.

k. Sites in the Port Gardner Area. The selected and alternative sites
for the Port Gardner (figure 2.9) and Saratoga Passage (figure 2.10) ZSF's
were identified based on results of ZSF and site-specific studies.

(1) Port Gardner: Selection of Preferred Site. The preferred site
was selected over the alternative sites at Port Gardner and Saratoga Passage
for the following reasons. First, the selected site lies in an area of weak
bottom currents which is described as a depositional environment. Second, the
preferred site is removed from areas of high concentrations of benthic, crab,
shrimp, and bottomfish resources. Third, prevailing low currents flow in a
northward to westward direction, thus, ensuring that any suspended dredged
material that might move offsite would tend to move away from areas of high
crab, shrimp, and bottomfish populations (DSSTA). And fourth, the selected
site is reasonably close to the center of most of the dredging projects where
unconfined, open-water disposal will be a consideration.

The alternative site in Port Gardner also exhibits comparably similar
attributes to the preferred alternative site (i.e., low natural resources
onsite, low current/depositional environment, close to dredging area), but
lies proximal to high concentrations of crab, shrimp, and bottomfish
resources. It was largely eliminated from further coniz.Ueration because of
insufficient buffer zone between the site and adjacent natural resources. In
addition, the Port Gardner alternative site directly conflicts with the
disposal site for the Navy Homeport project. The alternative site in Saratoga
Passage was eliminated because of economic considerations, being further
removed from dredging areas (i.e., greater than 10 nautical miles), and the
presence of a less costly, environmentally acceptable alternative site in Port
Gardner Bay.

Further discussion on site selection is provided in section 4.
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(2) Port Gardner Site 1 (Selected Site). The center of the preferred

Port Gardner site is located at latitude 47d 58.86m and longitude 122d 16.67m,
and lies approximately 2 nmi west of Everett Harbor (figure 2.9). The

318-acre site is circular and located in 420 feet of water on a large flat
plane with a diameter of 4,200 feet. Bottom slopes are less than 1 feet

vertical on 200 feet horizontal. Because bottom slope and tidal currents
should not significantly alter the disposal site configuration, the delineated

site is a 4,000-foot-diameter circle that is concentric with the 1,800-foot-
diameter disposal zone.

(3) Port Gardner Site 2. The center of other site in the Port

Gardner ZSF is located at latitude 47d 58.26m and longitude 122d 15.55m and
lies 9,000 feet southwest of the mouth of the Snohomish River and 4000 feet

from the Everett shoreline (figure 2.9). The 375-acre site is egg-shaped with
dimensions of 3,800 feet by 5,833 feet, with the long axis lying parallel with

the shoreline. Water depths vary from 330 feet on the southeast end of the

site to 425 feet to the northwest end, with a bottom sloping downward to the

southwest varying from 1 V to 70 H and I V to 35 H, averaging about 1:40. The
site is located at the base of a 1:7 slope which extends 2,000 feet from
shore, and lies just north of the existing Port Gardner DNR disposal site. The
southeast corner of site 2 encompasses almost half of the existing DNR site.
Current speeds measured in the southeast corner of the site (i.e., in DNR

site) during site selection studies, indicated that bottom currents at this
location are very low.

Approximately one-half of this site may be potentially covered by the site

which the U.S. Navy will use for disposal of material from the proposed
Homeport facility in the East Waterway. Existing information for the Port 0

Gardner area did not reveal any significant issues during identification of
the ZSF boundaries; site 2 was initially thought to be the potentially

preferred site. However, further studies indicated proximity of important
resources (crabs) which could be potentially impacted from continued long-term

use of the site. The site has been carried through in the EIS as a final,

nonpreferred site in order to display and compare the PSDDA study information.

(4) Port Gardner Site 3 (Saratoga Passage). The center of the backup

site in the Saratoga Passage ZSF is located at latitude 48d 5.43m and longi-
tude 122d 27.35m (figure 2.10). It lies equal distance from each shoreline
(approximately 1 nautical mile) and approximately 8000 feet south of East

Point. The 318-acre circular site is 4,200 feet in diameter and lies in
dpproximately 350 feet of water. The site is relatively flat with only an

18-foot variation in depth throughout the site. Current measurements, made in
this area by NOAA in 1977, indicate that tidal currents rarely exceed
20 cm/sec.

2.04 Biological Effects Condition for Management of the Unconfined, Open-Water
Disposal Sites. One important aspect of the management plan is the environ-

mental conditions that will be maintained (or avoided) at the unconfined,
open-water disposal sites. These conditions involve the potential for
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biological effects due to chemicals that may be present in the dredged mate-

rial. To address this issue, alternative biological effects levels were

defined for disposal site management and an alternative selected for the Phase

I area.

Five steps were taken in determining the appropriate site management condition

for the Phase I area unconfined, open-water disposal sites. These steps are

as follows:

Step 1. Selection of the general management approach to dredged
material evaluation.

Step 2. Definition of various degrees of adverse biological effects

that might occur at the sites (referred to as "biological effects
conditions for site management" or "site conditions").

Step 3. Development of dredged material evaluation procedures as a

means to avoid exceeding the site condition by:

(a) specifying chemical and biological testing requirements and

(b) defining disposal guidelines (test interpretation), includ-

ing biological response guidelines (for biological tests) and

sediment quality values (for chemical tests).

Step 4. Assessment of the environmental and economic consequences of
the alternative site conditions.

Step 5. Identification of the appropriate biological effects
condition for site management in the Phase I area of PSDDA.

These steps are also discussed in chapter 5 of the MPR and in EPTA. The usc

of the site condition in testing and evaluation of dredged material is

discussed in 2.04.d.

a. Identification of Alternative Biological Effects Conditions for Site

Management. The definition of acceptable adverse biological effects for the
unconfined, open-water disposal sites per the Section 404(b)(1) Guidelines is

not a simple, -black or white" determination. What constitutes "unacceptable
adverse effects" at the site, per the CWA requires substantial professional

judgment. State water quality standards also require this judgment by tatlng
that toxic or deleterious material concentrations shall be below those which

may cause acute or chronic conditions to the aquatic biota (WAC 173-201).

Complicating the development of a standard site condition for Puget Sound is

the uncertainty in scientific understanding of cause and effect relationships
between sediment contamination and biological response. This uncertainty

leaves a large "gray area" in terms of the degree of biological effects that

can exist at unconfined, open-water disposal sites and still nut result in
unacceptable adverse effects. Within this "gray area," what constitutes
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unacceptable also depends upon individual persrective and a combination of
social and economic factors which alter the relative value of aquatic
resources.

A number of different definitions of the pr-ferred bi)logical effects condi-
tion for site management were considered (see table 2.3). At each end of the
range of possible biological effects due to chemicals, extreme site management
conditions were defined. At the low end of the range, one possible site
management condition would be to allow only dredged material that does not
contain measurable levels of any chemical of concern (referred to as Site
Condition 0). Virtually all sediments expected to be dredged in Puget Sound
will have some measurable levels of chemicals of concern (especially naturally
occuring levels of heavy metals). As a result, use of this condition would
result In no disposal of dredged material at the unconfined, open-water dis-
posal sites. Although this option would comply with the CWA and State Water
Quality Standards, (no unacceptable adverse biological effects at the uncon-
fined, open-water disposal sites, by having virtually no discharge at the
sites), it may not comply with the Federal guidelines when the consequences of
disposal at wetlands and intertidal nearshore confined disposal sites are con-
sidered. This option places all environmental risk at nearshore and upland
disposal sites and is considered environmentally, economically, and politi-
cally unacceptable (see Section 4).

At the high end of the biological effects range, Site Condition V would allow
all highly contaminated dredged material, up to and including dangerous waste
classified sediments by State of Washington Standards, to be present at the
unconfined, open-water disposal sites.

The "Site Condition IV" definition, described as "major adverse effects due to
sediment contamination" and encompassing material up to, but not including,
material defined as "dangerous waste" per State hazardous waste laws, is
similar to Site Condition V in that almost all Puget Sound dredged material
would be allowed for disposal at the unconfined, open-water sites (i.e., very
little material contains this level of contamination).

Neither Site Conditions IV nor V were considered as acceptable biological
effects conditions at the disposal sites. These conditions do not "preserve,
maintain, or enhance" the integrity of the aquatic ecosystem (per the CWA).
Accordingly, neither condition was carried forward for detailed planning
within PSDDA. Although these site conditions would provide the least expen-
sive options for the dredger, all the environmental risk associated with
dredging and disposal would be allocated to the aquatic environment. These
conditions would not be permissible under current Federal or State law.

The remaining "gray area" was divided into three different "alternative
biological effects conditions for site management," each describing a dif-
ferent degree of adverse enviromental effects on biological resources at the
sites. The various conditions differ by having increasing degrees of effects
on resources at the disposal site, from "no aoverse effects due to sediment
chemicals" to "moderate adverse effects due to sediment chemicals" (Site
Conditions I-III, table 2.3).
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TABLE 2.3

ALTERNATIVE DEFINITIONS OF BIOLOGICAL
EFFECTS CONDITIONS FOR MANAGEMENT OF THE

UNCONFINED, OPEN-WATER DISPOSAL SITES IN PHASE I AREA

Site Condition 0: No Chemically-Related Effects on Biological Resources Due
to the Absence of Measurable Chemicals of Concern.

Onsite sediments do not contain chemicals at concentrations above
analytical detection limits.

Site Condition I: No Adverse Effects on Biological Resources Due to Sediment
Chemicals

No species will be affected due to sediment chemicals within the site

in the short (acute) or long (chronic) term.

Site Condition II: Minor Adverse Effects on Biological Resources Due to
Sediment Chemicals

Some species may be affected within the site from long-term exposure
to sediment chemicals (only sublethal effects are anticipated).

Site Condition III: Moderate Adverse Effects on Biological Resources Due to
Sediment Chemicals

Many species may be affected within the site from both short-term and
long-term exposure to sediment chemicals (both lethal and sublethal
effects are possible).

Site Condition IV: Major Adverse Effects on Biological Resources Due to
Sediment Chemicals

Most species within the site may be affected by even short-term
exposure to sediment chemicals (with substantial lethal effects
likely). (This level includes onsite sediment chemical concentrations
up to, but not including, "Dangerous Waste" material per State
hazardous waste laws.)

Site Condition V: Severe Adverse Effects on Biologial Resources Due to
Highly Contaminated Sediments

All dredged material, including "Dangerous Waste" material, could be
discharged at unconfined, open-water disposal sites. Species onsite
are likely to experience severe lethal effects due to short-term
exposure to material at this level.
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Site Condition I (no adverse chemical effects on biological resources), Site
Condition II (minor adverse chemical effects), and Site Condition III
(moderate adverse chemical effects) all define site conditions which,
depending upon interpretation, could comply with the Section 404(b)(1)
Guidelines. As a matter of comparison, each of these options were carried
forward for detailed investigation.

State water quality standards provide that for all classes of State waters,
toxic or deleterious material concentrations shall be below those which cause
acute or chronic conditions to the aquatic biota. However, dilution zones can
be established pursuant to the regulation, but the zones shall be restricted
in area so far as practicable with application of reasonably available tech-
nology, and acute conditions within the zone are not to be allowed. Site
Condition I meets State standards without a dilution zone. Site Condition II
meets State standards with application of a dilution zone pursuant to the
regulations. Site Condition III cannot meet State Water Quality Standards,
but has been carried forward as an additional alternative for comparison of
environmental and economic impacts.

b. Single Versus Multiple Site Management Conditions. Siting investiga-
tions for the Phase I area support using the same site condition for each
site. The proposed sites are very similar in physical characteristics (low
energy areas, deep water, and generally depositional in nature) and biological
resources (soft-bottom communities, with crab and/or shrimp present in the
bay, as well as bottomfish and salmon), and do not appear to warrant different
management strategies.

A reason for considering multiple site conditions is that the range and
distribution of dredged material chemicals and chemical concentrations varies
from area to area. Selection of a single site condition with relatively low
effects potential, could conceivably result in an entire geographical area not
being permitted to use the unconfined, open-water disposal option. This could
result in significant adverse economic effects to that area. Or, if the
effects condition is set relatively high, another area may suffer significant
damage to their aquatic environment, resulting in high costs for remedial
action incurred by the public or site users. In other words, the definition
of an acceptable site condition is recognizably affected by the economic
consequences to, and social perspective of, the affected publics. A single
management approach for the Sound's sites could compromise the diversity of

0 situations and local perspectives that exists throughout the area. However,
when sites have different management conditions, sites with more lenient
requirements will likely receive material that cannot go to other sites, from
other areas of the Sound. This results in the perception that "one community
is receiving the wastes of another," a socially and politically difficult
situation to manage.

A single biological effects condition for management of the central Puget
Sound sites recognizes the similarity among the sites of environmental condi-
tions and that all are a part of a common water body and ecosystem. It also
recognizes that the definition of acceptability somewhat transcends local
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economic and/or environmental considerations. Given limited scientific
knowledge of long-term effects of chemicals, and the continued proximity of
marine organisms to the sites, "fine-tuned" management of different biological
effects conditions at the individual sites would be difficult. Therefore, the
"one site condition" approach is considered to be the most appropriate for the
Phase I area of the Sound.

c. Identification of the Selected Site Management Condition. Identifi-
cation of the selected site condition for the Phase I area disposal sites is
based on an assessment of the key consequences of the different conditions:

o The volume of dredged material that could be found acceptable for
unconfined, open-water disposal (not requiring other disposal methods)
increases with higher (I to III) site management conditions.

o Potential adverse effects to the biological and human resources at
the Phase I disposal sites increase with higher site conditions.

o Potential adverse effects to the biological and human resources at
land and shore sites (used for disposal of material unacceptable for
unconfined, open-water disposal) decrease with higher site conditions.

o Since unconfined, open-water disposal is the least expensive of the
disposal methods, the cost of dredging and disposal decreases with
higher site conditions.

Three primary disposal methods are available for dredged material that is
unacceptable for unconfined, open-water disposal, including confined aquatic
disposal (CAD, capping of unacceptable dredged material deposited in water
with acceptable material), disposal in nearshore areas, and disposal in upland
areas. however, the primary environmental consideration of the site condi-
tions selection is related to the tradeoffs between disposal in water versus
disposal at nearshore and land sites. Selection of a site condition allowing
the least amount of material to be placed at unconfined, open-water disposal
sites would place most of the environmental and nealth risk associated with
the chemical contamination at nearshore and upland sites. Conversely,
selection of a condition that allows most of the dredged material to be
discharged in water would place most of the environmental risk at the
unconfined, open-water sites.

While any of the Site Conditions (I to 111) can potentially be established and
managed at the identified unconfined, open-water disposal sites, the quanti-
ties of material requiring other disposal methods varies significantly among
these levels. Therefore, risks to water quality, fisheries, and benthic
resources, which increase as the site condition increases, must be weighed
relative to effects to land resources such as ground water, air quality, and
land availability, which would decrease as the site condition Increases.

Historically, the most prevalent and least expensive disposal option has been
nearshore disposal. And though each of the disposal methods has its own
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environmental risks and effects, nearshore disposal is of greatest concern to
Puget Sound aquatic resources, primarily due to significant past loss of
important habitat values for fish and other species via direct burial by
filling for creation of uplands (PSWQA, 1986). Additionally, the active
intertidal zone can present concerns in ensuring that any sediment chemicals
do not leach back into surface waters (lee, et al., 1986). And it is the
nearshore environment that has received the most significant degree of past

disturbance and effects. The limited availability of upland disposal sites
places further pressure on nearshore areas for disposal of unsuitable material.

In addition to environmental considerations, the cost implications of the
selected biological effects site condition are also substantial. In going

from Site Condition III (the least costly) to Site Condition I (the most

costly), dredging and disposal costs could increase by about 80 percent for
the Phase I area.

Detailed assessment of the environmental consequences of the different site

conditions at each of the selected sites is provided in section 4 of the
FEIS. As a single site condition is proposed for the Phase I area, a summary
regional analysis of the consequences of site management is also provided in

section 5 of the FEIS.

Site Condition II was chosen as the appropriate biological effects condition

for management of the unconfined, open-water disposal sites in the Phase I

area based on a review of the environmental and economic consequences of the

different site conditions, including assessment of land and shore environ-

mental effects and cost implications to navigation dredging.

The selected site condition would allow sublethal effects within the site that

might develop only after long-term exposure. The dredged material that might
produce this condition at the disposal site would be expected to cause more

significant toxic response to the sensitive test species in the laboratory.

The laboratory tends to overstate field efforts.

d. Relation of Selected Site Condition to Dredged Material Evaluation
Procedures. Dredged material evaluation procedures (sampling requirements,

chemical and biological tests, and disposal guidelines), promulgated pursuant
to the CWA authorities of the Corps, EPA, and Ecology are used as the primary
means of ensuring that the preferred biological effects site managemint

condition is not violated. The evaluation procedures can assist regulatory
agencies in assessing whether disposal of a dredged material from a given
project would result in unacceptable adverse impacts to the water column or

benthic environment and, as such, would or would not be compatible with the

preferred disposal site condition. It is important to note that the alterna-
tive site conditions cannot be translated to "types of dredged material"
(i.e., there is no "site condition Il material"). Rather, the alternative
conditions represent different dividing lines between site effects that are
"1acceptable" and those that are not. A mix of dredged material will be
discharged on site, but the site will be managed consistent with the defined
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site management condition. Because only acceptable sediments will be dis-

charged at the disposal sites, the aggregate condition of each site is
expected to be substantially better than allowed under the selected management

condition (site condition II).

The dredged material evaluation procedures must be continually reviewed and

periodically updated to incorporate the best available scientific knowledge
and information concerning potential adverse effects of sediment chemicals on
biological resources. This must be done to ensure that the most appropriate
tests and test interpretation guidelines are used in dredged material evalu-

ation. Disposal site environmental monitoring is expected to be a key factor
in these reviews and consideraion of proposed changes to the evaluation

procedures. While the evaluation procedures will necessarily change, the
selected site condition is expected to remain the site management objective in

the Phase I area.

Detailed description of the PSDDA dredged material evaluations is contained in
EPTA.

2.05 Final Alternatives.

a. Combinations of Disposal Sites and Alternative Biological Effects Site
Conditions. In assessing the environmental consequences of the PSDDA program,
it is necessary to consider the combined effects of different biological

effects conditions at specific disposal sites. The possible combinations of
the different sites and site conditions are numerous: nine in Port Gardner
and six each in Commencement and Elliott Bays (21 combinations in total). In
providing a detailed assessment of environmental consequences for a reasonable
number of possible alternatives, those combinations containing both a non-
preferred site and a nonpreferred site condition were not considered further

by PSDDA. The final alternatives (table 2.4), including the no action
alternative, describe the range of potential environmental effects represented
by all possible combinations. The table briefly describes the consequences of
each of the final alternatives for purposes of overview comparisons relative
to major Issues. Detailed discussion of these issues is contained in
section 4 of the FEIS.

Given the similarity of the disposal sites, environmental impact is generally

more dependent on the site management condition rather than the disposal site
location. All potential sites have relatively low habitat values; disposal at
either of the two or three sites present near each major dredging area will
cause little significant difference in overall environmiental impact. On the
other hand, different site conditions defining material that is suitable at
the unconfined, open-water disposal sites will have significantly different

environmental consequences. The environmental consequences of the selection
of a site condition for the Phase i area are addressed in sections 4 and 5 of
the FEIS.

b. LnvironmentalMonitoring and Permit Compliance inspection6. Environ-

mental monitorig an permin dp&nce insp ecti, arso part -disposal
site management, are described in the MPR and the Management Plans lechnical
Appendix (MPiA).
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TAB LE 2.4

COMPARISON OF FINAL ALTERNATIVES

1. HABITAT LOSS

Alternative a. Aquatic/Subtidal b. Land/Shore
(acres) (acres)

Commencement Bay:
Site 1, Site Condition I 310 96

Site 1, Site Condition II * 310 29

Site 2, Site Condition II 310 29
Site 1, Site Condition III 310 5

No Action (PSIC) N/D 1/ 230

Elliott Bay:
Site 1, Site Condition I 415 274

Site 1, Site Condition II * 415 266

Site 2, Site Condition II 480 266

Site 1, Site Condition III 415 162

No Action (PSIC) N/D 1/ 569

Port Gardner:

Site 1, Site Condition I 318 101

Site 1, Site Condition II * 318 10

Site 2, Site Condition II 375 10

Site 3, Site Condition II 31.8 10

Site 1, Site Condition III 318 0
No Action (PSIC) N/D l/ 264

Total for all Sites:
Site Condition I 1,043 471

Site Condition II 1,043 305
Site Condition 111 1,043 167
No Action N/D 1/ 1,063

*Selected alternative

I/N/D: not determined. Some loss of aquatic, subtidal habitat is expected

for disposal of material that meets the Puget Sound Interim Criteria, via
beneficial use projects or projects that are able to obtain necessary permits
for unconfined, open-water disposal on a case-by-case basis.
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TABLE 2.4 (con.)

2. FAUNA
Alternative a. Aquatic/Subtidal b. Land/Shore

No Action Minor loss of benthic Major loss of land
invertebrates or invertebrates and
displacement of fish displacement of land/
or shellfish, and no shore species. Major
chemical effects. chemical risks at

sites.

Commencement Bay:
Site 1, Site Condition I Minor loss of benthic Major loss of

invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish. land/shore species.
No chemical effects Major chemical
on site. risks at sites.

Site 1, Site Condition II Minor loss of benthic Moderate loss of
Invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish. land/shore species.
Minor, sublethal Moderate chemical
chemical effects risks at sites.
within site.

Site 2, Site Condition II Minor loss of benthic Moderate loss of
invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish, land/shore species.
Minor, sublethal Moderate chemical
chemical effects risks at sites.
within site.

Site 1, Site Condition III Minor loss of benthic Minor loss of
invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish. land/shore species.
Moderate, acute Minor chemical
chemical effects risks at sites.
within site.
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TABLE 2.4 (con.)

2. FAUNA

Alternative a. Aquatic/Subtidal b. Land/Shore

Elliott Bay
Site 1, Site Condition I Minor loss of benthic Major loss of

invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish. land/shore species.
No chemical effects Major chemical
on site. risks at sites.

Site 1, Site Condition II Minor loss of benthic Moderate loss of
invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish. land/shore species.
Minor, sublethal Moderate chemical
chemical effects risks at sites.
within site.
Displacement/loss of
shrimp from site.

Site 2, Site Condition II Minor loss of benthic Moderate loss of
invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish. land/shore species.
Minor, sublethal Moderate chemical

chemical effects risks at sites.
within site.

Site 1, Site Condition III Minor loss of benthic Minor loss of
invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish. land/shore species.
Moderate, acute Minor chemical
chemical effects risks at sites.
within site.

Port Gardner:
Site 1, Site Condition I Minor loss of benthic Major loss of

invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish. land/shore species.
No chemical effects Major chemical
on site. risks at sites.
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TABLE 2.4 (con.)

2. FAUNA
Alternative a. Aquatic/Subtidal b. Land/Shore

Site 1, Site Condition II Minor loss of benthic Moderate loss of
invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish, land/shore species.
Minor, sublethal Moderate chemical
chemical effects riskr at sites.
within site.

Site 2, Site Condition II Minor loss of benthic Moderate loss of
invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish, land/shore species.
Minor, sublethal Moderate chemical
chemical effects risks at sites.
within site.
Burial/displace-
ment of crabs from
site.

Site 3, Site Condition II Minor loss of benthic Moderate loss of
invertebrates and land invertebrates
displacement of fish and displacement of
and shellfish, land/shore species.
Minor, sublethal Moderate chemical
chemical effects risks at sites.
within sites.

Site 1, Site Condition III Minor loss of benthic No loss of
invertebrates and land invertebratcs
displacement of fish and displacement of
and shellfish. land/shore species.
Moderate, acute No chemical
chemical effects risks at sites.
within site.
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TABLE 2.4 (con.)

3. WATER AND SEDIMENT QUALITY

Alternative a. Aquatic/Subtidal b. Land/Shore

No Action No adverse effects Major chemical risks
to water quality or to ground water and
sediment quality, shoreline water.

Commencement Bay:
Site 1, Site Condition I Short-term water Major chemical

quality effects. risks to ground water
No change to and shoreline water.
existing sediment
quality.

Site 1, Site Condition II Short-term water Moderate chemical
quality effects. risks to ground water
Minor adverse effects and shoreline water.

to sediment quality
within site.

Site 2, Site Condition II Short-term water Moderate chemical
quality effects. risks to ground water
Minor adverse effects and shoreline water.
to sediment quality
within site.
More dispersive site.

Site 1, Site Condition III Short-term water Minor chemical
quality effects. risks to ground water
Moderate, adverse and shoreline water.
effects to sediment
quality on site.

Elliott Bay:
Site 1, Site Condition I Short-term water Major chemical

quality effects. risks to ground water
Improvement of and shoreline water.

existing sediment
quality.

Site 1, Site Condition II Short-term water Moderate chemical
quality effects. risks to ground water
No change in existing and shoreline water.
sediment quality.
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TABLE 2.4 (con.)

3. WATER AND SEDIMENT QUALITY
Alternative a. Aquatic/Subtidal b. Land/Shore

Site 2, Site Condition II Short-term water Moderate chemical
quality effects. risks to ground water
No change in existing and shoreline water.
sediment quality.
More dispersive site.

Site 1, Site Condition III Short-term water Minor chemical
quality effects. risks to ground water
Moderate, adverse and shoreline water.

effects to sediment
quality on site.

Port Gardner:
Site 1, Site Condition I Short-term water Major chemical

quality effects. risks to ground water
No change to and shoreline water.
existing sediment
quality.

Site 1, Site Condition II Short-term water Moderate chemical
quality effects. risks to ground water
Minor adverse effects and shoreline water.
to sediment quality
within site.

Site 2, Site Condition II Short-term water Moderate chemical
quality effects. risks to ground water
Minor adverse effects and shoreline water.
to sediment quality
within site. More
dispersive site. Closer
to resources. Overlaps
proposed Navy site.

Site 3, Site Condition II Short-term water Moderate chemical
quality effects. risks to ground water
Minor adverse effects and shoreline water.
to sediment quality
within site. More
distant site.
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TABLE 2.4 (con.)

3. WATER AND SEDIMENT QUALITY

Alternative a. Aquatic/Subtidal b. land/Shore

Site 1, Site Condition III Short-term water No chemical
quality effects. risks to ground water
Moderate, adverse and shoreline water.
effects to sediment
quality on site.

M

2-44



TABLE 2.4 (con.)

4. NAVIGATION DREDGING1]
Volumes Estimated for Volumes Estimated for

Alternative UCOW (2/) Disposal (c.y.) Confined Disposal (c.y.

Commencement Bay:
Site 1, Site Condition 1 1,348,000 2,581,000
Site 1, Site Condition II 3,160,000 769,000
Site 2, Site Condition 1I 3,160,000 769,000
Site 1, Site Condition III 3,776,000 153,000
No Action (PSIC) 225,000 3,704,000

Elliott Bay:
Site 1, Site Condition 1 3,113,000 7,412,000
Site 1, Site Condition II 3,374,000 7,151,000

Site 2, Site Condition II 3,374,000 7,151,000
Site 1, Site Condition III 6,162,000 4,363,000
No Action (PSI) 1,350,000 'j,175,000

Port Gardner: 3/
Site 1, Site Condition I 2,212,000 2,731,000
Site 1, Site Condition II 4,684,000 259,000
Site 2, Site Condition 1I 4,684,000 259,000
Site 3, Site Condition II 4,684,000 259,000
Site 1, Site Condition III 4,943,000 0
No Action (PSIC) 675,000 4,268,000

Total for all Sites:
Site Condition I 6,673,000 12,724,000
Site Condition 11 11,218,000 8,179,000
Site Condition III 14,881,000 4,516,000
No Action (PSIC) 2,250,000 17,147,000

I/Estimated volume of future dredged material that could be discharged at
the selected sites (once permitted) such that the site management condition
would not be exceeded.

2/Unconfined, open water.
!/Navy Homeport project is not included in these volumes, as dredged

material from this project will not be discharged at the PSDDA site.
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TABLE 2.4 (con.)

5. COST OF DREDGING AND DISPOSAL 1/ 3/

Commencement Bay:
Site 1, Site Condition I 448,344,000
Site 1, Site Condition 11 23,398,000
Site 2, Site Condition II 23,398,000

Site 1, Site Condition II 15,465,000
No Action (PSIC) 64,098,000

Elliott Bay:
Site 1, Site Condition I 165,405,000
Site 1, Site Condition II 161,556,000
Site 2, Site Condition II 161,556,000
Site 1, Site Condition III 118,578,000
No Action (PSIC) 190,795,000

Port Gardner:
Site 1, Site Condition I 53,930,000
Site 1, Site Condition II 19,104,000
Site 2, Site Condition II 19,104,000
Site 3, Site Condition II 19,104,000
Site 1, Site Condition III 16,029,000
No Action (PSIC) 76,194,000

Total for all Sites: 2/
Site Condition 1 267,679,000
Site Condition II 204,058,000
Site Condition III 150,072,000
No Action 330,762,000

I/Assumptions and derivation of cost estimates are provided in EPTA.
2/Costs do not vary between the preferred and alternative sites for each of

the three embayments.
3 /See table 4.7 in Section 4 for cost data presented on an average cost per

cubic yard basis for each disposal site under the three site management
conditions evaluated.
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c. Advance Federal Identification of Sites. Pursuant to 40 CFR 230.80,
the Corps and EPA have identified the sites specified through the PSDDA
process as being generally suitable for future disposal of dredged material.

This determination is based on technical information developed through the

PSDDA studies and presented in the Phase I FEIS. The final determination of

230.80 site suitability is attached to the FEIS (exhibit B).

d. Native American Fishing.

(1) Introduction. The rights of Native American tribes to fish at
all "usual and accustomed grounds and stations" in Puget Sound and the Strait
of Juan de Fuca were established by treaties negotiated in the 1850's. Isaac

Stevens (then Governor and Indian Agent of the Washington Territory) nego-

tiated five treaties with Indian tribes of Western Washington:

Treaty of Medicine Creek
Treaty of Point Elliott
Treaty with the Quinault
Treaty of Point No Point
Treaty of Neah Bay

The first three treaties in the above list include the provision: "The right

of taking fish at usual and accustomed grounds and stations is further secured
to said Indians in common with all citizens of the Territory." The Point No
Point and Neah Bay treaties have identical language, except that they provide

for fishing in common with "citizens of the United States."

m. Federal agencies have a trustee responsibility to exercise when making
decisions which may affect treaty fishing rights.

There are 14 Puget Sound Treaty Tribes that are recognized as sovereign tribal
entities governments with fishing rights at all "usual and accustomed grounds
and stations" in Puget Sound and the Strait of Juan de Fuca [as defined in
United States v. Washington (384 F. Supp. 312, (DC14A 1974)) and United States
v. Washington, 459#F. Supp. 1020 (DCWA 1978)] (see table 2.5). Under these
decisions, the treaty tribes are assured the opportunity to catch up to 50

percent of the harvestable portions of salmon and steelhead runs passing
through or originating from usual and accustomed fishing grounds. In
addition, fish are harvested for ceremonial and subsistence purposes within
these areas.

Presently, by agreement, regulation of fishery resources, which are subject to
treaty rights, including resource conservation actions, is accomplished
through joint management by the State and treaty tribes. Puget Sound is

subject to treaty fishing, including each of the potential open-water dredged
material disposal sites identified and discussed in this DEIS. The PSDDA

agencies recognize treaty fishing rights and formulated the PSDDA proposed
management plan to avoid significant adverse effects on the ability of the
Indian tribes to take fish or on the fishery resource.
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TABLE 2.5

TRIBES POSSESSING FISHING RIGHTS
IN THE PSDDA PHASE I AREA (CENTRAL PUGET SOUND)

The following tribes possess adjudicated fishing rights in or around the
alternative disposal sites studied by PSDDA in central Puget Sound:

Tulalip Tribes
Muckleshoot Tribe
Puyallup Tribe
Suquamish Tribe
Yakima Tribe

Lumnmi Tribe
Swinomdsh Tribe

The following tribes are not formally recognized by the Federal Government at
this time for the purpose of receiving services from the U.S. Bureau of Indian
Affairs, but may additionally possess fishing rights to be recognized in the
future:

Duwamish Tribe (Duwamish River and Lake Washington)
Samish Tribe (area unknown)
Skykomish Tribe (area unknown)
Snohomish Tribe (area unknown)
Snoqualmie Tribe (area unknown)
Stillictun Tribe (area unknown)
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To ensure tribal input, coordination was maintained throughout PSDDA with
Indian tribes. Participation in work group meetings, direct contacts with
individual tribes and special meetings with tribal representatives as well as
exchange of correspondence were used to identify tribal concerns that were
addressed by the study team and in the study documents.

The PSDDA agencies have taken a variety of steps to minimize the potential for
open-water disposal of dredged material to affect treaty fishing. Also
further steps have been specified which would be taken on a project by project
basis. These steps are summarized below, and are discussed in more detail in
other sections of the DEIS as noted.

(2) Consideration of Treaty Fishing Rights. Several steps were taken
during the PSDDA site identification process to avoid the potential for
significant adverse impacts on the treaty fishing rights.

As part of the site selection process, an attempt was made to identify the
high intensity fishing areas and areas of significant habitat. ZSF's were
defined, to the extent possible, by avoiding these areas and areas where human
use activities presented potential conflicts (see section 2). Also, the ZSF's
were sought in low energy (nondispersive) environments to facilitate disposal
site monitoring and to avoid offsite impacts. The ZSF siting studies identi-
fied where the least direct impact to resources - via direct exposure and
offsite sediment transport - would exist. Within ZSF's possible disposal site
locations were chosen which best avoid fishing and high quality habitat areas
(e.g., via food web studies).

Having identified the areas which best avoid direct impacts to marine
resources, the quality of dredged material allowable at these sites further
determines the level of impacts which may occur. Any of the alternative site
management conditions (I-III) can be managed at the identified unconfined,
open-water disposal sites without unacceptable adverse effects. However, the
quantities of material requiring confined disposal varies greatly among these
levels. To the extent that confined disposal may result in further losses of
nearshore ares, further impacts to fishing could occur.

If Site Condition I had been chosen as the management alternative for the
open-water disposal sites, greater quantities of dredged material would
require confined disposal than with Site Condition II. This would result in
significantly more proposals to fill nearshore areas than with Site Condition
II. Similarly, Site Condition II results in greater volumes of material
requiring confined disposal than Site Condition III.

Because specific sites for confined disposal were not identified, it is
impossible to accurately evaluate the extent of nearshore impacts that would
occur for a given site condition. However, it is judged that, overall,
confined disposal results in greater environmental impacts than disposal at
the PSDDA sites. This judgement is based on the success of the disposal site
identification process in specifying potential sites that are well buffered
from resources of concern and that are themselves of relatively low habitat
value.
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Primarily because of the site selection process followed by PSDDA, there is
little potential for unacceptable adverse effects to occur to Puget Sound to
tribal fishing rights. However, indirect effects due to potential vessel
traffic conflicts could not be entirely eliminated by the siting process.
Because disposal site areas will continue to be subject to tribal fishing,
further project specific actions are necessay.

The following has been identified as apropriate project specific action to
resolve any conflict that dredging vessel traffic may have on tribal fishing
operations.

Permitting authorities will allow disposal to occur wTher there is no
treaty fishing activity occurring at the disposal site. This will be
accomplished via the DNIR disposal site use permit and the Section 404
permit process. During processing of individual Section 404 applications,
any potential conflict between treaty lishing and vessel traffic will be
addressed prior to disposal. Conditioning of permits such that disposal
will be consistent with tribal fishing operations may be appropriate as
may be denial of permit applications where necessary.

In following this permitting process, disp~oal-related vessel traffic and
fishing gear conflicts with tribal fishing operations should not occur.
Violations of permit conditions, including permit conditions based on
protecting treaty rights, are enforceable under Federal law.
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SECTION 3. AFFECTED ENVIRONMENT

3.01 Regional Setting. The Phase I study area includes central Puget Sound,
extending north from the Narrows Bridge at Tacoma to the top of the Kitsap
Peninsula (Foulweather Bluff) near the entrance to Hood Canal and across
Admiralty Inlet to Whidbey Island (Double Bluff). It extends up the east side
of Whidbey Island, including Port Gardner, and Saratoga Passage to a point
near the community of Camano (figure 3.1).

a. Physical Environment.

(1) Geology. The three major dredging areas of Phase I are located
within the Puget Sound Lowland Physiographic province. The lowland is a
north-south trending trough which is characterized by a thick sequence of
glacial sediment with a fairly active seismic history. Most of the lowlands
lie within 500 feet of present sea level and consist of elongated hills of
gentle to moderate relief. Lakes are common and many rivers aid streams drain
the area.

The glacial sediments, which mantle most of the Puget Sound lowlands, are the
result of several ice advances which have occurred within the last 50,000
years. During the roughly 11,000 to 15,000 years since the last glaciation,
erosion and mass wasting processes have been modifying the land's surface.
Erosion along shorelines and rivers has resulted in steep bluffs and land-
slides. Much of this eroded material has been deposited within lakes, and
river valleys, and at deltas where the rivers empty into Puget Sound. Manmade

U- changes in the form of cuts and fills have occurred within the last 120 to 140
years. Based on geophysical soundings and deep test borings, it appears that
the bedrock underlying the glacial sediments in the Puget Trough consists of
several large tectonically active blocks which have or are currently moving
relative to one another. This movement is to be believed responsible for the
many earthquakes which occur within the area. Recent evidence suggests that
major earthquakes to magnitude 7.8 on the Richter scale are possible within
the Puget Sound basin.

Sediments are largely maintained in the main basin due to a prominent "sill"
located between Admiralty Head and Port Townsend. The central basin is gener-
ally over 600 feet deep, whereas the shallow "sill" is only 125 feet deep,
thereby acting as a natural barrier to the escape of water and particles from
the central basin of Puget Sound to the Strait of Juan de Fuca and the Pacific
Ocean (PSWQA, 1986 (Issue Paper: Contaminated Sediments and Dredging)).

(2) Water Quality. Water quality in the main basin of Puget Sound is
generally classified as "extraordinary" (Class AA) according to 1984 Ecology
standards. Much of the present concern about water quality is focused on the
potential for degrading water quality in currently relatively clean areas of
the Sound and on highly industrialized embayments such as Commencement Bay,
Elliott Bay, and Port Gardner, where the historic practice of discharging
wastes into nearshore waters has produced significant pollution related
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impacts. Contaminant concerns have surfaced in recent years and have been the
focus of ongoing investigations and analysis by the Puget Sound Water Quality
Authority which has led to the adoption of a Puget Sound Water Quality Manage-
ment Plan (PSWQA, 1986). The reader is referred to the 1986 PSWQA "State of
the Sound Report" for a comprehensive overview of water quality conditions in
Puget Sound and the 1987 Puget Sound Water Quality Management Plan for a
detailed discussion of pollution control activities. The following summary is
extracted from this report.

Historically, Puget Sound has been impacted by discharges of conventional
pollutants (i.e., high BOD, pathogens, and nutrients) and toxic chemical
substances, although most of the point source discharges are now controlled
through the NPDES permit program. Although controls on large discharges of
untreated sewage and mill effluents have been successful at reducing high
BOD's and improving water quality, isolated fish kills still occur in local-
ized areas of the Sound due to natural (i.e., algal blooms) and anthropogenic
sources. Nutrients are generally not a problem in the marine waters of the
central Puget Sound basin.

Potentially harmful chemicals entering Puget Sound from a variety of point and
nonpoint sources bind to particles in the water which eventually settle to the
bottom. As a result, sediments in some portions of the Sound are currently
contaminated with potentially harmful and persistent chemicals. Chemicals of
concern have been identified in sediments from all three Phase I urban embay-
ments. Severe chemical contamination of Puget Sound from multiple sources, as
measured in sediments and animal tissues, appears to be patchy in distribution
and generally confined close to the sources (PSWQA, 1986). Of the thousands
of chemicals known or suspected to exist in the environment, only a relatively
small number are routinely measured. They typically have been identified as
(1) potentially affecting human health or marine life; (2) historically docu-
mented in the Sound in substantial concentrations; (3) persistent in toxic
form; and (4) have potential for food-web transfer (PSWQA, 1986). Table 3.1
summarizes the status of selected toxic chemicals of concern in the Puget
Sound basin in water, sediments, and tissue.

Concentrations of trace metals and organic chemicals of concern from 100 to
10,000 times greater than underlying water have been observed in the thin
(0.002 inches: 0.05 mm) layer at the seawater surface called the sea surface
icrolayer (Word et al., 1986; Hardy, 1986). High levels of chemicals have

been related to the presence of dissolved organic matter concentrated in this
layer in a complex matrix of natural and synthetic substances floating on the
surface like oil. Atmospheric inputs as well as oil and grease and metals in
municipal sewage, and industrial effluent are the primary input sources to the
microlayer. Floatable substances in dredged material also have been suggested
as a potential input source to the sea surface microlayer (Word et al., 1986;
Hardy, 1986).

Site specific discussions on water quality conditions are addressed later in
this section for each of the three urban embayments where a disposal site is
being considered.
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TABLE 3.1

SELECTED CONTAMINANT DISTRIBUTIONS
IN THE PUGET SOUND BASIN (After PSWQA, 1986) 1/

Water 2/ Sediment Tissue

PAH's Detected at very low concen- Elevated concentrations Mainly in invertebrates; some

trations (.01 ppb) in waters (fion lOx to 420x reference) in fish livers; rarely in fish

of Puget Sound central basin, in industrialized urban muscle tissue. Elevated levels

Mostly associated with par- areas. Eagle Harbor has in invertebrates from Eagle

ticulates suspended in water, highest elevation Harbor, Mukilteo ferry dock

measured, area.

PCB's Detected at very low concen- Elevated concentrations Found in nearly all organisms

trations (.001 to .01 ppb) in (from 20x to 130x reference) from nearly all areas; highest

waters of Puget Sound central in industrialized urban levels in fatty tissues of

basin. Mostly associated areas with exception of marine mammals with long life-

with particulates suspended in Belllngham Day. spans (e.g., harbor seals from

water. southern Puget Sound).

Copper Detected at very low concen- Elevated concentrations Copper can accumulate in

trations (.1 to I ppb) in (from lOx to 370x refer- tissues of bivalve mollusks,
waters of Puget Sound central ence) in Elliott Bay, crustacea, fish livers, and

basin. Rylebos Waterway, Everett birds in industrialized urban

Harbor, Bellingham Bay, areas. Copper is a natural

Eagle Harbor, and Sinclair component of the blood of crabs

Inlet. Highest elevation and snails and some other

along Ruston-Point Defiance invertebrates. Significant

shoreline, Commencement Bay. accumulation of copper in fish

muscle tissue from several

areas of Comencement Bay.

Lead Detected at very low concen- Elevated concentrations Lead can accumulate in tissues

trations (1 to 10 ppb) in (from lOx to l10x refer- of bivalve mollusks, crustacea,

waters of Puget Sound Central ence) in Elliott baty and fish livers, and birds in

basin. Sinclair Inlet. Highest industrialized urban areas.

elevation along Ruston- Lead does not generally accum-

Point Defiance shoreline. ulate at high levels in fish

tissue.

Zinc Detected at very low concen- Elevated concentrations Zinc can accumulate in tissues

trations (1 to 10 ppb) in (from lOx to 43x reference) of bivalve mollusks, crustacea,

waters of Puget Sound central in Elliott Bay, Dummish fish livers, and birds in

basin. River, Ruston-Point Defiance industrialized urban areas.
(43s reference), Everett Zinc does not generally accumu-

Harbor, Sinclair Inlet. late at high levels in fish

muscle tissue.

Mercury Detected at very low concen- Elevated concentrations Historically high concentra-

trations (less than .001 ppb) (from lOx to 170x reference) tions in mussels in Bellingham
in waters of Puget Sound in Elliott Bay, Ruston- Bay. Mercury can accumulate in

central basin. Point Defiance (170x refer- tissues of bivalve mollusks,

ence), Bellingham Bay, and crustacea, fish livers, and
Sinclair Inlet. birds in industrialized urban

areas. Mercury has not been
found to accumulate at high

levels in fish muscle tissue

from Puget Sound, but does in

fatty tissues of long-lived
marine mammals (probably as
methyl mercury).

Arsenic Detected very low concen- Elevated concentrations Arsenic levels in inverte-
trations (1 to 10 ppb) in (from lOx to 620x reference) brates, fish, and birds from

waters of Puget Sound central in Hylebos Waterway and areas containing contaminated

basin. Ruston-Point Defiance (620x sediments are similar to those

reference) shoreline, in reference areas. A natur-

ally high level of arsenic in
seawater in the Northwest

Pacific and Puget Sound is a

major source of arsenic in

organisms.

I/These contaminants are selected because they have been the most studied. Many other compounds are

known to be present in harmful amounts.
I/From Romberg, et al., 1984.
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(3) Currents and Sediment Transport. Although tidal action is a
principal driving force of the dynamic oceanographic processes occurring in
Puget Sound, the basin does receive a significant volume of freshwater each
year from river discharge, amounting to approximately 20 percent of its total
volume. Strong tidal currents and turbulence mix the freshwater and seawater.
Inflowing riverwater escapes to the ocean and, as a result of mixing, also
carries with it about 9 to 10 times its volume of seawater. To compensate for
the loss of seawater, there is an inflow of more saline water from the Strait
of Juan de Fuca. Because the mixed water is of lower salinity, and therefore
of lower density, a net outflow occurs near the surface and a net inflow at
depth (DSSTA). The topography of Puget Sound produces complex current
patterns. However, in general the swiftest currents flow near the channel
centers, and weaker currents occur near the shore, and at the heads of most
bays.

The rivers that flow into Puget Sound discharge about 17.5 million cubic yards
(c.y.) of sediment annually (Downing, 1983)!/. A large portion of this mate-
rial is fine enough to remain suspended, and is carried out of the Sound. The
rest is deposited at the river deltas and in quiet areas such as bays and
inlets.

Heavier particles settling out of the water column form the bottom sediments.
Lighter sediments comprised of smaller particles may be suspended in the water
column Just above the bottom and form what is called a benthic nephloid layer
(PSWQA, 1986). The nepheloid layer moves around with the bottom currents
thereby transporting and redistributing sediments throughout the deep basin of
Puget Sound.

(4) Marine and Estuarine Sediments. Sediment quality throughout the
central basin of Puget Sound and in the three Phase I study areas has been
well documented (Dames and Moore, 1981; Romberg et al., 1984; Tetra Tech,
1985; Stober and Chew, 1984; Chapman, et al., 1984; PSWQA, 1986; U.S. Navy
Homeport, Everett, WA FEIS, 1985; U.S. Navy Homeport, Everett, WA EISS
(Corps), 1986; atc.). Conclusions emerging from these studies indicate that
much of present elevated chemical concentrations in sediments are associated
with areas of intensive human activity, whereas the deep central basin and
embayments receiving little human use have relatively low levels of chemicals
of concern, although they show significant elevations relative to historic
1840 levels measured in core samples (PSWQA, 1986). Table 3.1 summarizes the
status of selected chemicals of concern found in Puget Sound basin sediments.

Site specific discussions of sediment quality conditions are addressed later
in this section for each of the three urban embayments where a disposal site
is being considered.

1/At density equivalent to dredged material.
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b. Biological Environment.

(1) Benthic Communities. The following descriptions are taken from
the Elliott Bay Small Craft Harbor EIS (Corps, 1987), but generally apply to
benthic habitats found in the three Central Puget Sound Phase I study areas.

The highest intertidal areas are generally riprapped with larger rock or
concrete rubble, and are occupied by plants and animals adapted to extensive
exposure and limited immersion in water. Common animals include littorine
snails and limpets. Barnacles occur only near Mean Higher High Water (MHHW)
line.

The high midtidal region (between MHHW and Mean Sea Level (MSL)) has a much
greater assemblage of plants and animals than areas above MHHW. Substrate
diversity is high, further enhancing the diversity of the biological com-
munity. Barnacles occur on cobbles and boulders throughout this zone.
Limpets and mussels are also found on larger rocks and rubble. A cover of sea
lettuce (Ulva spp.) occurs on rocks and boulders in the upper part of the
zone. The brown rockweed (Fucus vesiculatus), sea lettuce, and red alga
(Endocladia spp.) are common in the lower portions.

The low midtidal region from about MSL to Mean Lower Low Water (MLLW) is an
area of high productivity and diversity. Animals and plants attached to rock
surfaces include large numbers of barnacles and mussels, frequently displaced
by a dense cover of algae. Near MLLW, plant and animal cover on the cobble/
boulder may exceed 70 percent. Beneath the rocks, the purple shore crab
(Hemigrapsus spp.) is abundant. Also found on or beneath rocks are encrusting
sponges and sea squirts (ascidians), and the green sea anemone (Anthopleura
spp.). The clay pavement substrate is colonized by boring clams. Sand and
mixed-fine substrates appear to be relatively barren except for scattered
Macoma, heart cockles (Clinocardium nuttallii), butter clams (Saxidomus
giganteus), and little neck clams.

The lowest intertidal area (MLLW to Mean Low Water (MLW)) contains many of the
same species found in the subtidal habitats as well as some forms typically
seen at higher areas. Plant and animal production and diversity are apparently
greater than at higher elevations. Plants are a conspicuous and dominant fea-
ture. Scattered patches of eelgrass (Zostera spp.) occur up to about -1.0
feet on sand substrate. Much more common and abundant are algae species. The
most abundant brown algae are Laminaria, Costaria, Alaria, and Sargassum. The
bull kelp, Nereocystis, is uncommon except for the lowest levels of the inter-
tidal zone. Green algae are dominated by Ulva and red algae are characterized
by encrusting and large fleshy forms. Common larger benthic animals include
sea anemones, polychaete worms, crabs and sea squirts.

Typical subtidal habitats include silt and sand, sand with coarse gravel and
shell debris, and gravel/cobble/boulder beds. The first habitat type is
characterized by fine to medium sand sediments. Benthic plants and animals
are dominated by forms adapted to soft bottom habitats. Plants are primarily
a microflora of diatoms with occasional drifting or unattached macroalgae.
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Epifauna are generally uncommon. Occasional residents include sea stars, sea
pens, pagurid hermit crabs, nudibranchs, and burrowing anemones. Mud shrimp
(Upogebia) and ghost shrimp (Callianasa) in shallower sublittoral/littoral
areas are the most common large infaunal crustacean species. Dungeness crab
are abundant in many Puget Sound embayments. Pandalid shrimp support com-
mercial fisheries in Port Susan and Port Gardner, and a limited fishery in
Elliott Bay. Geoducks (Panope generosa) are present in commercial numbers in
many areas in central Puget Sound. Smaller infauna include a relatively
diverse and abundant community of tube dwelling polychaetes and amphipods.

Another subtidal habitat is characterized by silty-sand or small cobble/gravel
material. Shell debris is dense in places and consists mainly of rock boring
clam and horse clam shells. Plant forms include occasional macroalgae and
scattered small patches of eelgrass. Epifauna are restricted mainly to larger
rocks and wood debris. Turret shells are common on the rocks and nudibranchs
are occasionally found. The coon-stripe and broken-back shrimps are common
under logs and under rocky rubble. The rock crab is also seen around rocky
areas. Open sandy areas are occupied by occasional sea pens. Cockles are
common infauna.

A third subtidal habitat is comprised of mixed coarse material overlying
sediments comprised of small gravels, sand and silt, or flat clay hard pan.
Marine flora utilizing this habitat are dominated by a rich and diverse
assembladge of macroalgae including bull kelp (Nereocystis), laminaria,
Costaria, Alaria, Petalonia, Fucus, Sargassum, Ulva, Codium, and a number of
filamentous and blade-like red algae. Epifauna includes- a-bundant populations
of broken-back shrimp, rock crab, and kelp crab (Pugettia products). Nudi-
branchs occur between and on top of the algae. Two anemones, Tealia coriacea
and Metridium sp. (large white anemone) are common as are slipper shells and
sea squirts. Echinoderms include several sea stars and a sea cucumber
(Cucumaria). Infauna include a typical community of polychaete worms adapted
to gravel/rocky bottom habitats. Common are plume worms (serpulid) and
spaghetti worms.

(2) Plankton Communities. long-term studies on phytoplankton
diversity and abundances are lacking for Puget Sound (Dexter et al., 1985).
Phytoplankton can become a water quality concern when present in intense
blooms, although exact conditions under which blooms occur are not known.
Blooms may be related to anthropogenic nutrient inputs (Dexter, et al.,
1981). Bloom dynamics are described below for Elliott Bay and is used as a
model for the generalized successional sequence observed in other Puget Sound
embayments such as Commencement Bay, Port Gardner, and Saratoga Passage.

Temporal variations in phytoplankton abundances have been described in Elliott
Bay with multiple blooms commencing in May and extending through September. A
succession of species composition ensues with an initial diatom bloom followed
by a dinoflagellate bloom followed by a fall diatom bloom. The spring and
early summer blooms are typified by species such as Skeletoner'i r-tatur,
Nitzschia app., Chaetoceros constrictus, C. debilis, C. compressus, C.
socialis, Thalassiosira aestivales and T. nordenskioldii. Mid-summer peaks
are usually dominated by S. costatum, whereas late summer dinoflagellate
blooms are dominated by Peridinium spp., Gynmodinium spp., and Ceratium
fusus. Fall diatom blooms result in a shift back to Chaetoceros spp. and
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Thalassiosira app. Also present during the summer are the very small (i.e.,
1-2 micron) nanoflagellates, which may contribute significantly to primary
production. This successional pattern is likely followed to a certain extent
in all the central Puget Sound embayments, although species composition and
dominance hierarchies may vary accordingly.

Paralytic Shellfish Poisoning (PSP), a serious potential health threat in
Puget Sound, is associated with certain "red tide" phytoplankton blooms
(Dexter et al., 1985). PSP is caused by a toxin which is produced generally
by species of Gon aulax, a dinoflagellate. Along the Pacific Northwest coast,
Gonyaulax catenella as been identified as the dinoflagellate responsible for
producing PSP. The toxin bioaccumulates in shellfish and other organisms and
can cause paralysis leading to death in humans eating tainted shellfish
(Saunders, et al., 1982; and Strickland, 1983). PSP is a relatively recent
concern in the main basin of Puget Sound and has been identified by the Puget
Sound Estuary Program (PSEP) as an area warranting further study. Only
limite, data are available to assess temporal trends and occurences in the
main Puget Sound basin and other areas. The threat of PSP affecting humans is
controlled by DSHS through shellfish harvesting regulations and shellfish bed
closures, which are publicized as necessary throughout the Puget Sound area.
In recent years PSP has been spreading throughout the Sound. PSP cysts are
known to occur in sediments, and cyst redistribution is suspected as one
potential pathway for PSP spread.

A large number of zooplankton species are found in Elliott Bay. Numerically
dominant forms include the copepods Corycaeus spp., Pseudocalanus spp., and
Microcalanus app., whereas biomass dominant forms are comprised of larger
copepods (Calanus spp.), euphausids (Euphausa pacifica), and amphipods (e.g.,
P. pacifica).

The Elliott Bay neuston community (i.e., minute organisms floating at the
seasurface and exposed to any contamination in the seasurface microlayer) is
divided into bacterioneuston, zooneuston, and phytoneuston.

Regarding bacterioneuston, seasurface microlayer (upper 150 um.) populations
have been shown to have different species and more individuals than in
subsurface waters.

Zooneuston include bacteria, protozoa, small metazoans (less than I mm), large
metazoans (greater than 1 mm), fish eggs, larvae, and fry. These organisms
form an extremely rich layer of the sea, although they remain largely
unstudied. Juvenile fish are known to actively feed on live neuston within
the surface microlayer. It is likely that zooneuston resources existing in
the upper surface layers of the water column are critical to the life history
stages of many important Puget Sound marine organisms. Many species of
commercial and ecological importance have life history stages that can be
affected by microlayer contamination.

Phytoneuston genera in the surface environment are functionally distinct from
the phytoplankton community in terms of species composition and standing
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crop. Phytoneuston communities have higher abundances, lower diversities, and
higher variations in species composition and abundance, greater absolute
biomass, and more variable productivity. Phytoneuston communities, particu-
larly those observed in nearshore environments, are frequently dominated by
diatoms, dinoflagellates, blue-green algal mats (cyanophyta), and euglenoids
(Word et al., 1986).

(3) Anadromous and Marine Fishes. Northwest Indians first harvested
salmon thousands of years ago, and today salmon remain the most important
component of the tribal and commercial and sport fisheries in Puget Sound.
Estimated average annual (1974-1978) total commercial salmon catch for all
five species migrating through the Strait of Juan de Fuca (including Fraser
River Stocks) is 117,000 tons (PSWQA, 1986). The 1984 salmon harvest
accounted for approximately 67 percent of the value of Puget Sound's commer-
cial fisheries. Sport catches of salmon are estimated at 800 tons in the
Strait of Juan de Fuca and approximately 1,600 tons in the main basin (PSWQA,
1986).

The salmon fishery is subject to stringent management measures which limit
catches for all species and result in frequent closures for entire fisheries,
in order to ensure adequate spawning escapement. Natural runs of spring
chinook are all but extinct (PSWQA, 1986). Coho is the most abundant species
in the main basin and in south Puget Sound, and is maintained almost exclu-
sively by hatchery propagation. Populations of chinook, coho, pink, and chum
salmon, as well as steelhead trout, are also supplemented artificially by
hatcheries and rearing pens throughout the Sound. While hatcheries create
more fish, they also interfere with the natural gene pool, which may ulti-V mately influence the health of the salmon populations.

Spawning and rearing habitats have been adversely affected by logging opera-
tions, dam and lock construction, shoreline development, and urban runoff
(PSWQA, 1986).

(4) Marine Mammals. Several species of Puget Sound's resident marine
mammals likely use Commencement Bay, Elliott Bay, Port Gardner, and Saratoga
Passage for feeding or resting purposes. These include the harbor porpoise
(Phocoena phocoena), Dall's porpoise (Phocenoides dallii), the killer whale
(Orcinus orca), and harbor seals (Phoca vitulina)) Seasonal migrants to
Puget Sound are the northern sea lion (Eumetopias jubata), California sea lion
(Zalophus californianus), and the gray whale (Eschrichtius robustus).
Northern and California sea lions appear in Puget Sound in the autumn after
breeding,'and leave the sound in late spring. Minke whales (Balaenoptera
acutorostrata) are occasional visitors to Puget Sound and feed on herring and
other small schooling fishes. The northern elephant seal (Mirounga
angustirostris) is an occasional visitor to Puget Sound and feeds on benthic
invertebrates and fishes. The diet of harbor porpoises consists of small fish
and invertebrates such as herring and squid. Dall's porpoise feeds primarily
on squid and small schooling fishes. In Puget Sound, killer whales eat fish
almost exclusively, including salmon, rockfish, and cod. They usually do not

3-9



bother other marine mammals in the area. Because killer whales are top carni-
vores in the marine ecosystem, the entire Puget Sound habitat is critical,
particularly where there are large runs of salmon. Harbor seals feed on
salmon, herring, shellfish, octopus, and rockfish and are commonly found in
Puget Sound bays. In Puget Sound, the endangered gray whales, forage in bays
for a variety of benthic invertebrates, mysids, fish larvae, and small
schooling fishes.

(5) Water Birds. In general, birds using the potential disposal site
areas are birds that feed in deepwater. Dabbling ducks such as mallards,
pintails, wigeons, etc., and other shallow-water feeders 3uch as coots, will
typically not be in deepwater. Birds living in Puget Sound typically adapted
for deepwater feeding includes loons; grebes; cormorants; "bay ducks" such as
canvasbacks, scaups, goldeneyes, and buffleheads; oldsquaws; scoters; and
red-breasted mergansers. Other birds utilizing deepwater habitats for feeding
on a less frequent basis include bald eagles, ospreys, jaegers, various gulls,
terns, and alcids such as rhinocerous auklets, common murres, marbled
murrelets, pigeon guillemots, and ancient murrelets. Peregrine falcons
regularly migrate through Puget Sound (and a few overwinter), but they most
often utilize shallow-water or upland habitats for hunting. The majority of
the birds listed above are migrants and/or winter residents. Only cormorants,
Barrow's goldeneyes, bald eagles, ospreys, some gulls, and all the alcids,
except ancient murrelet, nest on or near Puget Sound.

Most of the birds listed above prey on finfish; a few prey on shellfish,
particularly mussels, and consequently may frequent shallower water than the
other species.

(6) Endangered and Threatened Species. Four species of endangered
marine mammals, one endangered bird, and a threatened bird may be seen in
Puget Sound. The marine mammals, all whales, are the gray whale (Eschrichtius
robustus), fin whale (Balaenoptera physalus), blue whale (B. musculus), and
humpback whale (Megaptera novaeangliae). The blue whale has never been
verified in Puget Sound waters, though it is speculated that a whale identi-
f.ed as a fin whale in 1930 in Shelton, may actually have been a young blue
whale (letter from National Marine Mammal Laboratory, 1980). That fin whale
sighting is the only potential record of that species in Puget Sound. Sight-
ings of gray whales in the inside waters of Washington are rare, although
Everitt, et al. (1979), indicated that gray whale sightings near Elliott and
Commencement Bays occur at a higher frequency than other areas. Humpback
whales used to be one of the most frequently observed in Washington's inside
waters, until commercial whaling dramatically reduced their numbers. Sight-
ings of this species in the inside waters over the past few years have been
rare.

The endangered bird species is the peregrine falcon. There are no known
active eyries of this species near any of the proposed Phase I disposal
areas. The species regularly migrates through, and overwinters in, specific
areas near Puget Sound. The primary wintering areas are in northern Puget
Sound, primarily near Skagit, Samish, and Lummi Bays. Nisqually National
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Wildlife Refuge may have one or two wintering falcons. Otherwise, central
Puget Sound sees an occasional peregrine. There are no areas of regular
wintering peregrines in the central Puget Sound area. Bald eagles are listed
as a threatened species in Washington. There are several bald eagle nests in
the central Puget Sound area, and bald eagles are relatively numerous through-
out the year in the area.

Biological Assessments (BA's) prepared for the PSDDA Phase I study area are
attached in exhibit A. More detailed descriptions of the area's threatened
and endangered species, and their habitat, are provided in the BA's.

c. Human nvironment.

(1) Social Economic. Waterborne commerce has contributed signifi-
cantly to the general ecjaomlc well being of the central Puget Sound region by
creating jobs in the maritime trades and supporting industries and business.
The water-related industries in Seattle, Tacoma, and Everett have grown and
changed to meet modern needs. An estimated 100,000 jobs are directly or
indirectly dependant on port activity at Puget Sound terminals with the value
of cargo transferred through these terminals in 1985 exceeding $1 billion.
Periodic dredging and disposal of dredged material is essential to continued
cargo vessel movements in most waterways and harbor areas.

Also important are the 70 marinas and small boat harbors located throughout
the Phase I area. Periodic dredging is required to enable continued use of
the more than 5,700 wet slips serving both recreational and commercial fishing
boat owners.

Extensive saltwater sport and commercial fishing activity takes place in these
areas with an average annual catch of 1,035,000 salmon and 19,000 steelhead
trout harvested by (1) recreational fishermen; (2) non-Indian commercial
fishing fleets; and (3) Indian tribes fishing in their usual and accustomed
fishing grounds. Some of this fishing activity takes place in areas that have
been used as unconfined open-water disposal sites or are proposed for future
disposal sites.

(2) Navigation Development. Vessels plying the Phase I waters vary
from large bulk cargo and container ships, to barges, tug boats, and assorted
other craft. Navigation development has occurred in all three of the major
urban embayments since before 1900. Over 13.6 miles of deep draft zhannels
and 9.9 miles of shallow draft channels have been constructed and require
periodic dredging to maintain adequate vessel clearances. Large navigation
improvement projects such as proposed for the lower Duwamish Waterway and the
Blair and Sitcum Waterways could be constructed within the planning horizon of
PSDDA which extends to the year 2000. Major losses of tidal wetlands, chan-
nelization of some rivers, and decreases in productivity of the sound for some
species have resulted from the navigation developments (e.g., crabs and salmon
rearing, etc.).
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(3) Dredging and Disposal Activity.

(a) Historical Activity (1970-1985). Dredging activity has
occurred throughout Puget Sound for a number of decades. Over the period
1970-1985, an estimated 16.8 million c.y. of sediment was dredged from waters
and nearshore areas in the Puget Sound Phase I study area. Of the total
volume, the Corps of Engineers accounted for about 34 percent of the material
dredged, while the port authorities in the Phase I area accounted for about 28
percent. The remaining 38 percent of the total dredging activity was under-
taken by a diverse group of dredgers including other Federal agencies, the
State, local governments, and private developers.

Historically, dredged material has been disposed in a variety of environments.
About 60 percent of the material dredged between 1970 to 1985 was disposed in
upland and nearshore disposal sites. The remaining material was discharged at
designated and undesignated open-water disposal sites located in and around
Commencement Bay, Elliott Bay, and Port Gardner. Of the DNR designated sites
available for unconfined, open-water disposal of dredged material, approxi-
mately 76 percent of the material was disposed at the Fourmile Rock site in
Elliott Bay.

During the past 15 years, the availability of upland and nearshore disposal
sites has become increasingly scarce, resulting in greater reliance on uncon-
fined, open-water sites for disposal of dredged material. While only 26 per-
cent of the material dredged by the Corps of Engineers went to open-water
sites in the 1970's, about 56 percent went to open water between 1980-1985.

(b) Projected Activity (1985-2000). An increase in dredging
activity is forecasted over the period 1985-2000 as compared to the prior 15
years, assuming that all are proposed major navigation improvement projects
are indeed undertaken. Approximately 22.7 million c.y. of sediment are
expected to be dredged from Phase I areas. This represents an inctease of
nearly 6 million c.y. over the amount of material dredged between 1970 and
1985. Included in the forecast are major dredging projects such as the
proposed Navy Homeport project in Everett (3.3 million c.y.), the Duwamish
River Widening and Deepening project (2.55 million c.y.), and the Blair Sitcum
Waterway Navigation Improvement project in Commencement Bay (2.5 million
c.y.). Whether these projects are undertaken will depend on a variety of
social and economic factors.

As with past dredging activity, most of the projected dredging is expected in
the Elliott Bay area (10.5 million c.y.), although a large volume of material
is forecast to be dredged in the Port Gardner area (8.2 million c.y.) provid-
ing the Navy Homeport project is undertaken. Th, least amount of dredging
activity is expected in Commencement Bay where only approximately 3.9 million
c.y. of material is forecast to be dredged between 1985 and 2000.

(4) Native American Treaty Fishing. In general, commercial fishing
activity of the Indian tribes is concentrated during the period from July
through January of each year. The first target species typically is chinook
salmon, and fishing usually ends with steelhead. The bulk of the commercial
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catch value is usually associated with the coho salmon fishery, which peaks in
late summer and early fall. Specific fishery efforts in the areas of the
potential disposal sites are described in section 3.02c(4) (Commencement Bay

area), section 3.03c(4) (Elliott Bay area), and section 3.04c(4) (Port Gardner

area). These descriptions are based on information provided by the Northwee
Indian Fisheries Commission, some of the individual tribes, and other recently

prepared EIS's (U.S. Navy DEIS, 1984; U.S. Navy FEIS, 1985; U.S. Navy EISS

(Corps), 1986; Elliott Bay Small Craft Harbor FEIS (Corps), 1987).

Potential impacts of disposal activities to the tribal fisheries described in
this chapter are evaluated in chapter 4. The considerations given to Indian
treaty fishing concerns are contained in section 2.

3.02 Commencement Bay.

a. Physical Environment.

(1) Geology. Figure 3.2 shows the existing DNR disposal site and the
selected and alternate disposal sites in Commencement Bay. Commencement Bay
lies at the southern end of Puget Sound's main basin, which connects through
Admiralty Inlet and the Strait of Juan de Fuca to the Pacific Ocean near 48d
N. To the north of Commencement Bay, the southern portion of the main basin
is divided into a number of channels by Vashon Island. To the east of this
island lies East Passage, where depths near midchannel average 200m. West of
Vashon Island lies Colvos Passage with depths averaging ll0m. Connecting the
southern ends of East and Colvos Passages is Dalco Passage. Depths in this
area shoal over a short distance from 165m near the mouth of Commencement Bay
to 44m within the Narrows, a major sill zone of the main basin. Within
Commencement Bay, depths lessen gradually from the mouth toward the Bay's
head, but shoal rapidly along the Bay's northern and southern sides. A number
of waterways adjoin Commencement Bay at its head; several of these waterways
are periodically dredged by the Corps. The drainage area for the Puyallup
River watershed is approximately 2,455 square kilometers containing
mountainous and lowland areas.

(2) Water Quality. Water quality in the main basin of Commencement

Bay, exclusive of the waterways, is classified as Class A according to 1984
Washington State Department of Ecology standards. Inner Commencement Bay
including the waterways is classified as Class B. City Waterway is classified
as Class C.

Due to investigations initiated in 1978 by NOAA and subsequent investigations
by others, concerns were raised about chemical contamination and possible
adverse biological effects in Commencement Bay. Contamination sources include
wastes from approximately 27 NPDES discharges and over 300 nonpoint sources in
the Commencement Bay area. Previous investigations of the nearshore waters
indicated high concentrations of certain metals in the sediments from the
waterways and along the southwest shore. In October 1981, the EPA announced a
list of 115 top priority hazardous waste sites targeted for action under
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Superfund. Commencement Bay was included in the ten highest priority sites in

the nation under consideration for Federal funding for necessary remedial
action. In September 1983, EPA promulgated a revised priority list that
included the Commencement Bay Nearshore/Tideflats site. On April 13, 1983,
the EPA announced that an agreement had been reached with Ecology to conduct a

remedial investigation of the hazardous substances contamination in the
Nearshore/Tideflats Industrial areas of Commencement Bay. Under the Coopera-

tive Agreement, Ecology was delegated the lead role in the investigation. The

reader is referred to the Summary Report for the Commencement Bay Nearshore/

Tideflats Remedial Investigation (Tetra Tech, 1985) for a detailed description
of chemical concerns in Commencement Bay.

(3) Currents and Sediment Transport. As in the rest of the Puget

Sound basin, the circulation in Commencement Bay is driven primarily by tides
and is altered by local winds and runoff from the Puyallup River. The result-
ing net circulation is estuarine in nature, where effects of the river plume
are strongly influenced by movement of near surface water, and movement at
depth is governed by dynamics of the main basin.

In the East Passage approach to Commencement Bay, the prevailing flow near
midchannel is generally westward throughout the water column (Ebbesmeyer, et
al., 1984). A shallow surface layer generally flows out of Commencement Bay
and merges with the westward flow. At greater depths there are two branches
to the flow pattern. The major branch continues to the west feeding into The
Narrows. The minor branch turns counterclockwise and enters Commencement Bay
(DSI TA).

The Puyallup River's discharge of freshwater into Commencement Pay is approxi-
mately 10 percent of Puget Sound's total annual runoff (Ebbesmeyer, et al.,
1984).

Vertical profiles of salinity have shown that the Puyallup River plume
occupies approximately the upper 2 meters of the water column (Cannon and
Grigsby, 1982).

Based on measurements by the city of Tacoma (1979), the time required for a
water parcel to travel from the mouth of the Puyallup River to the mouth of
Commencement Bay at a depth of 1 foot is approximately a quarter of a tidal
cycle. This suggests that water parcels in the Puyallup River plume may
quickly exit the Bay (Ebbesmeyer, et al., 1984).

The net current speed and direction at depth (5 m to bottom) within the Bay
suggest counterflows across the mouth of the Bay. Previous investigators
(Cannon and Grigsby, 1982; Baker and Walker, 1982) have suggested that these
opposing net flows may be the result of eddylike circulation. Therefore, in
the vicinity of the proposed disposal site, located in outer Commencement Bay,
the prevailing flows are westward in the shallow surface layer and southward
at greater depth.
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Some observations of suspended sediment transport were made in Commencement
Bay by Baker and Walker (1982). They found that transport of sediment in the
upper portion of the water column was controlled by the Puyallup River plume.
They also found that throughout most of Commencement Bay, particle losses from
the surface plume are governed by mixing and dilution rather than particle
settling. The available data are insufficient to adequately explore the fate
of suspended sediment in the river plume; however, losses of suspended sedi-
ment from the Bay are thought to occur by advection out of the bay towards
Dalco Passage and also into the waterways, as well as some settling within the
Bay. There is some evidence that substantial recycling of bottom sediments by
resuspension occurs near the entrence to Commencement Bay (Ebbesmeyer, et al.,
1984).

Although the proposed disposal site is located in the entrance, it lies in an
area where the sediment properties are anomalous, suggesting that here the
sediments tend to deposit rather than erode. The small grain size of sedi-
ments in this area suggests that the current speeds are less than 25 centi-
meters per second, a speed below which disposal materials should not be
resuspended.

(4) Marine and Estuarine Sediments. The primary source of suspended
sediment in Commencement Bay is the Puyallup River. Annual sediment discharge
is approximately 395,000 c.y. (Downing, 1983). The Commencement Bay Zone of
Siting Feasibility (ZSF) covers an area exhibiting a tongue of fine grained
sediments extending from the central basin into the bay. This area within
which the alternate and preferred sites were sited exhibited predominantly
coarse to fine silt sediments with clay contents greater than 15 percent and
volatile solids greater than 6 percent.

Sediment quality studies conducted by Crecelius, et al. (1985) and Hileman and
Matta (1983) on or near the DNR Commencement Bay disposal site indicated that
sediment chemical levels were very low with the exception of tri- and tetra-
chlorobutadiene. No evidence of sediment toxicity was found by Swartz, et al.
(1982) at the existing DNR site.

(5) Air Quality. The Puget Sound Air Pollution Control Agency
(PSAPCA) has jurisdiction over Commencement Bay air quality. PSAPCA adminis-
ters and enforces air pollution control standards and regulations and is
responsible for implementing the requirements of the State of Washington and
Federal Clean Air Acts. The following summaries are based on the PSAPCA Air
Quality Data Summary for 1985. For carbon monoxide (CO), two of the three
Tacoma stations violated or exceeded the average CO standard at least twice.
No stations exceeded the 1 hour standard of 35 ppm. For suspended particulates
two stations had several values above the primary standard (75 micrograms/cubic
meter). Lead concentrations measured at all Tacoma area stations were lower
than the ambient standard of 1.5 micrograms/cubic meter. No stations in the
Tacoma area exceeded sulfur dioxide standard. There are no ozone stations in
the Commencement Bay region, as high ozone levels only occur some distance
down wind. There were no ozone levels in Pierce County that exceeded the 0.12
ppm standard.
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Nitrogen dioxide levels measured in Puget Sound area have never exceeded the
0.05 ppm standard.

The Pollutant Standards Index (PSI), a nationally uniform index for daily air
quality reporting, associates pollutant levels in a 24 hour period with
potential health effects. When the PSI is above 100 the measured pollutant
level (of CO, suspended particulates, and/or sulfur dioxide) exceeds the
national primary air quality standard. For Tacoma, the PSI was exceeded
12 days during 1985.

b. Biological &hvironment.

(1) Benthic Communities.

(a) Intertidal/Shallow Subtidal Communities. Commencement Bay
intertidal and shallow subtidal benthic communities and habitats are represen-
tative of those described in detail in the Regional setting section of this
EIS (section 3.01b(l)). The bay can be divided into two basic habitat types
corresponding with the port waterways and the northeast and southwest shore-
lines. The communities in the waterways are well described in Volume IV
(Invertebrates), of the Commencement Bay Study (Dames and Moore, 1981).

In general, habitat types in the waterways are piling/riprap and soft bottom
(sand/silt), both intertidal and shallow subtidal. Dominant taxa in the
waterways in terms of abundance and diversity are polychaetes, copepods,
pammarid amphipods, and bivalve molluscs.

The northeast shoreline from Hylebos Waterway to Brown's Point, and the south-
west shoreline from City Waterway to Point Defiance have very similar habitats
to those found in Elliott Bay and Port Gardner, both in the intertidal and
shallow subtidal. These include gravel/cobble/sand habitats, concrete
rubble/riprap habitats, and silty/sand habitats. alins, et al. (1980),
compared species richness values for benthic infauna for Commencement Bay and
found lowest values at the lower turning basin in Hylebos Waterway, and the
highest values near Browns Point.

Since these habitats/communities are removed from the selected and alterna-
tive disposal sites, (a 2,500-foot guideline used in the site selection
process to minimize impacts to shoreline resources) and because they are
considered similar to those habitats already described in section 3.01b(l)
(Regional Benthic Communities) they are not discussed here. The reader is
referred to the Commencement Bay Study referenced above and to the Superfund
study prepared for Ecology and EPA for further information. The focus of the
impact analysis will be on communities in the immediate and adjacent areas of
the selected and alternate disposal sites.

(b) Benthic Communities - Selected Site and Alternative Disposal
Site. Site specific benthic studies were conducted in Commencement Bay during
June 1986. These studies were conducted by the Waterways Experiment Station
(Clarke, 1986) as part of the BRAT (Benthic Resources Assessment Technique)
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(LWnz and Kendall, 1982; Lunz and Clarke, 1985) evaluation of habitat feeding
potential for demersal fishes. The reader is referred to section 3.02b(3)(e)
for a discussion of the results of the fish feeding habitat analysis. In
general, the results for both sites show benthic Infaunal communities existing
in relatively homogeneous coarse to fine silt bottoms dominated by large
polychaetes (Maldanidae, Terebellidae, Onuphidae) and bivalve molluscs
(Axinopsida and Macoma). The distribution of taxa at the preferred and
alternate sites was similar, with polychaetes comprising 67 and 72 percent of
the biomass respectively, molluscs (bivalves) respectively making up 28 and 17
percent of the total, and crustaceans comprising only 5 and 6 percent of the
total at the two sites. Variations in biomass distribu- tion among stations
reflect the patchy distribution of benthos typically documented in benthic
investigations (Johnson, 1972; Rhoads, McCall and Yingst, 1978; Kendall, 1983)
(figure 3.3). Depth partitioning of benthos at each station indicates that
most of the biomass is concentrated within the upper 10 centimeters of the
sediment, generally within the upper 5 centimeters (figure 3.4). Average
biomass observed within the top 15 centimeters of sediment was 46 g/m2 at the
selected site and 70 g/m2 at the alternate site, although differences between
sites were not significant (p greater than .05) reflecting the high degree of
station heterogeneity. Offsite benthic resource values were generally similar
to those observed on site.

In general benthic communities appeared to be similar in taxonomic composition
and biomass magnitude (not significant: p greater than .05) to those observed
in Elliott Bay and Port Gardner, although substantially higher biomass (i.e.,
6.6-7 times) than observed at the Saratoga Passage disposal site (see section
3.04b(l)(b)).

(c) Crab and Shrimp Resources. Dungeness crab (Cancer magister)
studies were conducted in Commencement Bay during three seasons: Winter
(February, 1986), Spring (June, 1986), and Fall (September, 1986), by the
School of Fisheries and Fisheries Research Institute, University of Washington
(Dinnel, et al., 1986a). Concurrently, the University of Washington investi-
gated abundances and distributions of commercial (Pandalid) shrimp and bottom-
fish. Sampling was performed at selected stations in the bay (figure 3.5)
using beam trawls for capturing Dungeness crab and shrimp, and otter trawls
for capture of bottomfish and shrimp.

No Dungeness crab were caught in Commencement Bay during any of the three
sampling seasons. Also, relatively low densities of commercial shrimp were
caught baywide (except during September at c station near Browns Point) and in
the disposal sites during the same seasons. Distribution of shrimp throughout
was generally uniform in February, while shrimp tended to be most abundant at
the disposal sites in June (figure 3.5(a-b)). Since the sites were relocated
between February and June, the earlier data was only used to provide a general
indication of the distribution of shrimp in Commencement Bay in February.
June densities of beam trawl caught shrimp were 69 shrimp/ha in the preferred
site, and 25/ha In the alternate site.
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In September, the highest density of shrimp taken during beam trawls was at
the Browns Point nearshore (10 meter) control station, with a calculated
density of 1,067 shrimp/ha (all juvenile coonstripe shrimp, Pandalus danae)
(figure 3.5c). Densities in the disposal sites were in the same range as seen
in June, 67 shrimp/ha for the preferred site, and 81 shrimp/ha for the alter-
nate site. By contrast, the otter trawl caught 456 shrimp/ha from the pre-
ferred site and 476 shrimp/ha from the alternate site. Dinnel, et al. (1986),
found no significant differences in shrimp densities between preferred and
alternate sites (t-test; p greater than .05). Biomass comparisons for
Commencement Bay disposal sites (averaged for Otter Trawl samples collected at
both sites), and other areas in Puget Sound indicate that catches were gen-
erally lower (1.22 kg/ha) than from areas supporting commercial fisheries for
shrimp (ranging from 0.8 - 15.1 kg/ha; averaging 6.99 kg/ha) (table 3.2),
although commercially harvestable shrimp resources may be present at one
shallow (10m) station off of Browns Point.

In general shrimp data from all seasons and areas (i.e., including Elliott
Bay, Port Gardner, Saratoga Passage) indicated species specific depth prefer-
ences (figure 3.6). Coonstripe shrimp prefer the shallowest depths (30m), and
are often associated with eelgrass and various algae (Dinnel, et al., 1986a).
The mid-depths (50-100m) are generally preferred by spot prawns and pink,
smooth pink and humpback shrimp. Sidestripe and pink shrimp are found at the
deepest (100-150m) depths (Dinnel, et al., 1986a).

Size distribution patterns for shrimp indicated that coonstripe shrimp are the
smallest species (average carapace length: 9-12mm) with size increasing with
depth. Both species of pink shrimp were small to moderate in size (13-18mm),
whereas sidestripe and humpback shrimp are moderate sized (18-24mm) with sizes 0
decreasing with increasing depth. Spot prawn were the largest averaging
26-34mm carapace length and also tended to smaller sizes at depth (Dinnel, et
al., 1986b).

(2) Plankton. Phytoplankton and zooplankton communities are gen-
erally ubiquitous throughout Puget Sound but exhibit tremendous spatial and
temporal variations in species composition and abundances. The reader is
referred to paragraph 3.Olb(2) for a general discussion on bloom periods and
taxonomic/species succession.

(3) Anadromous and Marine Fishes. Three freshwater drainages into
Commencement Bay, predominantly the Puyallup River, support five salmonid
species (spring and fall chinook, coho, chum, pink, and sockeye) and two
species of trout (cutthroat trout and steelhead trout). The Puyallup River
basin is by far the largest and most important system of the three with
sustaining runs of spring and fall chinook, coho, chum, pink, and steelhead.

(a) Adult Salmonids. Both a fall and spring run of chinook
salmon occurs through Commencement Bay waters, with the fall run the largest
of the two. The WDF management period for fall-run chinook in Commencement
Bay is usually from August through mid-October; the period for spring-run
chinook is usually from mid-April to the end of June. Coho salmon are the
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TABLE 3.2

ESTIMATED AVERAGE SHRIMP CATCHES PER HECTARE FROM OTTER TRAWLS
CONDUCTED IN SELECTED AREAS OF HOOD CANAL AND PUGET SOUND FROM 1967 TO 1979

(UNPUBLISHED DATA, DR. KENNETH CHEW, SCHOOL OF FISHERIES,
UNIVERSITY OF WASHINGTON) COMPARED WITH PSDDA PHASE I STUDY AREAS

(MODIFIED AFTER DINNEL, et al., 1987b)

Location/Depth (a) Number of Trawls Catch (kg)/Ha

HOOD CANAL

Dabob Bay
20 - 45 33 2.9
45 - 70 26 2.7
70 - 125 24 3.5

Pleasant Harbor
35 - 65 5 2.9
65 - 90 8 10.0

Seabeck
57- 80 3 0.8

Potlatch
7- 90 4 6.8

PUGET SOUND

Port Susan
25 - 70 9 12.8
80 - 120 7 '5.7

Tulalip
80 3 13.5

80 - 120 4 11.8
Carr Inlet

45 - 80 4 15.1
80 - 135 3 2.4

PSDDA SITES

Commencement Bay
550 - 560averaged)* 1.2

Elliott Bay
200 - 560 (averaged)* 1.7
200 - 350 (site 1/September) 4.8

Port Gardner
370 - 425 (averaged)* 0.1p- Saratoga Passage
350 0.6

*Both alternative sites.
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predominant sport and commercially caught species. The WDF management period
for coho usually runs from the first week in September to the first week in
November. The WDF management period for chum usually runs from the first week
of November to the first week of January. Pink salmon runs occur primarily in
odd-numbered years. The WDF management period for pinks usually runs from the
end of July to the middle of September with the peak of the catch often occur-
ring in August. Winter-run steelhead trout are known to occur in Commencement
Bay and the Puyallup River, peak freshwater catches are in December and
January (section 3.02c(4)) Tribal Fishery Management periods) (see figure 3.7
for upstream migration periods of adult salmon).

Very little field information exists on adult salmon within Commencement Bay,
except general information on adult runs in the bay and rivers/creeks as well
as from current sports and commercial fishery activities (see figure 3.7).
Based on trap counts and spawning ground surveys, it is estimated that spring
chinook spawning escapement to the Puyallup ranged from 800 to 1,500 fish from
1965 to 1971, averaging 1,100 annually. Fall chinook runs (based on spawning
ground information) were estimated at 2,500 to 4,000 fish between 1966 to
1971, averaging 3,400 fish (Williams et al., 1975). Coho salmon runs are
estimated to have ranged from 42,000 to 70,000 fish between 1966 and 1971,
averaging about 50,000 fish per year. Extensive tagging and recovery programs
have documented pink salmon escapements to the Puyallup system ranging from
16,000 to 40,000 fish from 1966 to 1971, averaging nearly 26,000 per odd year
escapement (Williams et al., 1975).

(b) Juvenile Salmonids. Juvenile chinook salmon are the most
abundant juveniles in the bay and are present from early April to late July,
peaking in abundance in late May. Juvenile pink salmon are the second most

U abundant salmon, and are present from late-March to June with a peak abundance
during mid to late April. Natural production is augmented by hatchery produc-
tion. WDF operates a salmon hatchery on Voight Creek (a tributary to the
Puyallup River). The Puyallup Nation operates a hatchcry ca Diru Creek (also
a tributary of the Puyallup River). Figure 3.7 illustrates the timing of
salmon freshwater life phases in the Puyallup Basin.

Shoreline configuration and water depth seem to play a major role in the early
distribution patterns of outmigrating Juvenile salmonids. Early (April and
May) chinook Juveniles in Commencement Bay were predominately found along
shallow, nearshore beach habitat (Dames and Moore, 1981). Toward late May,
chinook began appearing in purse seine catches from deeper water along the
face of pier aprons. Juvenile pink salmon showed a strong preference for
mudflat and beach habitat. Juvenile chum salmon used nearshore beach and
shoreline habitat during their early residency and showed a shift to deeper
water along piers after early June (Dames and Moore, 1981).

In general, Juvenile salmonids in Commencement Bay feed on epibenthic prey in
nearshore environments during the early stages of their outmigration period
and shifted to neritic organisms during the later stages of their residency.
Harpacticoid and calanoid copepods, gammarid amphipods, and drift insects
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constitute over 90 percent of the prey items taken by juvenile salmonids. A
detailed discussion of salmonid and marine fishes and fisheries is contained
in the Commencement Bay Study (Volume III) (Dames and Moore, 1981).

(c) Inshore Marine Fish Resources. Marine fish communities in
Commencement Bay are generally represented in samples collected during the
Commencement Bay Study (Corps, 1981). In the waterway, flatfish were the most
abundant group collected and were dominated by English sole, rock sole, flat-
head sole, c-o sole, sand sole, starry flounder, and speckled sanddab. Less
abundant were Pacific staghorn sculpin, Pacific tomcod, ratfish, copper rock-
fish, and snake prickleback. Species more common along the open-water shore-
line included rock sole, c-o sole, and several species of rockfish.

Examination of marine fish during the Commencement Bay Study (Dames and Moore,
1981) showed no gross external abnormalities, and a generally good condition.
Several species, however, were infected with the nematode Philometra sp.; but
the frequency of infestation was no greater than for other areas of central
and southern Puget Sound. NOAA/MESA studies (Malins, et al., 1980) in
Commencement Bay have demonstrated a high incidence of internal abnormalities
or disease in several resident marine fish species, and these abnormalities
have been statistically correlated with high levels of heavy metals and
organic chemicals in the waterways. The EPA and Ecology Nearshore/Tideflats
Remedial Investigation of Commencement Bay conducted under Superfund (Tetra
Tech, 1985) documented the extent and distribution of contaminants throughout
this area, and added much new information to the earlier COBS observations.
This study documented liver lesions in English sole associated with several
waterways. English sole collected from Middle Waterway exhibited a liver
lesion incidence of 40 percent. Fish observed during the superfund study did
not appear to be severely stressed by liver lesions observed or by accumula-
tions of toxic substances from the waterways and along the Ruston shoreline.

Resident flatfish are primarily benthivores, feeding on benthic infauna such
as polychaetes and bivalves, but also feeding on epibenthic crustaceans such
as gammarid amphipods. Invertebrate numbers/types observed in flatfish
stomach content analyses were similar to the infaunal distribution in the
study area although considerable between-habitat and seasonal variation was
observed. Prey items of marine fish were widely distributed throughout the
bay. Infaunal prey items, essentially bivalves and polychaetes, were present
at nearly every subtidal station in the COBS study area. Epibenthic prey
items were also widespread but were most numerous in subtidal areas in the
following locations: Commencement Park, City Waterway at the mouth of Wheeler
Osgood, Middle Waterway, and the mouth of the Puyallup River. Bioassays with
invertebrate prey species, (Swartz, 1981) indicate that sediment toxicity may
not be a problem in deeper parts of Commencement Bay, but may be in the water-
ways (especially Hylebos Waterway) where sediments often appear to be acutely
toxic.

There is currently no commercial fishery for resident marine fish in Commence-
ment Bay. Recreational fishing is common, however, and is concentrated along
Ruston Way and City Waterway fishing piers and other areas open to public
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access. A recent survey by Noviello (1981) indicated that 95 percent of the
fish caught in Commencement Bay are from the southwest side of the bay, with
70 percent caught at or near the old Town and Point Defiance fishing piers.
At these piers the catch was dominated by hake, pollock, and Pacific tomcod.
From Middle Waterway to Browns Point the fishing effort is much lower, possi-
bly due to restricted access, and the catch is dominated by pile perch and
striped seaperch (Noviello, 1981).

(d) Bottomfish Resources in the Disposal Sites. Bottomfish
abundance and distribution at the Commencement Bay selected and alternate
sites was studied by the University of Washington (Dinnel, et al., 1987b)
using a 7.6-meter otter trawl. Sampling was performed during February, June,
and September, 1986. February sampling was conducted in two rectangular
sites, the original preferred site and the original alternate site. These
sites were later modified in June with the overall result being (1) the
selected site is located immediately northeast of (and partially overlapping
of) the former preferred site, and (2) the current alternate site is immedi-
ately north of (and slightly overlapping) the selected site. For purposes of
continuity, the discussion will treat data from the February stations as being
from the selected site and an adjacent site to the southeast.

In February, neither site appeared to contain major summer populations of
recreational or commercial bottom fishes as either juveniles or adults.
Bottomfish were scarce at both sites; however, this was due primarily to the
fact that sampling was only with beam trawl, not otter trawl, the former being
not particularly efficient at, nor designed primarily for, sampling of
bottom-fish. In June, otter trawl sampling, revealed little difference in
catches between the selected and alternate sites, suggesting a uniform
distribution of bottomfish in the central, deep areas of Commencement Bay at
this time of year. The catches at the two sites were relatively low (5-9
fish/trawl) and were comprised primarily of ratfish (Hydrolagus colliei) and
Dover sole (Microstomus pacificus).

More bottomfish were caught in September. At the selected site, the average
catch was one fish/trawl, representing 6 species. However, an overlapping
site, "PSDDA 1A," yielded 29 fish/trawl and 13 species. Dominant species were
again ratfish and Dover sole. At the alternate site, average catch per trawl
was 18 fish representing 10 species. Dominate species were ratfish, Dover
sole, and slender sole. The catch pattern of the dominant species followed
similar patterns during both the June and September cruises. From the data,
it is apparent that bottomfish are not in either commercial or recreational
abundance in Commencement Bay throughout the year.

(e) Foodweb Relationships: BRAT Assessment of Bottomfish
Feeding Habitat Values in Disposal Sites. An important aspect of benthic
habitat quality is the potential amount of trophic support that a given
benthic habitat can provide to demersal bottom-feeding fishes. A procedure
called BRAT (Benthic Resources Assessment Technique) was employed by personnel
of the Environmental Laboratory, U.S. Army Engineer Waterways Experiment
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Station during June/July 1986 at each of the alternative sites to assess

bottomfish feeding habitat values (see Clarke, 1986; DSSTA).

-- The analysis focuses on a parallel examination of benthic infaunal resources
and bottomfish feeding behavior within each habitat. Prey size and prey
vertical distribution in the sediments are two important attributes of benthic
communities important to opportunistic benthic infaunal predators. Benthic
Resources in the Phase I disposal sites were quantified in terms of vulner-
ability (benthic size distribution: 0.25mm, 0.5mm, 1.0mm, 2.0mm, 3 .35mm,
6.35mm) and availability (depth of benthic food item below the sediment water
interface: 0-2cm, 0-5cm, 0-10cm, 0-15cm). Diets of demersal bottom-feeding
fishes collected in each of the study areas were quantified in terms of
benthic prey size distribution, and an informed but subjective judgment was
made about the probable maximum foraging depth for each fish feeding group.
All fish diet samples were analyzed (cluster analysis) and feeding strategy
groups were identified based on observed similarities in foraging behavior
(i.e., similarities in benthic prey size distributions and probable foraging
depths).

Feeding strategy groups identified through this exercise are summarized in
table 3.3. The BRAT focuses on benthic infaunal predators and couples the
benthic component of fish diets with benthic infaunal resources in the
environment. Four feeding strategy groups were identified that exploited
infaunal benthos heavily (primarily Dover sole and English sole). Figure 3.8
illustrates the distribution and amount (g/m2-wet biomass) of potential
benthic food particles available to each of the four feeding strategy groups.
The differential prey size and depth exploitation patterns exhibited among the
four different feeding strategy groups identified within the Phase I PSDDA
disposal sites, largely reflect the spatial mosaic of benthic infaunal prey
availability and vulnerability throughout each study area, during a single
".snapshot in time" of the feeding behavior of the species collected. Benthic
feeding fish are largely opportunistic feeders, and their feeding behavior
over time would be expected to change as a result of temporal changes in the
benthic "food" resources. A direct comparison of the prey taxa composition
observed in the fish diets showed a close parallel with benthic taxa composi-
tions in the environment (section 3.02b(l)(b)), consisting predominately of
polychaetes and bivalve molluscs.

Comparative analysis of mean benthic biomass resource values at Commencement
Bay during the summer of 1986 indicates that feeding habitat potentials were
generally similar among feeding strategy groups at both preferred and alter-
nate sites, ranging from a low of 13.2 and 21.6 g/m2 for Group IIA predators
to a high of 24.3 and 35.1 g/m2 for Group IIIA predators respectively at the
preferred and alternate sites (table 3.4). Apparent differences in benthic
resource value magnitude for Group IIIA between sites were not significant (p
.05), and represent the patchiness of benthic communities throughout the study
areas. Summer benthic resource values were generally higher for Group IIB and
IIIA predators capable of exploiting prey down to 10cm than for Groups IIA and
IIC which were foraging at shallower depths of only 5cm. In general benthic
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TABLE 3.3

DEMERSAL FISH BENTHIC PREY SIZE FEEDING STRATEGY
GROUPS OBSERVED IN PHASE I PSDDA STUDY AREAS

(AFTER CLARKE 1986)*

Group I Fishes feeding on prey less than or equal to 1.0mm or smaller
with a modal prey size around 0.25mm. No representatives of this
group were found in this data set.

Group II Fishes that exploit a wide range of benthic prey sizes, and are
not small prey or large prey exploiters. Three subgroups of
Group II predators were observed in this data set.

Group IIA Fishes that exploit benthic prey
between 0.25 and 2.0mm. A prey size
mode of 0.5mm is indicated for benthic
prey items.

Group IIB Fishes that exploit benthic prey
between 0.5 and 3.35mm. A prey size
mode of 2.0mm is indicated.

Group IIC Fishes that exploit benthic prey
between 0.5 and 3.35mm. A prey size
mode of 3.35mm is indicated.

Group III Fishes that do not exploit small sized benthic prey. Exploita-
tion is predominantly among benthic prey that are greater than
3.35mm. One subgroup of Group III predators was observed in this
data set.

Group IIIA Fishes that exploit benthic prey in the
intermediate size range (0.5 to 2.0mm),
although the prey size mode is 6.35mm.

*Reflects only groups feeding predominantly on benthic prey. See Clarke
(1986) for expanded discussion.
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resource values observed in Commencement Bay were comparable to those in
Elliott Bay and Port Gardner, and substantially higher than those observed at
the Saratoga Passage alternate site.

(4) Marine Mammals. All of the marine mammals found in Commencement
Bay are migratory and have wide distribution patterns. Therefore, they are
discussed in the regional setting section. The reader is referred to the
regional marine mammals section 3.01b(4) for this discussion.

(5) Water Birds. Commencement Bay provides habitat for relatively
large populations of both resident and migratory bird species. The Commence-
ment Bay area in general provides resting and feeding habitat for many species
of migratory shorebirds and waterfowl. Commencement Bay functions as both a
stopover point during migratory flights and as an overwintering area. Bird
distribution in the bay is determined by several factors including habitat
availability, feeding behavior, and nesting preferences. Shorebirds and
wading birds, such as turnstones, sandpipers, and herons, are exclusively
nearshore in distribution and are commonly observed along the shoreline of the
outer bay and waterways and in upland areas. Concentration areas of shore-
birds and waders include the Hylebos Waterway mudflats and the intertidal area
at the Puyallup River mouth. Waterfowl are found in both nearshore waterways
and open bay regions with the largest numbers sighted along the Marine View
Drive and Ruston Way shorelines and along the banks and at the mouth of the
Puyallup River. Gulls and terns are observed throughout Commencement Bay in
both nearshore and open bay habitats. Gulls are present in all seasons and
are far more numerous than terns, which are present only in late summer.
Areas of gull concentration include intertidal mudflats, log storage areas,
and abandoned pilings at the mouth of City Waterway. Seabirds are normally
sighted in open bay waters and seaward of the waterway mouths. Cormorants are
commonly seen roosting on pilings and bulkheads along Ruston Way. Raptors and
shorebirds are generally found throughout the terrestrial portions of the
Commencement Bay study area. The forested uplands along Marine View Drive and
Hylebos Waterway, Point Defiance Park, along the Puyallup River, and wetland
areas are all habitats used by raptors and passerines.

Intertidal mudflats in Commencement Bay support feeding activity by shore-
birds, waterfowl, gulls, and herons. Mudflats in Hylebos Waterway and at the
mouth of the Puyallup River are the major intertidal feeding areas. Open-
water areas and some waterways are used as feeding habitat by seabirds and
diving ducks (these species probably feed over mudflats at high tide).

Several bird species nest within the Commencement Bay study area. Glaucous-
winged gulls maintain a large breeding colony atop boards and pilings of an
abandoned pier between Middle and St. Paul Waterways. Bluffs along the Marine
View Drive shoreline from l1th Street to Browns Point are used for nesting by
belted kingfishers and barn owls. These species construct burrows in the side
of the bluffs. Barrow goldeneyes nest among the pilings along Milwaukee
Waterway, one of the few known nesting sites for this species in coastal
western Washington. Mallards nest in vegetation along the banks of the
Puyallup River from its mouth to the Interstate 5 bridge and occasionally nest
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in wetland areas between the Puyallup Rivier and Blair Waterway. Several
pairs of Canada geese nest along the northeast shore of Hylebos Waterway in
the vicinity of the l1th Street Bridge mudflats.

(6) Endangered and Threatened Species. A pair of bald eagles main-
tain an active nest in Point Defiance Park. Bald eagles are present year
round in the vicinity of Commencement Bay. The abundance of open water, prey
base, and forested cliffs all contribute to good quality bald eagle habitat in
this area. Peregrine falcons have been sighted around Commencement Bay during
winter months. The lack of suitable perches, relatively small prey base, and
human activity around Commencement Bay contribute to low quality habitat for
peregrines.

Gray whales have been regularly, though certainly not commonly, observed in
Dalcos Passage and in the outer reaches of Commencement Bay. Gray whales feed
in water depths between 40 and 125 feet, primarily for euphausiid shrimp and
herring. However, feeding has only been noted in northern migrant gray
whales; those migrating south toward the breeding area apparently fast during
migration. Those observed in Puget Sound are apparently stragglers who may
stay in Washington waters for extended periods. It is apparently not known
whether these stragglers feed while they are in Washington waters (Everitt, et
al., 1979). Humpback whales used to be regularly observed throughout Puget
Sound (Scheffer and Slipp, 1948; cit. Everitt, et al., 1979). They have
apparently not been observed near Tacoma or southern Puget Sound since the
1940's (Scheffer and Slipp, 1948; cit. Everitt, et al., 1979). They are now
one of the rarest of whales, numbering less than 1,000 individuals, and
chances of seeing them in southern and central Puget Sound are remote.

The BA's prepared for the PSDDA Phase I study area are attached in exhibit A.
More detailed descriptions of the Commencement Bay threatened and endangered
species, and their habitat, are provided in the BA's.

c. Human Environment.

(1) Social Economic. The dredging areas that will use the
Commencement Bay unconfined open-water disposal site include portions of King
County, most of Pierce County, the city of Tacoma, and other smaller com-
mumities like Gig Harbor, Des Moines, and Redondo. Pierce County is the
second largest county in the State with a population of 524,900 in 1985.
Population growth over the last decade has been due to increases in personnel
at military establishments in the vicinity of Tacoma as well as new and
expanded industries in and near Tacoma. Population forecasts by the
Washington State Office of Financial Management show the population of Pierce
County increasing to 618,700 by the year 2000. The tidal flat area, where
port activities are concentrated, has experienced major developments in the
last several years. Total waterborne commerce through Tacoma harbor has
increased from 7,898,000 short tons in 1975 to 15,795,000 short tons in 1985.

(2) Navigation Development. Although the Port of Tacoma was not
officially established until 1918, Tacoma has been an active shipping center
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since the first settlement came in the 1850's. The last 50 years has seen the
Port of Tacoma grow from a 240-acre tract of tideflats to an industrial
complex covering 3,500 acres. Commencement Bay, a good natural harbor, has
received ships from all over the world. Figure 3.9 and table 3.5 illustrate
the historical wetland losses in the Puyallup Estuary and Commencement Bay.

The existing waterway improvements in Tacoma Harbor, both Federal and
non-Federal are described below:

o Hylebos Waterway. This channel, over 3-miles long, was completed
in 1968 to depths of 30 feet below MLLW for an average channel width of 200
feet. The waterway is a Federal project maintained by the Corps. Existing
developments alongside the channel preclude further widening or deepening
without substantial costs.

o Blair Waterway. Blair Waterway, a Federal project also maintained
by the Corps, is 2.6 miles long with a maximum width of 800 feet.

The federally authorized depth is 35 feet below MLLW, except the southwesterly
half seaward of East l1th Street, which is 30 fe t below MLLW.

o Sitcum Waterway. The existing 3,000-foot-long by 500-foot-wide
waterway was dredged by the Port of Tacoma to depths varying from 30 to 50
feet below MLLW.

o Milwaukee Waterway. The Milwaukee Waterway, located midway between
Sitcum Waterway and the Puyallup River, is 3,400 feet long, 300 feet wide, and
about 30 feet below MLLW.

o Puyallup Waterway and River. This river is nonnavigable by any but
small craft due to depths at the mouth of only about 2 feet above MLLW.
Dredging to maintain a navigable channel in this watercourse, with its atten-
dant bedload, is impractical. The present channel of the Puyallup Waterway is
a modification of the original natural configuration of the Puyallup River
estuary. The river has been channeled by the construction of dikes to a point
about 3 miles upstream. Dike construction was a Corps flood control project.

o St. Paul Waterway. This waterway is a privately owned irregularly
shaped channel for shallow draft vessels.

o Middle Waterway. The outer half of this waterway is trough-shaped
with depths to 30 feet below MLLW while the inner half has elevations varying
from 0 to 5 feet above MLLW.

o City Waterway. This waterway is a 7,800-foot-long channel and
varies in depth and width as follows:
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TABLE 3.5

ESTIMATED HISTORICAL CHANGES IN NATURAL HABITAT OF
PRINCIPAL ESTUARIES CF WASHINGTON STATE*

Estimated (kin2 ) Subaerial Wetland
Historical Present % Chahge

Nooksack 4.5 4.6 +0.2
Lummi 5.8 0.3 -89.7
Samish 11.0 0.4 -96.4
Skagit 29.0 12.0 -58.6
Stillaguamish 39.0 10.0 -74.4
Duwamish 2.6 0.1 -99.2
Puyallup 10.0 0 100.0
Nisqually 5.7 4.1 -28.1
Skokomish 2.1 1.4 -33.3
Dungeness 0.5 0.5 0

*Data from Bortleson, et al. (1980)
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Depth (feet Width

below MLI) (feet)

Commencement Bay to East l1th Street 29 500

East llth Street to East 14th Street 22 500

East 14th Street to End of Waterway 19 500 to 250

The waterway is a Federal project maintained by the Corps. Bridges within
this waterway restrict the upper reaches to small vessel traffic.

(3) Dredging and Dispsal Activity.

(a) Historical Activity (1970-1985). Between 1970 and 1985,
2,951,000 c.y. of material were dredged from Commencement Bay and vicinity.
This represents 18 percent of the total amount of material dredged in Phase I
areas during the last 15 years (table 3.6). Although some of the dLedged
material (26 percent of total dredged) was disposed at available open-water
sites in the Commencement Bay area, most of the sediment (74 percent of total)
was placed upland or nearshore. In the past 15 years, most of the dredging
(61 percent of total activity) was undertaken by the Port of Tacoma. The
lowest level of activity was by the Corps as little maintenance dredging was
required in the Commencement Bay area because of low siltation rates.

(b) Projected Activity (1985-2000). The volume of material
expected to be dredged in the Commencement Bay area over the next 15 years is
approximately 3.9 million c.y. (table 3.7). This represents the lowest volume -

of material (17 percent of total) of all three Phase I areas. The Corps or
the Port of Tacoma is projected to account for the majority of future dredging
in the Commencement Bay area, depending on which entity undertakes the Blair-
Sitcum Waterway Navigation Improvement project. If this project is not
undertaken, then the amount of material dredged by each of the three general
groups that dredge (Corps, Port of Tacoma, and private parties/municipal
interests) would be approximately the same.

(4) Native American Treaty Fishing. As part of their "usual and
accustomed" fishing area, the Puyallup Tribe possess adjudicated fishiag
rights in Commencement Bay. The Yakima Tribe additionally possess these
rights, and could propose to exercise them In the future.

The Puyallup Nation typically operates a commercial drift gill net fishery for
pink (odd year), coho, and chum salmon in Commencement Bay. The commercial
fishery in the bay usually occurs from late August to late November. Coho
salmon is the predominant species in terms of numbers caught commercially in
Commencement Bay. Spring and fall runs of chinook have not been sufficient to
support commercial fisheries for those species. Drift gillnet fishing (espe-
cially for coho) can occur throughout the bay.
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TABLE 3.6

PUGET SOUND DREDGED MATERIAL INVENTORY PHASE I AREA
(SEATTLE, TACOMA, EVERETT) 1970 TO 1985

Total Volume
Discharged at

Unconfined To tal
Disposal Sites Volume Dredged

Phase I Area 6,758,000 c.y.l/ 16,850,000 c.y.
(5,167,000 m3 ) - (12,890,000 m3)

Port Gardner 692,000 c.y. 5,499,000 c.y.
(529,000 m3) (4,207,000 m3 )

Elliott Bay 4,598,000 c.y. 8,400,000 c.y.

(3,515,000 m
3 ) (6,426,000 m

3 )

Commencement Bay 782,000 c.y. 2,951,000 c.y.
(598,000 m3 ) (2,257,000 m3 )

Corps of Engineers Port Other
Projects Projects Projects

Total Volume 5,755,000 c.y. 4,635,000 c.y. 6,460,000 c.y.
Dredged (4,400,000 m3 ) (3,544,000 m3) (4,939,000 m3 )

Total Volume Disposed 2,167,000 c.y. 1,389,000 c.y. 3,202,000 c.y.
at Unconfined, (1,657,000 m3) (1,062,000 m3 ) (2,448,000 m3 )
Open-Water Sites

Total Volume Disposed 3,588,000 c.y. 3,246,000 c.y. 3,258,000 c.y.
Upland or Nearshore (2,743,000 m3) (2,482,000 m3) (2,492,000 m3)

Disposal Methods for Corps of Engineers Projects
1970-1980 1980-1985

Volume Percent Volume Percent

Water 961,000 c.y. 26 1,206,000 c.y. 56
(626,000 m3) (787,000 m3 )

L Upland/Nearshore 2,661,000 c.y. 74 927,000 c.y. 44
(1,946,000 m3) (678,374 m3 )

l/Not all dredged material discharged at the designated DNR sites.
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TABLE 3.7

FORECAST DREDGING VOLUMES (C.Y. X 1,000)
FOR PHASE I AREA (1985 TO 2000)

Port Gardner Elliott Bay Commencement Bay

Activity and Vicinity and Vicinity and Vicinity Total

Corps l/ 3,000 2/ 4,200 3/ 2,690 4/ 9,890

Ports 5/ 300 2,000 700 3,000

Other 6/ 4,943 4,325 539 9,807

Total 8,243 10,525 3,929 22,697

i/Corps Forecast includes: Port Gardner and vicinity (upper Snohomish, 2
million c.y.; lower Snohomish, 1 million c.y.); Elliott Bay and vicinity
(upper Duwamish and upper turning basin, 1,530,000 c.y.; Duwamish widening and
deepening, 2.55 million c.y.; Kenmore, 70,000 c.y.); Commencement Bay and
vicinity (Hylebos Waterway, 50,000 c.y.; Blair-Sitcum navigation improvement
project, 2.5 million c.y.).

2/Volume includes 2 million c.y. of material to be dredged from the upper
Snohomish River basin and maintenance project. The material is primarily
sand. Adjacent upland disposal is preferred for economic reasons.

3/Includes 2.5 million c.y. for the Duwamish widening and deepening project
which has been authorized but is not expected to be undertaken in the short
term (1985 to 1990).
4/Includes 2.5 million c.y. for the Blair-Sitcum navigation improvement

project which has been authorized but is not expected to be undertaken in the
short term (1985 to 1990).

5/Forecasts by Ports: Port Gardner and vicinity (Port Everett includes
Everett Port construction, 300,000 c.y.); Elliott Bay and vicinity (Port of
Seattle includes T-91 shortfill, 400,000 c.y.; Kellogg Island, 800,000 c.y.;
Port maintenance, 800,000 c.y.); Commencement Bay and vicinity (Port of Tacoma
includes third Sea-Land berth, 100,000 c.y.; new pier 5 area wharf, 150,000
c.y.; Blair terminal berth, 100,000 c.y.; Blair auto wharf, 120,000 c.y.;
Hylebos maintenance, 150,000 c.y.; berth and waterway maintenance, 80,000
c.y.).

6/All other project activities, including private developers, State of
Washington, municipal governments, and U.S. Navy. For Elliott Bay and
vicinity and Commencement Bay and vicinity, the volume of material to be
dredged by this group is based on an extrapolation of the dredging over the
period 1970 to 1985. The extrapolation was based on a simple mean of the
yearly dredging volume that occurred between 1970 and 1985. This yearly
average was extended forward for the 15-year forecast. For Port Gardner and
vicinity the same procedure was followed, except that the estimated volume of
material that is to be dredged from the Navy llomeport project (3,300,000 c.y.)
was included.
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During Fall and Winter, the tribe uses stationary gill nets to fish commer-
cially for steelhead in the Puyallup River. This fishery peaks in December.
The bulk of the commercial harvest of steelhead in Commencement Bay is occurs
in the lower portion of the main stem of the Puyallup River.

Tribal salmon sports fishing in the bay has been concentrated near Point
Defiance and the mouth of the Puyallup River. Occasional high-use sport
fishing has also occurred near Brown's Point.

(5) Non-Indian Commercial and Recreational Fishing. Commencement Bay
supports a limited amount of non-Indian commercial and recreational fisheries
activities. The following summary is based on the latest WDF catch statistics
for 1985-1986 (Dale Ward, personal communication, 1987). Sport catches of
chinook and chum salmon between Tacoma and Vashon Island are reported at
38,157 fish for 1985. Non-Indian commercial catches of salmon in 1986 were
only 503 fish (chum only) for Commencement Bay, by comparison. Bottomfish
catches of true (Pacific) cod, English sole, and rockfish totaled 9,545
pounds, in 1986 between Commencement Bay and Vashon Island. Herring catches
of 46,232 pounds and surf perch (shiners), catches of 14,490 pounds, were
reported for 1986 within the area from Commencement Bay to Vashon Island. No
significant catches of crab or shimp have been reported from Commencement Bay.

(6) Esthetic Setting. The esthetic setting that could be impacted by
disposal operations is Commencement Bay proper, shipping activities, and
recreational boating. It also includes the shoreline areas, offshore islands,
and the Olympic Mountains. A good description of the shoreline areas is
provided in the Commencement Bay Study, Volume II, Land and Water Use (Dames5 and Moore, 1981). The south shoreline extends from City Waterway to Point
Defiance and is bordered by Schuster Parkway and Ruston Way, the latter
traversing through Old Tacoma and Ruston. Several public parks, view areas,
and restaurants dot this shoreline. The Port of Tacoma industrial area is
comprised of several waterways and riprapped shoreline and provides views of
the bay for office and industrial workers. The north shoreline is bordered by
Marine View Drive and extends from Hylebos Waterway to Browns Point. A
private park exists at Browns Point. Other viewpoints are from elevated areas
that include: Point Defiance Park, the Ruston-Old Tacoma residential and
commercial area, downtown Tacoma (especially high rise office buildings),
Northeast Tacoma (including Hyada Park on Browns Point, Browns Point Heights,
and Harbor View Ueights). The esthetic quality of the bay and associated
amenities is also enjoyed by boaters, some of which utilize local marinas for
moorage.

3.03 Elliott Bay.

a. Physical Environment.

(1) Geology. Figure 3.10 shows the locations of the existing DNR
site at Fourmile Rock and the proposed preferred and alternate sites in
Elliott Bay. Soils in the southeast harbor of Elliott Bay consist of three
distinct layers of river and bay sediments, primarily deposited from the
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Duwamish Waterway, overlaying a sloping bed of dense incompressible glacial
till. The top sediment layer, ranging from 10 to 20 feet thick, is a rich
organic silt. The second layer, approximately 30 feet deep, is a loose,
silty, fine, unconsolidated, compressible sand. The third layer is a very
soft, compressible gray silt. The glacial till is about 90 feet below the
existing three-layer mud bottom. The top of the till slopes downward from
elevation -50 feet below MLLW to below elevation -230 feet. No unique
landforms or mineral deposits are located in the harbor area.

(2) Water Quality. Elliott Bay is a typical estuarine system with a
surface layer of brackish or low-salinity water over a deeper layer of more
saline water. During the summer, density stratification is present but a
strong pycnocline is not present. In the winter, colder freshwater from the
Duwamish Waterway mixes with the warmer saline waters, preventing stratifica-
tion. Water column chemical constituents tend to be rather variable.

Water quality standards have been established and are regulated by the Ecology
for marine and freshwaters of the State. The waters of Elliott Bay east of a
line from Pier 91 to Duwamish Head are classified as Class A ("very good") by
State standards. The waters to the west of this line are Class AA waters
("extraordinary"). Waters of the Duwamish River are designated Class B, which
influence the water quality conditions in the area of the preferred disposal
site. Water quality in the area of the preferred disposal site is influenced
by mixing of fresh and saltwater, as well as circulation patterns and point
source effluents. Surface flows from the Duwamish are shown to primarily hug
the east shore of the bay. Therefore, pollutants introduced from the Duwamish
will pass through the site and some accumulation in bottom sediments would be

U' expected.

As with other classes of water, concentrations of toxic or deleterious mate-
rial shall be below those which cause acute or chronic conditions. Provided,
however, that within established dilution zones water quality criteria shall
not apply, but dilution zones will be restricted in area and will be limited
to not cause acute conditions.

Using the Ecology water quality standards, water quality in the area of the
preferred site is generally good; however, standards are exceeded for coliform
bacteria and occasionally for temperature and dissolved oxygen. Water charac-
teristics vary seasonally in response to freshwater runoff from the Duwamish
River and snowmelt. Due to high fecal coliform levels, and bacteria levels
commercial shellfish harvesting is banned by the State in Elliott Bay.

Dissolved oxygen levels are highest in the spring (10 mg/l) and lowest in the
fall (6.2 mg/l). Dissolved oxygen supersaturation is frequent during the time
of maximum phytoplankton production. A decrease in oxygen levels during the
fall can probably be attributed to the decomposition of the plankton blooms.
Oxygen levels during these periods occasionally fall below the State stan-
dard. The lowest values were below the standard for Class AA waters, but do
not approach the 5 mg/l minimum set by resource agencies as harmful to
migratory fish.
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Water temperature fluctuates with season and depth. Higher temperatures (13
to 15 degrees C) are found in surface waters during August. Low temperatures
(6.5 to 9 degrees C) occur during January and February. This variability is
attributable to changes in mean monthly air temperatures, the amount of
freshwater runoff, and vertical mixing.

Salinity varies with runoff and precipitation. Surface salinity is higher
during late summer, decreasing after winter rains and spring snowmelt. High
discharge volumes of freshwater from the Duwamish River cause strong density
stratification and low salinity surface layers. Salinity values range between
25 and 30 ppt annually.

Chemicals of concern are present in Elliott Bay waters. These include organic
chemicals such as PCB's and PAH's, inorganic chemicals such as metals, bio-
logical contaminants, and mixtures of these contaminants. Organic compounds,
many insoluble and toxic to aquatic organisms, are often found in the sea
surface microlayer (Word, et al., 1986; Hardy and Cowan, 1986). For inorganic
chemicals, of most concern are the heavy metals such as: copper, lead, zinc,
cadmium, arsenic, and mercury. Also important as a potential concern is the
increased usage of tributyltin compounds in antifouling marine paints,
although no problems from these compounds have been identified in Elliott Bay
to date. Biological contaminants include bacteria and viruses.

Contaminants may enter Elliott Bay through industrial discharges, sewage
effluent from West Point, combined sewer overflows, from point source and
nonpoint source discharges into the Duwamish River, and from nonpoint sources
such as storm water runoff and discharges from recreational and commercial
vessels. According to the PSWQA (1986), point sources are clustered in S
industrialized urban areas. There are sixteen permitted discharges into
Elliott Bay and an unknown amount of contamination enters from unpermitted
sources.

Many chemicals of concern tend to remain in the water column where they are
dispersed by mixing and circulation out of Elliott Bay. Many chemicals also
adsorb to particulates and either float to the surface or are deposited in
sediments. Flocculation and stripping of chemicals by suspended particulate
matter and dissolved organic carbon is an important contaminant pathway in
rivers such as the Duwamish River flowing into Elliott Bay.

(3) Currents and Sediment Transport. Puget Sound's main basin, which
Elliott Bay adjoins, has a midchannel prevailing flow (figure 3.11) that is
generally northward at depths shallower than approximately 60 meters, and
southward at greater depth. As Elliott Bay is entered from midchannel, the
prevailing flows generally become weaker and more variable in direction.

The surface layer, containing a substantial amount of freshwater from the
Duwamish River, flows northward (counterclockwise), along the Seattle water-
front in the depth range of approximately 0-5 meters (0-16 feet). Below
mid-depth, the prevailing flows are weak and erratic, but on average they
appear to flow south-southwest toward the head of Elliott Bay. The peak speed
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of the near-bottom current is less than 15 centimeters per second, well below
the 25 centimeters per second threshold believed necessary to resuspend a
significant amount of dredged material.

In the vicinity of Fourmile Rock, the upper 5 meters of water generally
continue to flow toward the north. At greater depth, there appears to be a
northward flow that merges with the prevailing flow located toward mid-
channel. Peak near-bottom current speeds of 37.5 cm/sec at Fourmile Rock were
measured, indicating that some bottom sediments may on occasion be resuspended
and transported to the northwest.

(4) Marine and Estuarine Sediments. The primary source of suspended

sediment in Elliott Bay is the Duwamish River. Annual sediment discharge is
approximately 90,000 c.y. (Downing, 1983). In general, the sediments that
settle to the bottom in inner Elliott Bay consist of very fine grained mate-
rial. Coarse sand is found in the vicinity of the west waterway, but the
sediment grades into very fine sand and coarse silt as depth increases. The
percent clay in most of the inner bay varies from 9 percent to 12 percent,
with values increasing with increasing water depth. Sediment cores indicate
that sediments deposit on the bottom of Elliott Bay at the rate of approxi-
mately 1 centimeter per year (Lavelle, et al., 1986).

The presence of mud, vascular land plants, wood debris, and freshwater pennate
diatoms indicates the influence of the Duwamish Waterway on the southeast
portion of Elliott Bay. High concentrations of wood in the shallower depths
enhances the high hydrogen sulfide content and blackened sediment that charac-
terizes sites adjacent to piers and pilings found in this area. The grain

size distribution of bottom sediments at Fourmile Rock ranges from fine sand
in shallow areas to coarse silt in deeper water. Within the disposal site the
sediments show a high amount of coarse sand and wood debris, blackened color,
and a hydrogen sulfide (H2S) odor. Such sediments are typical of the Duwamish
Waterway. Disposal at Fourmile Rock has altered the natural coarse/fine
silt/clay sediments to coarse/fine sands due to Duwamish maintenance dredging.

The presence of coarse sand and shell debris from shallow living organisms in
deep sediments in the western portion of Elliott Bay suggests the role of
sediment displacement from Duwamish Head into the bay. Similar transport
occurs off West Point.

The wave and tidal-influenced shallow shelf habitats outside Elliott Bay are
characterized by compacted fine gray sands with silt contents less than 5
percent of the total sediment content.

Studies by Stober and Chew (1984) for METRO indicate that sediments are
degraded in much of the PSDDA selected site and generally throughout Elliott
Bay, including the Fourmile Rock disposal site. Sediments analyzed from the
preferred site demonstrated elevated levels of organic chemicals and metals,
as well as toxic responses in bioassays conducted (Dexter, et al., 1984).
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Sediment tested for toxicity inside the Fourmile Rock disposal zone and in the
vicinity of the zone to the south demonstrated a toxic response in a study
conducted by Stober and Chew (1984), whereas a more recent study by Battelle
(1986) found lower toxicity responses from the same areas by comparison. Both
studies confirm that sediment qualities in the area of the Fourmile Rock site
including the alternate PSDDA site have been degraded by past disposal
practices.

(5) Air Quality. The following summaries are based on the PSAPCA Air
Quality Data Summary for Elliott Bay in 1985. For carbon monoxide (CO), three
of nine Seattle stations violated the 8-hour average CO standard of 9 ppm (10
micrograms/cubic meter) at least twice during 1985. However, over the past
several years, though the Puget Sound area has not attained the CO standard,
improvement in levels for this pollutant is clearly evident. Lead concentra-
tions measured at Seattle stations were lower than the ambient standard of 1.5

micrograms/cubic meter, except for one Harbor Island station, reflecting
effects from closure activities at a lead smelter south of station. Sulfur
dioxide levels at the two Seattle stations did not violate the national stan-
dards. Relative to ozone, there are no stations in the Elliott Bay region, as
high ozone levels normally occur only some distance downwind of the Seattle
area. No measured ozone levels in King County exceeded the 0.12 ppm stan-
dard. Nitrogen dioxide levels were within the standard of 0.05 ppm. Sus-
pended particulate stations in the Seattle Duwamish valley showed that values
exceeded the primary standard of 75 micrograms/cubic meter (for particulates
smaller than or equal to 10 micrometers).

Based on an air quality analysis conducted for the Pier 91 expansion EIS (Port
of Seattle, 1982), a background carbon monoxide level was determined. The
ambient CO background was estimated at 2.3 ug/m3.

The Pollutant Standards Index (PSI), a nationally uniform index for daily air
quality reporting, associates pollutant levels in a 24-hour period with
potential health effects. When the PSI is above 100 the measured pollutant
level (of CO, suspended particulates, and/or sulfur dioxide) exceeds the
national primary air quality standard. For Seattle PSI was exceeded 13 days
during 1985.

b. Biological Environment.

(1) Benthic Communities.

(a) Intertidal/Shallow Subtidal Communities - North Elliott Bay
Shoreline. This shoreline is located approximately 1.7 nautical mile (nmi)
northwest of the selected disposal site, and less than 1 nmi northeast of the
alternate site near Fourmile Rock. The marine biology of the area is well
described in the Corps EIS for the proposed Elliott Bay Small Craft Harbor
(Corps, 1987). The following discussion is taken from that EIS.

The north shoreline is characterized by one intertidal habitat type and three
major subtidal habitat types. The intertidal habitat ranges in bottom eleva-
tion from +11 feet MLM (mean lower low water) to -4.5 feet MLIW. The +6 foot
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bottom elevation is considered the upper limit of prime habitat. The shallow
subtidal habitats range from -4.5 feet to -8.0 feet MLLW, whereas the deep

subtidal habitats exist deeper than -8.0 feet MLLW. The intertidal habitat
has a wide range of substrate types, ranging from sand, cobble, boulders, to a
clay hardpan. The reader is referred to the Regional Setting for central Puget
Sound benthic communities for a description of typical species dominants
within each habitat type (section 3.01b(l)).

Geoduck clams can be important commercially, however due to fecal coliform
values in excess of State water quality standards for Class AA waters, com-
mercial harvests are banned by the State in Elliott Bay. Reconnaissance dives
associated with the Elliott Bay Marina Project indicated the presence of these
clams west of Pier 90/91. Seasonally corrected counts averaged about 1,150
clams/acre (convert to hectares). Based on WDF criteria (1973) these counts
are too low for commercial harvesting (i.e., low counts - 2,400 clams/acre).

(b) Piling/Riprap and Shallow Soft Bottom Communities - Altered
Shoreline Pier 90/91 southeast to Harbor Island. These communities are gen-
erally described in several publications, including the U.S. Navy DEIS for the
Carrier Battle Group (CVBG) Homeporting in the Puget Sound Area, Washington
State (U.S. Navy, 1984) and the Port of Seattle DEIS on alternative uses for
Terminal 91 (POS, 1980). Most of the shoreline has been extensively altered
for port related activities. Piling/riprap communities described herein are
typically similar with small variations throughout Elliott Bay. Intertidal
and subtidal communities in and around the slips of Terminal 90/91 consist of
piling, riprap, and soft bottom communities. Lists of species, their loca-
tions, preferred habitat, and relative abundance in Elliott Bay are provided
in the U.S. Navy DEIS for the proposed Puget Sound Homeport (U.S. Navy, S
1984). On the apron pilings, barnacles (Balanus sp. and B. glandula),
hydrozoans and ectoprocts are generally dominants. The polyclad flatworm
Notoplana spp. and the polychaete Paleanotus bellis are found in moderate
numbers scattered throughout the piling habitat. Balanus larvae have been
identified as being a food source for juvenile salmonids. Exhibiting somewhat
patchy distributions, the blue mussel (Mytilus edulis) and the anemone,
Metridium senile exhibit heavy concentrations on some pilings. Riprap
substrates under Terminal 90/91 and other similar habitats typically have much
lower abundances and species diversity than adjacent habitats. Dominant
organisms are Balanus spp. and ostracods.

Soft bottom habitats within and adjacent to the piling/riprap habitats are
dominated by polychaetes and molluscs. Polychaetes normally include Tharyx
sp., Nephtys cormuta franciscana, and Boccardia proboscidea, whereas mollusca
species such as Axinopsida serracata and Macoma spp. are typically dominants.
Crustaceans are usually found in low densities.

Macrophytes typically found on pilings represent three algae phyla; green
algae (Ulva, Enteromorpha), brown algae (Laminaria, Fucus), and red algae
(Rhodophya).-
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(c) Intertidal/Shallow Subtidal Benthic Communities - Duwamish
Head Vicinity/South Shoreline. Marine benthic habitat types found in this
vicinity are similar to those previously described for the north Elliott Bay
shoreline. Aquatic macrophytes tend to be concentrated on riprap, rocks, and
concrete fragments. Dominant species include the following: sea lettuce (Ulva
lactuca), rockweed (Fucus distichus), sugar wrack (Laminaria saccharina),
bull kelp (Nereocystis luetkeana), seersucker (Costaria costata). Small beds
of bull kelp (less than 1 acre total) occur at several locations subtidally
along the shoreline.

Typical infauna include butter clams (Saxidomus 1ganteus), littleneck clams
(Protothaca staminea), and macoma clams (Macoma spp.) and several families of
polychaetes (Terebellidae, Capitellidae, and Glyceridae).

Common epifauna on rock substrates include barnacles (Balanus glandula),
snails (Littorina spp.), isopods (several species), and chitons (several
species). Organisms commonly found under rocks include shorecrabs (Hemigrapsus
oregonensis, H. nudus), the purple shorecrab (Petrolisthes eriomerus), red

rock crab (Cancer productus), numerous sea urchins, and gunnels. Less common
is the skeleton shrimp (Caprellidae). In the high intertidal zone, large
rocks and pilings provide habitat for barnacles, sea anemones, and mussels
(Mytilus edulis).

(d) Benthic Communities - Preferred Site and Alternative Site.
Site specific benthic studies were conducted by the Waterways Experiment
Station in Elliott Bay during June 1986 (see Clarke 1986; DSS TA). These
studies were conducted as part of the BRAT (Benthic Resources Assessment

i4 Technique) evaluation of demersal fish feeding habitat potential. The reader
is referred to paragraph 3.03b(3)(e) for a discussion of the results of the
fish feeding habitat analysis. The selected and alternate sites exhibited
fine textured bottoms of predominately coarse silt and clay contents greater
than 12 percent.

In general the results from both sites depicted benthic infaunal communities
dominated by large polychaetes (Maldanidae, Terebellidae, Onuphidae) and
bivalve molluscs (Axinopsida and Macoma). Taxonomic compositions differed
between the two sites, with polychaetes comprising 51 percent of the total at
the selected site and 35 percent at the alternate site. Molluscs made up 39
percent of the total at the selected site, whereas they comprised 58 percent
of the biomass at the alternate site. Crustacean biomass was uniformily low
at the two sites at 4 and 7 percent of the preferred and alternate totals
respectively. Variations in biomass distribution among stations reflect the
patchy distribution of benthos typically documented in benthic investigations
(Johnson, 1972; Rhoads, McCall and Yingst, 1978) (figure 3.12). Depth parti-
tioning of benthos (i.e., within the sediment core collected) at each station
indicates that most of the biomass is concentrated within the upper 10 centi-
meters of the sediment, generally within the upper 5 centimeters (figure
3.4). Infaunal biomass measurements were similar in magnitude between the two
sites in Elliott Bay. Average total benthic biomass (i.e., O-15cm cumulative
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depth) was 42 g/m and 45 g/m2 at the selected and alternate site respectively,
although the selected site is located in water some 300 feet shallower than
the alternate site (260 feet to 560 feet).

In an area just west of the selected site Word, et al. (1984), documented a
depression in benthic species and individuals at depths between 400 and 500
feet from Alki Point to Duwamish Head. The area reflecting a depression in
abundance and species including the selected site is in a region where
increased quantities of conventional chemical contaminants have been docu-
mented. Word, et al. (1984), observed a trend of decreasing numbers of taxa
and abundances with increasing depth in Elliott Bay (figure 3.13(a-b)),
although there does not appear to be a corresponding decrease in biomass with
depth (Striplin, personal communication 1986). This suggests that average
infaunal size increases with depth, which may be a reflection of the generally
lower frequency of physical disturbance allowing the establishment of stable
"equilibrium" type (stage III) communities dominated by larger, long lived
species typical of those observed during the June benthic sampling cruise.
The fall 1985 SVPS survey of the inner Elliott Bay ZSF and the ZSF at Fourmile
Rock also characterized these areas as a dominated largely by stage Ill
(equilibrium) communities, although the Fourmile Rock ZSF also showed stage I
communities (pioneering species) characteristic of disturbed bottoms (SAIC,
1985; Cooper Consultants, 1986; DSS TA). RPD depths averaged 1.2 cm and 11.5
cm respectively at the Fourmile Rock and Inner Elliott Bay ZSF's. In general
the RPD depth increased with increasing distance from the Fourmile Rock
disposal site demonstrating apparent disposal impacts on the benthos. Dredged
material was obser7ed in photographs taken at stations in the vicinity of
Fourmile Rock disposal site, with benthos dominated largely by stage I

0 communities.

(e) Crab and Shrimp Resources In and Near the Alternative Dis-
posal Sites. Crab and shrimp resources in Elliott Bay were sampled by beam
trawl in the selected and alternate sites during February, June, and
September, 1986 by the University of Washington (Dinnel, et al., 1986a).
Dungeness crabs were absent from all trawls in February, even though commer-
cial crab pots were observed just north of the alternate disposal site.
Average densities of shrimp were highest at the preferred site (300/ha) as
compared to the alternate site (44/ha) (figure 3.14a).

In June, again no Dungeness crabs were caught at either disposal site and only
two were caught elsewhere, at the shallow stations near Duwamish Head. Shrimp
average densities in June were the reverse of the February situation, with 81
shrimp/ha at the preferred site and 175/ha at the alternate site (figure
3.14b). Shrimp catch calculations (from otter trawl data) for the selected
and alternate sites were 1.14 kg/ha, and 0.39 kg/ha respectively.

In September, again, no Dungeness crabs were caught at either potential dis-
posal site and only two crabs, both nongravid females, were caught at sampling
sites in Elliott Bay. Both of these were caught in shallow water off Duwamish
Head. However, high densities of shrimp were found at beam trawl stations
located in the shallower southern portion of the selected site, and in nearby
stations located outside the site. Shrimp densities at the two highest beam
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trawl stations were 843 and 543 shrimp/ha, with an average density of 322

shrimp/ha at the site (figure 3.14c). Average densities at the Fourmile Rock
alternate site were 44 shrimp/ha (figure 3.14c). Catches were dominated by
pink shrimp (Pandalus borealis) with a few of the larger spot prawn (Pandalus
platyceros) and side-stripe shrimp (Pandalopsis dispar) in evidence. The
otter trawl was more efficient at catching shrimp, with average densities of
885/ha for the preferred site, and 80/ha for the alternate site. Otter trawl
shrimp catches in Elliott Bay during September in the preferred and alternate
(Fourmile Rock) sites were 4.8 and 0.6 kg/ha respectively.

The data suggest that the shrimp migrate into inner Elliott Bay during at
least two seasons of the year, winter and fell. In general, shrimp densities
were highest at the disposal sites compared to the nearshore reference sites,
which is primarily a result of depth related partitioning of species. See
section 3.02b(l)(c) (Commencement Bay) for a discussion of depth (figure 3.6)
distributions for each species and their sizes.

Comparisons of all catch figures with estimated average shrimp catches (otter
trawl) from Hood Canal and other areas of Puget Sound (table 3.2) indicate
that the selected site has shrimp quantities that could support a limited
commercial fishery. However, fishing there would be difficult due to high
usage of the area by an Indian commercial fishery, high shipping activity and
the presence of anchorage areas. The value of the shrimp for human consump-
tion Is suspect due to the potential for shrimp bioaccumulation of sediment
contaminants (Word, et al. 1984; Stober and Chew, 1984). The main value of
these shrimp stocks may be in supplying recruits to other areas of Puget Sound
(Dinnel, et al., 1986a).

(2) Plankton Communities. Phytoplankton and zooplankton communities
are generally ubiquitous throughout Puget Sound but exhibit tremendous spatial
and temporal variations in species composition and abundances. The reader is
referred to section 3.Olb(2) for a general discussion on bloom periods and
taxonomicispecies succession.

(3) Anadromous and Marine Fishes. Elliott Bay provides both marine
and estuarine environments for a variety of resident and migratory fish. Over
110 species are known to exist within the area. There is considerable infor-
mation on anadromous and marine fish, especially in and around the Duwamish
estuary, Pier 91, and at existing or proposed Metro sewage outfalls (U.S. Army
Corps of Engineers, 1979, 1980, 1981; Port of Seattle, 1976, 1980a, 1980b,
1980c, 1981a, 1981b, 1982a, 1982b, 1982c; U.S. Fish and Wildlife Service,
1981; Metro, 1977; Buckley et al., 1984a, 1984b).

Salmonid species that migrate through the Elliott Bay/Duwamish estuary system
include chinook (Oncorhynchus tshawytscha), chum (Oncorhynchus keta) and coho
(Oncorhynchus kisutch) salmon, and steelhead (Salmc gairdnerii) and searun
cutthroat (Salmo clarki) trout, as well as searun Dolly Varden (Salvelinus
malmo). Pink salmon (Oncorhynchus gorbuscha) juveniles are also present in
Elliott Bay (even numbered years only); however pink salmon originate from
outside the bay.
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Relative to timing, adult salmonid migrations into the Green-Duwamish River
system occur year-round, but mainly during the period from July through
December. Juvenile outmigration from the Green-Duwamish system occurs
principally from mid-February through mid-July, but small numbers of juveniles
may outmigrate throughout the year. Temporal patterns of habitat utilization
in the Green/Duwamish River system are shown in figure 3.15.

(a) Adult Salmonids. There are two races of chinook salmon, the
spring-summer run and the fall run varieties. The spring run enters the
Duwamish River in late May, whereas the fall run chinook begins in late June
and continues through October and sometimes into November. The peak fall run
occurs between August and October. Approximately 60 percent of the production
results from artificial enhancement primarily from the WDF Soos Creek Hatch-
ery, Muckleshoot Tribal Hatchery, and a sports fishermans co-op. Blackmouth
(nonmigratory chinook) reside in the sound year-round. Total chinook escape-
ment was estimated to be between 10,900 to 20,200 fish for the the period
1966-1971, averaging about 15,100 fish annually. The Green River Hatchery has
documented as many as 31,729 adult returns since 1960, with an average return
between 1966-1971 of 8,500 fish per year (Williams et al., 1975).

The coho spawning season begins in August and normally extends through
December with peaks in September and October. The vast majority of these fish
are hatchery produced. Total coho spawning escapements (natural plus artifi-
cial) to the Green-Duwamish River system were estimated to range from 15,900
to 64,000 fish between 1966 and 1971, averaging about 43,500 fish per year
(Williams et al., 1975). The WDF hatchery on Soos Creek documented as many as
55,868 coho during a single season (Williams et al., 1975). The chum salmon
run begins in early November and extends to late December or early January.
Nearly 100 percent of these fish are hatchery produced, the majority origina-
ting from the Muckleshoot Tribal Hatchery. Chum salmon escapements are
estimated to have ranged from 4,400 to 22,100 fish from 1966 to 1971,
averaging about 11,300 fish per year during this period (Williams et al.,
1975). Summer run Steelhead trout migration extends from April to July. The
winter run migration begins in November, peaks in Jaunary, and extends to
March or April. Sea-run cutthroat trout migrate upriver during the winter
months, overwinter in fresh or estuarine waters after spawning, then out-
migrate in early spring or summer. A greater percentage of their life history
is spent in estuarine habitats then other anadromous salmonids. Dolly Varden
migrations are local and occur between spring and summer. Their presence in
Elliott Bay is incidental as the majority of the population is confined to
freshwater.

(b) Juvenile Salmonids. The length of residency or time that
juvenile salmonid fish remain in Elliott Bay and the Duwamish Waterway varies
considerably among species and samDling areas. Meyer, et al. (1981), indi-
cates that chinook and chum are present for the longest period, compared to
other salmonids, in the lower Duwamish River. Coho and steelhead spend much
less time in the estuary and move fairly rapidly to marine waters.
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Chinook juveniles are present in Elliott Bay from March to July with peak
numbers from late May to June. They tend to concentrate along the shoreline
during their early estuarine residence and later move offshore to feed. The
majority of the juvenile chinook are derived from the Green River system. The
majority from this system are from the Soos Creek Hatchery, although the
Muckleshoot Tribe releases substantial numbers each year.

Coho salmon juveniles are found in Elliott Bay from late April to early June.
Because they are yearlings they can utilize pelagic food sources and are able
to move offshore and migrate rapidly out of the area. Most of these fish
originate from the Soos Creek Hatchery.

Chum salmon populations are reduced due to predation on fry by hatchery reared
juvenile coho, although other factors are also significant. The Muckleshoot
Tribe plans to release several million fry each year. The juveniles are found
in Elliott Bay from late April to June. Substantial numbers may originate in
southern Puget Sound, where large runs still exist. As chum juveniles follow
the shoreline extensively, those originating from south sound would be
expected along the Elliott Bay shoreline.

No pink salmon run exists in the Green River. Pink salmon juveniles present
in Elliott Bay most likely originate from southern Puget Sound rivers. Steel-
head juveniles from the Green River system migrate rapidly through Elliott Bay
and out of Puget Sound. Sea-run cutthroat juveniles occur only sporadically
throughout the bay. Little is known about their life history and movements
within Elliott Bay.

Food web elements have been particularly well-defined for the salmonids.
Research from studies conducted elsewhere in Puget Sound suggests that chum
salmon descending the Duwamish River begin feeding in the estuary on epi-
benthic prey. When they reach a length of 45-50mm, they tend to shift to
pelagic prey. Chum salmon juveniles, in turn, may fall prey to predation by
larger juvenile coho, steelhead, and sculpin. Juvenile coho and chinook have
a more diverse diet spectrum. Their prey consists of riverborne insects,
small crustaceans, and juvenile fish. They will also fall prey to larger
fish, such as more mature salmon and trout (Dexter, et al., 1981; Salo, et
al., 1980).

(c) Inshore Marine Fish. Marine fish life histories and distri-
butions in Puget Sound are well described in several publications, most
notably in Miller (1980). The most common species found along Elliott Bay
shorelines are: shiner perch (Cymatogaster aggregata), English sole
(Parophrys vetulus), rock sole (Lepidopsetti bilineata), flathead sole
(Hippoglossoides elassodon), Dover sole (Microstomus pacificus), Pacific
tomcod (Microgadus p s), walleye pollock (Thergra chalagramma), quillback
rockfish (Sebastes maliger), and Pacific staghorn sculpin (Leptocottus
armatus) (Port of Seattle, 1976; Miller, 1980). The most common surface
dwelling fish are herring and salmon species.
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(d) Bottomfish Resources in the Disposal Sites. Bottomfish
distribution and abundance at the preferred and alternate disposal sites were
studied by the University of Washington School of Fisheries and Fisheries
Research Institute during February, June, and September, 1986.

In February, bottomfish catches were generally small with the exception of 10
large Dover sole (Microstomus pacificus) caught near the alternate disposal
site. In June, more bottomfish were caught at the preferred site than the
alternate site. The average catch per trawl at the preferred site was 53 fish
representing 15 species, compared to 15 fish per trawl and 7 species at the
alternate site. Slender sole and blackbelly eelpout dominated the preferred
site catches while slender sole and Dover sole dominated the alternate site
catches.

In September, the catches at both disposal sites were larger than the catches
during June. At the preferred site, the average catch per trawl was 59 fish
representing 18 species, while at the alternate site, the average catch per
trawl was 90 fish, representing 13 species. Dominant species at the alternate
site were ratfish and English sole, while blackbelly eelpouts, slender sole,
and flathead sole dominated the preferred site.

In general higher abundances of fishes observed at the preferred site are
likely the result of the preferred site's relative shallowness and proximity
to fresh water (Duwamish River). However, there are no significant popula-
tions of recreationally or commercially important bottom fishes either as
juveniles or adults at either disposal site in Elliott Bay.

(e) Foodweb Relationships: BRAT Assessment of Bottomfish
Feeding Habitat Values in Disposal Sites. The reader is referred to section
3.02b(3)(e) for an overview of the rationale and description of the BRAT
analysis. Bottomfish feeding strategy groups identified through the BRAT
field studies conducted by the Waterways Experiment Station during June/July
1986 are summarized in table 3.3 (see Clarke, 1986; DSI TA). Four feeding
strategy groups were identified that appeared to be exploiting infaunal
benthos heavily, and were primarily represented by Dover sole and English
sole. Figure 3.16 illustrates the distribution and amount (g/m2-wet biomass)
of potential benthic food available to each of the four feeding strategy
groups at each site in Elliott Bay. Benthic resource values were generally
similar between preferred and alternate sites for each feeding strategy group
(table 3.4). Average benthic habitat food values ranged from a low of 12.1
g/m2 (Group IIA) to a high of 21.2 g/m2 (Group IIB) at the preferred site, and
13.5 g/m2 (Group IIA) to 24.0 g/m2 (Group hIB) at the Fourmile Rock alternate
site. An examination of the diets of bottomfishes collected in Elliott Bay
indicated that they were feeding predominately on polychaetes and bivalve
molluscs, closely paralleling results previously discussed for benthic
infaunal compositions (section 3.03b(l)(b)).

(4) Marine Mammals. All of the marine mammals found in Elliott Bay

are migratory and have wide distribution patterns. Therefore, they are dis-
cussed in the regional setting section. The reader is referred to the regional
marine mammals section 3.01b(4) for this discussion.
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(5) Water Birds. The open waters of Elliott Bay are generally noted
as areas of significance for overwintering canvasbacks and greater scaups
(Brunner, Ken, 1986, Corps; personal communication). Other common waterbirds
include grebes, gulls, scoters, goldeneyes, and cormorants. These birds are
also present, sometimes in large flocks, in Puget Sound off of West Point and
Alki Point. Harlequin ducks are also occasionally present. Paralleling
exposed shorelines and within the lower intertidal zone, loons red-breasted
mergansers, horned grebes, and cormorants dive for fish. Frequently, these
species are presumed to feed among kelp beds or along rocky bottoms over
intertidal shelves. Few waterbirds nest near Elliott Bay. Three pairs of
pigeon guillemots nest in the bank along the south bluff of Discovery Park.
Other nesters include small numbers each of mallards, Canada geese, great blue
herons, and glaucous-winged gulls.

Protected bays within and near Elliott Bay offer sanctuary to resting buffle-
heads, grebes, goldeneyes, and scoters in addition to providing feeding
habitat. Shorebird use in Elliott Bay is low relative to Commencement Bay--
there are few intertidal areas on which shorebirds can feed, or log rafts on
which shorebirds can rest. The Duwamish Waterway is probably the best area in
Elliott Bay for shorebirds; however, use of Duwamish habitats by shorebirds is
low. Smith Cove is another intertidal area that receives shorebird use. In
late summer, terns and gulls are common at the mouth of Shilshole Bay, where
they feed on small fish and rest on pilings and log rafts.

(6) Endangered and Threatened Species. The nearest bald eagle nests
to Elliott Bay are one on Bainbridge Island and at least one (and perhaps
three) nest(s) along Lake Washington. Bald eagles are regularly sighted
flying over or perching in trees in Discovery Park. Bald eagles are present
in the area throughout the year, though they are relatively uncommon.

Peregrine falcon sightings in the Elliott Bay vicinity are rare. There is no
good habitat or prey base for peregrines in this area.

Gray whales are regularly observed near Elliott Bay (Everitt, et al., 1979).
They do rot stay in a particular location for long, though they appear to stay
in Puget Sound for extended periods. It is not known whether these stragglers
eat while in Puget Sound.

Humpback whales were once commonly sighted in Puget Sound, but sightings have
been rare since the 1940's. Two sightings have been made in recent years near
Elliott Bay, one in 1976 and one in 1978 (Everitt, et al., 1979). The first
sighting was of two animals that were breaching and observed from the
Seattle-Winslow ferry. The second sighting was of four animals observed from
Fauntleroy. Though these sightings are hopeful, a comeback to historic num-
bers by this species is considered remote and more than occasional sightings
are not expected.

The BA's prepared for the PSDDA Phase I study area are attached in exhibit A.
More detailed descriptions of the Elliott Bay threatened and endangered
species, and their habitat, are provided in the BA's.
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c. Human Environment.

(1) Social Economic. The primary dredging areas that would use the
Inner Elliott Bay unconfined open-water disposal site include portions of
Kitsap County, most of King County, and the cities of Seattle, Bremerton, and
Port Orchard. King County is the largest county in the State with a popula-
tion of 1,346,400 in 1985. Population growth over the last decade has been
due to a variety of economic factors including expansion by Boeing and
establishment of high-technology companies. Population forecast by the
Washington State Office of Financial Management show the population of King
County increasing to 1,601,700 by the year 2000. Major port redevelopment
continues to occur along Elliott Bay and along the lower Duwamish River.
Waterborne commerce through Seattle Harbor has increased from 15,008,000 short
tons in 1975 to 20,300,000 short tons in 1984.

(2) Navigation Development. The lower 6 miles of the Duwamish River
basin is the center for manufacturing distribution and port activity in
metropolitan Seattle. About 7,000 acres of highly industrialized former
tideflat area were developed in the early 1900's due to their proximity to the
Seattle central business district. Other areas, located at both the south and
north ends of Elliott Bay and extending over 2.5 miles of waterfront, have
also been developed to accomodate waterborne commerce. Virtually all of the
historical wetlands existing in Elliott Bay have been modified through
development (table 3.5).

The existing Duwamish River waterways, all federally maintained, are described
below:

4. o East Waterway. This channel, appfoximately 1.1 miles long and 750 feet
wide, is maintained to a depth of 34 feet below MLLW.

o West Waterway. The West Waterway has the same authorized width and
depth as the East Waterway but is about 1 mile in length.

o Duwamish Waterway. Beginning at the confluence of the East and West
Waterways, the Duwamish Waterway extends upstream about 5.1 miles to the head
of commercial navigation. Depths and widths vary as follows:

Depth (feet Width

below MLLW) (feet)

West Waterway to 1st Ave South Bridge 30 200

1st Ave South Bridge to 8th Ave South Bridge 20 150

8th Ave South Bridge to Head of Navigation 15 150
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(3) Dredging and Disposal Activity.

(a) Historical Activity (1970-1985). During the period
1970-1985, approximately one-half of the dredging activity that occurred in
the Phase I study area took place in Elliott Bay and vicinity. Dredged mate-
rial amounted to approximately 8.4 million c.y. (table 3.6). Most of this
material was placed in nearshore disposal sites, although the Fourmile Rock
open-water disposal site was heavily used in the late 1970's and 1980's
(aproximately 4.6 million c.y. disposed at this site).

The largest amount of dredging (54 percent of total) in Elliott Bay and
vicinity over the 1970-1985 period was undertaken by diverse interests
including private developers, municipal governments, State agencies, and the
U.S. Navy. During this time the Corps dredged aproximately 2.2 million c.y.
(26 percent of total activity) and the Seattle Port approximately 1.7 million
c.y. (20 percent of total activity).

(b) Projected Activity (1985-2000). Over 10.5 million c.y. of
material are forecasted to be dredged in Elliott Bay and vicinity over the
period 1985-2000 (table 3.7). This includes Elliott Bay, the Duwamish River,
Lake Union, Lake Washington, as well as the western side of Puget Sound
including Eagle Harbor and Sinclair Inlet. The majority of the sediment to be
dredged is estimated to come from the Duwamish River (71 percent of total).

Unlike Commencement Bay where the Corps is projected to dredge 68 percent of
the material, Corps dredging activity in the Elliott Bay area will account for
only 40 percent of the total forecasted dredging volume. Most of the dredging
in the Elliott Bay and vicinity will be undertaken by the Port of Seattle and _

others.

(4) Native American Treaty Fishing. The Muckleshoot and Suquamish
Tribes have utilized Elliott Bay for a significant amount of their fishing
effort. In addition, the LImmi, Tulalip and Swinomish Tribes also fish in the
Elliott Bay area, and the Yakima Tribe additionally possess rights they could
propose to exercise in the future. Fishery activity of the unrecognized
Duwamish Tribe has not been documented.

Although the combined "usual and accustomed" fishing areas of the tribes
encompass a large area, salmon fishing has generally focused in a few loca-
tions. Reasons for this include concentration of returning fish populations,
suitable fishing conditions and limited interference from recreational and
commercial traffic. Both of the alternative Elliott Bay disposal sites occur
within areas of concentrated tribal fishing activity. (There is also an
extensive commercial Indian fishery in Lake Washington and the Green/Duwamish
River system.)

Tribal fishery in Outer Elliott Bay (that portion of the bay west of a line
from Terminal 91 to Duwamish Head, and east of a line from West Point to Alki
Point) can open from I July, and remain open until approximately 30 November
each year. During this time, fisheries open and close for chinook, coho and

3-62



chum salmon, and steelhead trout, depending on run sizes, timing, and other
management constraints. These tribal fishery openings and closure periods
vary from year to year. Tribal fishery managers are required to notify the
Washington Department of Fisheries of fishing openings and closures at least
24 hours in advance.

In Inner Elliott Bay (that portion of the bay east of a line from Terminal 91
to Duwamish Head) the tribal fishery also can open around 1 July. Here, it
can remain open until approximately 30 January. As in outer Elliott Bay, the
fisheries open and close to accommodate the management ot individual stocks of
fish entering the bay, and specific openings and closure periods vary from
year to year.

The July chinook fishery has primarily been an evaluation fishery, used to set
allocations for the intensive fishery that has begun in August. This fishery
usually peaks in August and ends in early September. The coho fishery usually
starts (and peaks) in September, tapering off somewhat In October. This latter
fishery has represented the bulk (as much as 60 percent of the Muckleshoot
catch) of the value of the tribal commercial catch.

In the Duwamish River, the tribal salmon fishery has opened around 15 July and
closed around 30 November. It usually opens again around 1 December for the
commercial steelhead fishery, lasting until around 1 February. The tribal
steelhead subsistence fishery has typically been open throughout the year,
depending on the availability of harvestable summer-run steelhead.

When fisheries open, they remain open 24 hours per day until closed. To
improve catch success, a large portion of the fishing effort occurs between
dusk and dawn. The number of days of fishing is adjusted according to the
estimated number of harvestable fish and expected fishing effort.

Tribal fishing can occur throughout Elliott Bay; however, their fishing
efforts may be focused at different locations within the bay depending on the
behavior of the species being targeted. For example, the chinook fishery
effort has often occured close to the shoreline, whereas the coho effort has
generally been located offshore and is more dispersed throughout the bay. The
only area that has not been routinely fished is that used by the Washington
State Ferry System. The ferry lanes are typically avoided to minimize
conflicts between boats and fishing gear.

Tribal regulations currently prohibit fishing within a 1,000-foot radius from
both the East and West Waterways. The closure is designed to provide relief
to milling nontarget species, as well as to minimize boat traffic and fishing
gear conflicts. One of the more concentrated areas of tribal fishing activity
in inner Elliott Bay is the area north of the mouth of the Duwamish Waterways,
outside of the regulated 1,000-foot closure areas. The PSDDA selected disposal
site for Elliott Bay begins 2,500 feet from the mouth of the waterways, and
thus is within this high-use tribal fishing area (figure 3.10). The surface
disposal zone is near the center of the disposal site, beginning about 4,000
feet from the mouth of the waterways. However it, too, is still within the
area of higher tribal fishing activity.
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(5) Non-Indan Commercial and Recreational Fishing. Elliott Ray
supports a number of non-Indian commercial and recreational fisheries activi-

ties. The following summary is based on the latest WDF catch statistics for
1985-1986 (Dale Ward, personal communication, WDF, 1987). In 1985, total
sport catches of chinook and chum salmon for Seattle-Bremerton were 33,019
fish. Comparative commercial catches of salmon were much smaller, totalling
3,679 fish in 1986. Bottomfish catches consisting of true (Pacific) cod,
English sole, and rockfish totaled 44,486 pounds in 1986 for Elliott Bay and
Bremerton collectively. WDF reported catches totalling 1,208 pounds for
herring and 28,059 pounds for surf perch (shiners) for Seattle and Bremerton
collectively in 1986. A limited commercial fishery for spot shrimp has
existed in Elliott Bay, although harvests of spot shrimp have been very low in
recent years (Magoon, 1977). No other shellfish species are harvested
commercially from the bay.

(6) Esthetic Setting. The esthetic setting in Elliott Bay is
primarily the bay itself, the boat traffic in the bay, and the background
islands and Olympic Mountain range. This setting can be viewed from the city
shoreline, from Magnolia tidelands to Duwamish Head, from the bluffs and hills
of Magnolia, Queen Anne, Capitol Hill, and West Seattle, from the Harbor
Island industrial area, and from tall buildings in the central business
district. Public access to the shoreline areas includes a small city ptrk
near Piers 90/91, Myrtle Edwards Park north of Pier 70, the city waterfront,
and the sidewalks near Duwamish Head in West Seattle.

3.04 Port Gardner.

a. Physical Environment.

(1) Geology. Figure 3.17 shows the location of the existing DNR
disposal site and the selected and alternate sites in Port Gardner. Figure
3.18 shows the location of the alternate disposal site proposed in Saratoga
Passage. Port Gardner is located regionally in the Puget Sound Lowlands
Geomorphic Province, which is a complex topographic and structural basin that
formed 2 to 3 million years ago (Hart Crowser and Assoc., Inc., 1986). The
lowlands have subsequently been repeatedly glaciated, resulting in the
accumulation of a thick sequence of overconsolidated and unconsolidated
sediments. The bedrock surface under these deposits varies considerably in
relief, but is estimated to be about 1,600 feet below the ground surface (Hart
Crowser and Assoc., Inc., 1986).

Quaternary age sediments mantle most of the Puget Lowlands and bedrock, and
are the product of deposition during repeated continental glacial ice advances
and intervening nonglacial periods. Deposits consist of stratified and
unstratified layers of clay, silt, sand, gravel, and cobbles. Ice from the
most recent glacial advance, known as the Fraser Glaciation, occupied the
Puget Lowlands 11,000 to 13,000 years ago. Ice at this time is believed to
have reached a thickness of 3,500 to 4,500 feet in Port Gardner. Consequently
these deposits are highly compacted by the weight of the glacial ice, and are
described as "overconsolidated glacial sediments" (Hart Crowser and Assoc.,
Inc., 1986).
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Delta sediments supplied from the Snohomish River overlie the overconsolidated
glacial material in the East Waterway, and the depth of these normally con-
solidated soils ranges from 20 to 30 feet to over 150 feet. The area in the
vicinity of the PSDDA alternate site extending to the selected site is gen-
erally overlain by 10 to 40 feet of deltaic silt, followed by an underlying
sandy silt layer with an apparent thickness of between 10 and 80 feet. The
soil below the deltaic sandy silt is undifferentiated glacial and nonglacial
deposits (Corps, 1986).

(2) Water Quality. Marine waters at Port Gardner are classified by
Ecology as Class A (-excellent") with waters in East Waterway classified as
Class B. At the present time however, Port Gardner is closed to shellfish
harvesting due to elevated coliform and toxic pollutant levels. Recent water
quality data is available from a Ecology sample station at Port Gardner
(Station PSS 008). Water quality data from station PSS 008 indicates a
temperature range of 8.6 degree C to 17.5 degree C with a mean of 12.8 degree
C. Surface salinities range from 15.4 ppt to 30.3 ppt with a mean of 26.5
ppt. Minimum salinity values are observed during periods of maximum fresh-
water runoff during late spring and early summer, when surface waters in Port
Gardner are influenced by the Snohomish River, and where salinities range from
0.1 to 23.7 ppt.

Dissolved oxygen standards set by Ecology allow DO levels to be lowered no
more than 0.2 ppm through anthropogenic activity, with a minimum of 5 ppm
(mg/l) minimum. Ecology data indicate DO ranges from 5.2 to 13.1 mg/l at Port
Gardner during the year, averaging 8.2 mg/l.

The pH in Port Gardner ranges from 7.1 to 8.3 throughout the year (Ecology,
1984). State standards allowable for Class B waters are 7.0 to 8.5 with a
variation allowance of 0.5 due to anthropogenic activity.

As with other classes of water, concentrations of toxic or deleterious mate-
rial shall be below those which cause acute or chronic conditions. Provided,
however, that within established dilution zones water quality criteria shall
not apply, but dilution zones will be restricted in area and will be limited
to not cause acute conditions.

Little information is available on distribution and concentration of trace
metals in the water column at Port Gardner. In 1976, the Corps collected
water samples from East Waterway, demonstrating measurable concentrations of
cadmium, chromium, lead and arsenic (Corps, 1976). In 1985, the Corps
collected samples from the East Waterway which were analyzed for chemicals of
concern. All parameters were below detection limits in the site water except
for Cu, Ni, Cd, Cr and Hg. The site water equaled or exceeded EPA Water
Quality Criteria (EPA, 1986) for Cu, Ni, and Hg in marine waters. Samples
were collected from near bottom waters, and may have been contaminated with
suspended sediments. Thus, these samples are probably not representative of
open waters in Port Gardner. Historically, high sulfide levels have been
recorded due primarily to waste water discharges from two pulp mills in the
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area. One is now regulated by a NPDES permit and the other has ceased
operation. Sulfide levels continue to decline as a result of these changes In
pulp mill operation.

Water quality data from Ecology (collected in 1982) indicate fecal coliform
counts exceed standards in Port Gardner during periods of high rainfall.
Consequently, shellfish harvesting is not permitted in Port Gardner. Samples
collected for U.S. Navy Homeport studies in Everett indicated that high levels
of fecal coliforms occurred in East Waterway during periods of essentially no
rainfall.

Probable contaminant sources to Port Gardner are industrial discharges, sewage
effluent, combined sewer overflows, and from nonpoint sources such as storm
water runoff and discharges from recreational and commercial vessels.
According to Puget Sound Water Quality Authority (1986), point sources are
clustered in industrialized urban areas. There are many permitted discharges
into Port Gardner and an unknown amount of effluent enters from unpermitted
sources.

(3) Currents and Sediment Transport. The prevailing flow in Port
Gardner merges with the southward flowing surface layer and the northward
flowing bottom layer found in Saratoga Passage. However, few data records are
available with which to document these patterns.

In the shallow surface layer, on the order of 10 meters (30 feet) deep, the
discharge from the Stillaguamish and Snohomish rivers generally flow southward
so as to merge with the shallow outflow from Saratoga Passage. Based on the

& 4 available data, the prevailing direction of surface and midwater currents in
central Port Gardner is toward the southwest.

The deeper layer originates offshore of Mukilteo and separates into two
branches: the main branch continues northward into Saratoga Passage, and a
minor, weak branch diverges eastward into Port Gardner. The flow continues
counterclockwise following the bottom contours around Port Gardner. The
prevailing flow of near-bottom currents in central Port Gardner is therefore
estimated to be northward and westward. Current measurements at the Port
Gardner disposal site, at the selected PSDDA site near the center of Port
Gardner and at the proposed Navy CAD site all indicate that near-bottom
current speeds rarely exceed 25 cm/sec and that the average speeds are a
sluggish 4-8 cm/sec.

(4) Marine and Estuarine Sediments. The primary source of suspended
sediment in Port Gardner is the Snohomish River. Annual sediment discharge is
approximately 346,000 c.y. (Downing, 1983). The predominant sediment type
found in most of the Port Gardner ZSF was medium and fine silt with the per-
cent clay greater than 15 percent. Sediments along the south and east ends of
the ZSF were coarser ranging from fine to very fine sand.

Sediment samples collected from East Waterway and vicinity have demonstrated
the presence of significant concentrations of various toxicants such as
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saturated hydrocarbons, aromatic hydrocarbons and polychlorinated biphenyls,
which have degraded the water quality in this area (Crecelius, et al., 1984).

Sediments in the Saratoga Passage ZSF were predominantly medium to fine silt,
whereas sediments along the margins of Camano and Whidbey islands consisted of
fine sand. Percent clays were generally greater than 15 percent within the
ZSF.

Studies by Battelle (1986) indicate that sediment quality was lowest in the
East Waterway and increased moving outside of the East Waterway toward the
PSDDA selected and alternate sites. Sediment quality indicators studied
showed loading primarily by organic chemicals and toxic biological responses,
thereby confirming the presence of degraded sediments throughout the Port
Gardner nearshore area (1986).

(5) Air Quality. The following summaries are based on the PSAPCA Air
Quality Data Summary for Port Gardner in 1985. CO measured at the single
Everett station did not exceed the eight hour average standard. Lead was not
measured in the Everett area during 1985. RelatJv- to sulfur dioxide there
were two incidents where standards were exceeded at the single Everett sta-
tion. There are no ozone stations in the Port Gardner region as high ozone
values exist some distance downwind of Everett. Nitrogen dioxide levels
measured in the Puget Sbund area have never exceeded the 0.05 ppm standard.
Suspended particulate measurements at the solitary station did not exceed the
primary standard (75 micrograms/cubic meter).

The Pollutant Standards Index (PSI), a nationally uniform index for daily air
quality reporting, associates pollutant levels in a 24 hour period with
potential health effects. When the PSI is above 100 the measured pollutant
level (of CO, suspended particulates, and/or sulfur dioxide) exceeds the
national primary air quality standard. For Port Gardner/Everett PSI was
exceeded on only one day during 1985.

b. Biological Environment.

(1) Benthic Communities.

(a) Nearshore Intertidal/Shallow Subtidal Habitats. Little
macrophytic growth occurs in the East Waterway due to long term water quality
degradation and a minimum of suitable substrate, which occurs either under
pier aprons (with little available light) or as creosoted wood pilings (a
biocide). Riprap along the breakwater and along the Snohomish River mouth is
inhabitated by Fucus sp. and Ulva sp. South of East Waterway and along the
east shoreline, occasional rocks support Enteromorpha sp., Bryopsis sp.,
Fucus sp., and Ulva sp. The Snohomish River delta associated with Jetty Island
is an extensive and productive mudflat inhabited by luxurient and extensive
population of eelgrass (Zostera marina). This area provides important habitat
for a variety of fish and invertebrates, including herring and Dungeness crab
resources. Infauna are dominated by polychaetes (Sabellidae), oligochaetes,
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while infauna include the important salmonid food resource Corophiu salmonis.
Several other species no doubt are present seasonally. For a list of poten-
tial species refer to U.S. Navy DEIS, Appendix B (1984).

The benthic invertebrate community in the East Waterway is dominated by poly-
chaetes (77 percent) and crustaceans (21 percent) (Malkoff, 1976). From pier
3 south along the eastern shoreline, at least 25 polychaete families have been
identified, with Captitellidae dominating (personal communication Striplin,
1987). Ostracods and amphipods dominant the crustacean population, and over
20 species of bivalve molluscs are present (Kisker, 1976). The intertidal
community south of the old Weyerhauser Pulp Mill represents primarily sand and
gravel habitat with occasional rock bulkheads. Attached organisms consist of
mussels and barnacles. Beach epifauna include several species of amphipods,
isopods, and bivalve molluscs. The latter are dominated by Macoma inconspicua.

(b) Benthic Communities - Selected Site and Alternate Sites
(Port Gardner and Saratoga Passage). Site specific benthic studies were
conducted by the Waterways Experiment Station in Port Gardner and Saratoga
Passage during June 1986 (see Clarke 1986; DSS TA). These studies were
conducted as part of the BRAT (Benthic Resources Assessment Technique)
evaluation of demersal fish feeding habitat potential. The reader is referred
to section 3.04b(3)(e) for a discussion of the results of the fish feeding
habitat analysis. The selected and alternate sites in Port Gardner are
situated in a relatively uniform, homogeneous area with grain sizes charac-
terized as medium silt and clay contents greater than 15 percent.

Infaunal biomass observed at the Port Gardner selected site and alternate site
averaged 36 g/m2 and 61 g/m2 respectively (i.e., within the 0-15 cm sediment
fraction), compared to an average of 7 g/m2 at the alternate site at Saratoga
Passage. In general benthic infaunal communities in Port Gardner were
dominated by large polychaetes (Maldanidae, Terebellidae, Onuphidae) and
bivalve molluscs (Axinopsida and Macoma). Large numbers of recruiting juvenile
ophellid polychaetes were also observed in Port Gardner during June 1986
(Personal Communication, Ward, 1986) Depressed infaunal biomass at Saratoga
Passage was not typical of that observed at the other three study areas.
Benthos at this location was not dominated by polychaetes and bivalves typical
of the other areas, but showed relatively low but uniform biomass distribu-
tions of polychaetes, bivalves, crustacea (ostracods, cumaceans, amphipods),
and other taxa. Occasionally collected but not abundant taxa observed in all
study areas were the relatively large individual biomass holothuroids
(Malpadia sp.), echinolds, and the mudshrimp (Axiopsis spinulicauda). These
larger species were observed typically deeper than 15 cm in the sediments. At
the preferred site polychaetes comprised 50 percent of Lhe biomass, molluscs
(bivalves) made up 42 percent, whereas crustaceans comprised only 2.4 percent
of the total. At the Port Gardner alternative site polychaetes made up 18
percent, molluscs (primarily bivalves) comprised 30 percent, and crustaceans
made up less than 1 percent of the total. At the Saratoga Passage alternate
site polychaetes made up 31 percent of the total biomass, molluscs (bivalves)
comprised 14 percent, and crustaceans made up 12 percent. Variations in
biomass distribution among stations reflect the patchy distribution of benthos
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typically documented in benthic investigations (Johnson 1972; Rhoads, McCall
and Yingst 1978; Kendall 1983) (figure 3.19). Depth partitioning of benthos
(i.e., within the sediment core collected) at each station indicates that most
of the biomass is concentrated within the upper 10 centimeters of the sedi-
ment, generally within the upper 5 centimeters (figure 3.4).

REM4OTS investigations of the Port Gardner and Saratoga Passage ZSF's supported
the box core sampling results and indicated both areas were predominately
occupied by stage III communities with secondary occupations by stage I
infaunal communities at the sediment surface (SAIC 1985; Cooper Consultants,
Inc., 1986; DSI TA). Mean RPD depths in excess of 10 cm coincided with the
presence of large, mature deposit feeding benthos (stage III) actively
reworking the upper 10 centimeters of sediment.

(c) Crab and Shrimp Resources. An assessment of Dungeness crab
(Cancer magister) and pandalid shrimp species distribution and abundance in
Port Gardner was conducted in February, April, June, and September, 1986, and
in December 1986/January 1987 by the University of Washington (Dinnel, et al.,
1986a-e, 1987). This assessment was performed for the U.S. Navy as part of
their required Everett Homeport Study and was also used by Corps in prepara-
tion of the supplement to the Navy's EIS.

The main objective of the crab and shrimp studies was to document the presence
and/or absence of crab and shrimp and their relative abundance compared to
other areas. Dungeness crab, for instance, have been shown to aggregate in
certain areas relative to size, molting, and egg-bearing (Armstrong, et al.,
1986); some of these areas being deep water habitats (Dinnel, et al., 1985).
Selection of these habitats may be partially dependent on substrate type for
food or for burial to avoid predation, especially during molting or egg-
carrying.

During February, a high abundance of Dungeness crab, especially gravid females
were found throughout a major portion of Port Gardner. However, they were not
evenly distributed throughout the sampling area and their distribution varied
according to sex and reproductive state for the females. Male crab were found
almost exclusively in shallow water areas (98 percent were found in water less
than 40 meters in depth) (figure 3.20a). In contrast, gravid females were
found at deeper depths (73 percent recovered from depths of 40 meters or
greater) (figure 3.21a). No crabs were observed in the selected site in
February, and in the alternate site only small numbers of gravid females (19
hectare) were found (one transect). The selected site boundary was approxi-
mately 0.75 nmi miles from stations that exhibited substantial numbers of
gravid females, but the alternate site boundary was located within 0.25 miles
of stations with high concentrations of gravid females. ho crabs were caught
at the Saratoga Passage sampling stations.

In April, the highest crab densities occurred in the eastern portion of Port
Gardner. Crab densities were highest in the 0-80 meter depth range, with
females most abundant in the 40-100 meter range and males most abundant in
shallow water (figures 3.20b and 3.21b). N;ales comprised only 8 percent of
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the total catch. The general distribution of crabs remained essentially
unchanged from February to April, although, the average density decreased from
126 crabs/ha to 85 crabs/ha. These densities are similar to data from deep
water trawls in north Puget Sound during the winter-spring period. Port
Gardner crabs are not distributed randomly, but aggregated in many areas at
densities two to four times higher than the average. Between February and
April, the percentage of females with eggs decreased from 78 percent to less
than 10 percent. Relative to the PSDDA sites, no crabs were collected in the
preferred site (beam trawl transects), while no males were captured at the
alternate site, but females were captured there in two of three transects,
(calculated densities of 38 and 19 females per hectare). The selected site
was at least 1.0 nmi from stations where high numbers of female crabs were
caught. However, the alternate site was much closer to the high-density female
crab stations (less than 0.25 to .50 nmi from the ZSF boundary) (figure
3.21b). The Saratoga Passage alternate site was not sampled in April.

In June, the average density of crabs was intermediate to the February and
April densities (114/ha). Both spatial and depth distributions in June were
similar to February/April patterns, except that males were found slightly
deeper. Generally, both male and female crabs were caught along the nearshore
slope from Mukilteo to the Snohomish River delta (figures 3.20c and 3.21c) and
continued to be rare in deeper areas (greater than 100 meter depth) of outer
Port Gardner. The distribution of male and female crabs along a bathymetric
gradient is depicted in figure 3.22. Depthwise, the highest densities of
female crab were from 20 to 110 meters, with peak densities at 80 meters. The
depth distribution of males was uniform between 10 and 100 meters. Females
comprised 91 percent of the catch and less than 1 percent of the females were
gravid (with eggs). No crabs were caught at the PSDDA preferred or alternate
sites. The selected site was substantially removed (about 0.75 nmi) from
stations where highest numbers of female crabs were caught (figure 3.21c). In
Saratoga Passage, more crab were caught during June than during February,
although the crabs were confined to the shallow stations adjacent to and
outside the ZSF containing the alternate site.

Dungeness crab distribution and densities remained essentially unchanged in
September except that a few more males were caught in deep water (figure
3.20d). Female crab densities were again highest in the 20 to 100 meter
range, with highest average densities again occurring at 80 meters (ffgure
3.21d). No male crabs were present in either the preferred.or alternate PSDDA
sites (figure 3.20d). However, female crabs were found in both sites (figure
3.21d). Abundance at the selected sites was 57 and 19 crabs per hectare (2
transects), while abundance at the alternate site was 19 crabs per hectare (2
transects). The general pattern of disposal site proximity to crab resources
remained the same as found previously, with the selected site furthest removed
from the areas of highest female crab abundance. For purposes of site com-
parison, the average estimated crabs/hectare for all Dungeness crab in Port
Gardner during the four sampling seasons is presented in figure 3.23.

In December 1986/January 1987, crabs were sampled by beam trawl and their in
situ abundance was investigated at the adjacent Navy "RADCAD" site using a
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deep submersible, the Canadian "Pisces IV" (Dinnel, et al., 1987). Results of
beam trawl sampling indicated average densities of 71 crabs/ha in Port
Gardner, but no crabs were found at the selected PSDDA site. The only
significant catch occurred at the 40-meter depth station, south and some
distance from the selected site. Pisces IV observations revealed that only
occasional crab were present below 80-meter depths, including the RADCAD
site. No gravid female crabs were observed.

Relative to shrimp resources, February sampling indicated highest densities at
intermediate depths, with few found in shallow water (figure 3.24a). Species
encountered were: pink shrimp (Pandalus jordani or P. borealis), side-stripe
(Pandalopsis dispar), coon-striped (Pandalopsis danae), and spot prawns
(Pandalus platyceros). The highest densities of sUrimp occurred between 40
and 100 meter depths (figure 3.25). In the selected PSDDA site, no shrimp were
caught with the beam trawl, but 135 shrimp per hectare were caught with the
otter trawl (average based on three transects). In the alternate PSDDA site,
82 shrimp per hectare were caught with beam trawl and 355 per hectare were
caught with the otter trawl (figure 3.26). The proximity of the disposal
sites to densest concentrations of shrimp is similar to the situation observed
for disposal site proximity to crab concentrations, with the selected PSDDA
site generally further removed from the highest concentration areas (figure
3.24a).

April sampling indicated that shrimp were in much lower densities and were
generally concentrated at the deeper stations (below 100 meters) (figures
3.24b and 3.25). In the preferred site, average densities of 63 shrimp/ha
(beam trawl) and 24/ha (otter trawl) were calculated. In the alternate site,
average densities were 13/ha (beam trawl) and 38/ha (otter trawl) (figure
3.26).

As in April, relatively few numbers of shrimp were present in June. Only the
area off Mukilteo had high densities, with spot prawns abundant in 40 to
80 meters (figures 3.24c and 3.25). Overall, shrimp were most abundant at the
40 meter depth, a change from February and April when they were most abundant
between 80 and 100 meters respectively (figure 3.25). In the preferred site,
average densities of 6/ha (beam trawl) and 80/ha (otter trawl) were calculated.
In the alternate site, average densities were 0/ha (beam) and 117/hectare
(otter) (figure 3.26).

In September, the average density of shrimp calculated from all beam trawl
stations increased to 269/ha, up substantially from past densities of 123, 19,
and 30 shrimp/ha in February, April, and June, respectively (figure 3.24d).
Average shrimp densities were greatest at the 40 to 80 meter depth range
(figure 3.25). Several species of shrimp were present; no species was domi-
nant. In the selected site, average densities of 32/ha (beam trawl) and
101/ha (otter trawl) were calculated. In the alternate site, average
densities were 6/ha (beam trawl) and 86/ha (otter trawl). Comparative beam
trawl and otter trawl catches of shrimp for September at the preferred and
alternate sites and at the original Navy CAD disposal site are depicted in
figure 3.26. Estimated shrimp abundances at beam trawl stations are presented

3-77



PSID I PSI

RM NM

F IGO ..... F T 0"0

S Preferred Disposal Sit*. rfre ips

5115 Aternate DispOsa1 Site 51-15
150.250~~~~ 150-250 Alent DipslS e

122.6 i IS 54122-to1

a a

x e.

Z -. P fo ed , o a. . , : V R I
A 00 (3r

* 500 20

o xOTltn ipo1 Z6 -20P t ~ ~ ~ ON
122,o

adpedfo inel et alD 1986a)P; al',

Al- .t Dt - 78it SI



824 ........ 528

300 
September

I February
LUj
<

-200 I
LU /
T,

Ar I

10
i / : ""..

0 :I*- . - -" ' ,-o.** \4. >*

0 40 80 120 160 200

DEPTH IN METERS

Figure 3.25 Average commercial shrimp densities by depth and
by -;eason in Port Gardner. (After Dinnel et al. 1987b)

3-79



BEAM OTTER =
SHRIMP T RAW L TRAWL

400 
FEBRUARY

300 -

200

100 70 L 0

4O0
APRIL

Lu 300

- 200

100

0.
400

>- 0 JUNE
I-

/ 300
z
LLu
O 200

LU
(~100

tO0
'<4O

SEPTEMBER

300

200 -

100 F]

NAVY CAD PSDDA - 2 PSDDA - 1

SITE

Figure 3.26 Trawl gear efficiency for shrimp in Port Gardner.
(Source: adapted from Dinnel et al., 1986a)

3-80



in figure 3.24d. Average shrimp densities by depth and by season are shown in
figure 3.25. Generalized species specific depth distributions are shown in
figure 3.6. These data illustrate the very high numbers caught in September
and the preferred depth range from 40 to 100 meters. The selected site
boundary is located at least 1.0 nmi from areas of highest shrimp concentra-
tions. The alternate site boundary by contrast is located very close to such
areas, in one case within 0.25 nmi of a station with 250 shrimp/ha.

In December 1986/January 1987 average shrimp density (from beam trawl data)
was 161 shrimp/ha. Average density at the selected site was 125/ha. This is
a higher density than found during all other sampling seasons. However, the
density was still not high enough for the selected site to be considered as an
important shrimp habitat in Port Gardner or a potentially important com-
mercial shrimping ground in the area. These results are consistent with
previous results obtained during the other sampling periods.

Based on this information, it is concluded that only low abundances of shrimp
are expected in the selected and alternate sites in any season, but that the
alternate site is located in very close proximity to areas where moderate to
high numbers can be expected, especially in the fall and winter months.

Shrimp catch data from Saratoga Passage indicated relatively low abundances
there. Average beam trawl catches were 47 and 69 shrimp/ha for February and
June, respectively. Average otter trawl catches were 126/ha. For comparative
purposes, the Port Gardner sites averaged 24/ha. Sidestripe shrimp and pink
shrimp were the most abundant species. Average total weight was 0.56 kg/ha
compared to 0.1 kg/ha at the Port Gardner sites (averaged). For comparison,
estimated average catches in commercial shrimping areas in Puget Sound and

* Hood Canal range from 0.8 kg/ha (Seabeck) to 15.1 kg/ha (Carr Inlet)
(table 3.2).

(2) Plankton. Phytoplankton and zooplankton communities are gen-

erally ubiquitous throughout Puget Sound but exhibit tremendous spatial and
temporal variations in species composition and abundances. The reader is
referred to section 3.Olb(2) for a general discussion of bloom periods and
taxonomic/species succession.

(3) Anadromous and Marine Fishes. The Snohomish River system
supports important runs of salmon and trout. The East Waterway and the Port
Gardner shoreline are part of a major migratory route for these fish, pri-
marily juveniles. Four species of salmon are present. These are chinook,
coho, pink and chum salmon. Steelhead trout and Dolly Varden are also
present. Timing of the salmon and trout freshwater life history phases in
Snohomish Basin are provided as figure 3.27. For detailed discussion on run
timing, hatchery and wild production, and migration pattern the reader is
referred to Chapter III, Section A, of the U.S. Navy DEIS (1984). According
to Tulalip Tribe fishery personnel (Williams, 1986), adult salmon returning to
spawn use Port Gardner as a milling area prior to their upstream spawning runs.
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(a) Adult Salmonids. There are two races of chinook salmon, the

spring-run and the summer/fall run varieties. The spring run is present in

the Port Gardner vicinity generally between June and August, whereas fall run
fish pass through Port Gardner generally between July and September. Spring

chinook natural salmon runs in the Snohomish River are estimated to range

between 150 to 500 fish between 1966 and 1971, averaging 450 fish per year.

Summer-fall chinook natural salmon runs between 1966 and 1971 were estimated
to range between 6,300 and 12,600 fish, averaging 9,200 fish per year.
Natural runs are augmented by hatchery produced fish. The highest recorded
run of chinook back to the hatchery located near Goldbar on the Skykomish
River was 2,221 between 1966 and 1971 (Williams et al., 1975). In recent
years combined spring and summer-fall chinook natural and artificial runs have
exceeded 1i,000 fish, with an estimated commercial and sport fish catch of up
to 44,000 salmon (Williams et al., 1975).

Coho salmon enter Port Gardner generally between August and November. Coho
escapements to the Snohomish River system are estimated to range from 32,100
to 74,500 between 1966 and 1971, averaging about 52,500 fish annitally.
Hatchery produced fish (Goldbar Facility) accounted for a peak escapement of
17,840 coho between 1966-1971. Catch to escapement calculations for coho
production from the Snohomish Basin (natural plus artificial stocks) indicate
this river contributes in excess of 210,000 fish to Puget Sound and ocean
commercial and sport fisheries during an average year (Williams et al., 1975).

Pink salmon runs enter Port Gardner generally between August and September.
Pink runs are estimated to range between 70,000 and 185,000 fish, averaging
118,000 fish per year in the Snohomish system. Catch to escapement ratios
indicate that a spawning escapement of 150,000 fish reflects a catch of up to
300,000 pinks for the commercial and sports fisheries (4illiams et al., 1975).

The chum salmon migration into Port Gardner is generally between September and
December. Chum spawning escapements to the Snohomish system are estimated to
have ranged from 3,000 to 28,000 between 1966 and 1971, averaging 12,500 fish
annually. Catch to escapement ratios suggest that a spawning escapement of
30,000 chum to the Snohomish basin would reflect a catch of about 30,000 fish
by the commercial fishery (Williams et al., 1975).

(b) Juvenile Salmonids. Significant numbers of juvenile chum,
pink, chinook, and coho salmon are known to utilize the local marine waters of
Port Susan, Everatt Harbor and Possession Sound from the end of March to the
end of July. This was recently confirmed in a study (Snohomish River Juvenile
Salmon Outmigration Study) conducted by Beauchamp, et al. (1986), and the
Tulalip Tribes for the U.S. Navy. Results from this study are summarized
below.

Juvenile pink salmon were found in large numbers throughout the marine
littoral zone between the end of March and May 9. Chum and coho salmon
exhibited sharpely defined peaks arriving in marine waters of Port Gardner

between May 5-9. Chum were found in local sublittoral marine habitats over a
2-week period, whereas coho moved directly into the neritic zone and were
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rarely encountered in shallow sublittoral waters after May 30. Chinook
exhibited the longest presence in Port Gardner marine waters, with yearling
smolts entering in a large pulse during the second week in April with
continued low numbers moving in over a 7-week period. Subyearling chinook
were found in marine waters beginning April 28 and were present in stable
numbers through July 25. The protracted presence of rubyearling chinook,
coupled with the larger average size indicated utilization or marine waters
for growth during the early marine stages

(c) Inshore Marine Fish Resources. Several species of marine
fish Inhabit East Waterway and Port Gardner. Dominant pelagic species are
Pacific herring (Clupea harrangus pallasii), and northern anchovies (Engraulis
mordax). Dominant inshore bottom fish species include English sole (Parophrys
vetulu ), starry flounder (Platichthys stellatus), Pacific staghorn sculpin
(ePto'cottus armatus), saddlebackgunel (Pholis ornata), Pacific tomcod
(Microgadus proximus). Bay pipefish (Syngonathus griseolineatus), shiner
perch (Cynatogaster aggregata).

(d) Bottomfish Resources in the Disposal Sites. Bottomfish

distribution and abundance in Port Gardner were studied by the University of

Washington during four seasons in 1986 (Dinnel, et al., 1986a). February

sampling indicated that bottomfish were moderately abundant at both sites,
with average densities of 403/ha at the selected site and 401/ha at the
alternate site. Average biomass per hectare was similar at the two sites.

For comparison purposes, the "original Navy CAD" site, located in shallower
water, had 1,514 bottomfish/ha and about twice the average biomass of the
PSDDA sites. Site catches were dominated by three species: Slender Sole,
Ratfish, and Pacific hake. The latter species is commercially important.

In April, the average number of bottomfish caught per hectare was signifi-

cantly lower than observed in February. At the selected site, only 68
individuals/ha were caught and, at the alternate site, 103 fish/ha were caught
in April. Average bottomfish biomass per hectare was markedly lower at both
sites in April compared to February. For comparison, the "Navy CAD" site had

434 fish/ha and nearly triple the biomass of the ZSF sites. The most abundant
fishes were English sole, Dover sole, slender sole, Pacific hake and ratfish.

In July, the selected site again showed the least bottomfish abundance and
biomass. Average catch for all species was 60 and 156 fish/hectare at the

preferred and alternate sites, respectively. Average biomass was 11.29
kilograms/hectare at the selected site ZSF, 23.05 at the alternate site
(compared to 50.77 at the Navy CAD site). Dominant species were English sole,
Dover sole, and Ratfish.

In September, catches of bottomfish fish were relatively low at both sites,
compared to catches at shallower stations. Biomass was lowest at the selected
PSDDA site.

In general, both PSDDA sites had markedly lower bottomfish densities and
biomass compared to shallower stations throughout the year. In comparing the
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sites, highest species abundance varied with season, but lowest biomass was
always observed at the selected site.

In the alternate site at Saratoga Passage, only June data was available
(BRAT), but average catch per trawl was ten, consisting of six species.
Slender sole was most abundant.

(e) Foodweb Relationships: BRAT Assessment of Bottomfish
Feedi Habitat Values in Disposal Sites. The reader is referred to Section
3.02b(3)(e) and the Disposal Site Selection Technical Appendix (DSS TA) for an
overview of the rationale and description of the BRAT analysis. Bottomfish
feeding strategy groups identified through the BRAT field studies conducted by
the Waterways Eperiment Station during June/July 1986 are summarized in table
3.3 (see Clarke 1986; DSS TA). Four benthic feeding strategy groups were
identified that appeared to be exploiting infaunal benthos heavily, and were
primarily represented by Dover sole and Eiglish sole. Figure 3.28 illustrates
the distribution and amount (g/m2-wet biomass) of potential benthic food
particles available to each of the four feeding strategy groups at each site
in Port Gardner, while figure 3.29 shows the relatively impoverished benthic
resource values demonstrated at the Saratoga Passage alternate site.

Comparative analysis of mean resource values at all three sites indicates that
feeding habitat potentials were relatively similar for all four bottomfish
feeding groups at the selected site ranging from a low average of 12.3 g/m2
(Group IIA) to a high average of 19.6 g/m2 (Group IIB). By contrast, the
feeding habitat values were higher at the Port Gardner alternative site and
ranged from an average of 15.2 g/m2 (Group IIA) to a high average of 35.1 g/m2
(Group liA). This suggests that there is a larger reservoir of deeper
dwelling and generally larger sized benthic prey available to the Group IliA
fish at the alternate site location than at the preferred site (table 3.4).
Comparatively, average benthic fish food resource values were much lower at
Saratoga Passage than at either of the two sites at Port Gardner, ranging from
an low habitat valve of 2.6 g/m2 (Group IIA) to a high of 7.2 g/m2 (Group
ILIA). There was three times as much benthic habitat value potentially
available for Group liA predators than for Group II, at Saratoga Passage but
benthic resource values were lower than those observed at any of the study
areas in central Puget Sound. All four feeding groups observed were primarily
exploiting polychaete and bivalve mollusc prey in proportion to that observed
at benthic core stations previously discussed (section 3.04b(l)(b)).

(4) Marine Mammals. All of the marine mammals found in Port Gardner
and Saratoga Passage are migratory and have wide distribution patterns.
Therefore, they are discussed in the regional setting section. The reader is
referred to the regional marine mammals section 3.01b(4) for this discussion.

(5) Water Birds. As at Commencement and Elliott Bays, the most
numerous waterbirds at Port Gardner are diverse such as loons, grebes,
cormorants, and bay ducks. Gulls are also numerous. Relatively few species
of shorebirds and waders are found in the project vicinity.
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Because of the presence of consistently large numbers of wigeons and mallards,
the Snohomish River delta has been classified as an "Area of Biological
Significance" (AMBS), for fall and winter populations of American wigeon and
mallard by the Washington State Department of Ecology (Gardner, 1981).

Jetty Island is an AMBS because it provides nesting habitat for the only
breeding colony of Artic terns in the contiguous western United States.
Containing 10 pairs of nesting terns in 1978 (Manuwal, et al., 1979), this
small colony on Jetty Island supported only one breeding pair in 1984 (Hunn,

personal communication, 1984). Jetty Island also is the location of a colony
of approximately 150 pairs of glaucous-winged gulls.

Several species of waterfowl also nest on the island. In 1984, three mallard,
three gadwall, and three Canada goose nests were found with brooding birds.
Several more mallards and gadwall nests most likely occur as suggested by
birds flushed during the censuses. An additional five pairs of geese success-
fully nested on the island as determined from counting adults with goslings at
the water's edge. Low numbers of mallards, and Canada geese have been known
to nest since first observed in 1977 (Peters, et al., 1978). The nesting of
gadwall and increasing use by Canada geese, however, has not been documented.

Bonaparte's gulls are occasionally abundant. Flocks of these small gulls
first appear in late April. Small numbers of Bonaparte's gulls are observed
with common terns in late summer and autumn.

West of Jetty Island are extensive mud and sand flats formed by sediments from'
the Snohomish River. large eelgrass beds also occur. During low tides, this
shallow water area is heavily used by feeding great blue herons, glaucous-
winged gulls, Bonaparte's gulls, brant, spotted sandpipers, and other water-
birds. Shorebirds feed on invertebrates along tidal flats and drift lines.
During their spring migration, they may be especially abundant along exposed
tidelands in Puget Sound and its existing bays. Spring and summer censuses on
Jetty Island indicate little use by either resident or migrating shorebirds.

The protected waters of the Snohomish River channel and the East Waterway are
used by several species of waterbirds. In winter, between 150 and 250 western

grebes, 25 to 30 cormorants, and flocks of 25 to 50 scaup raft and feed in the
river channel. Barrow's goldeneyes, red-breasted mergansers, pied-billed
grebes, horned grebes, marbled murrelets, and ruddy ducks overwinter in the
protected bays and channels adjacent to Norton Terminal. In summer, glaucous-
winged gulls, several pairs of mallards and up to 10 great blue herons are the
prime users of the East Waterway.

The alternate site in Saratoga Passage is in an area of low waterbird usage.
Protected bays along Saratoga Passage (such as Holmes Harbor and Penn Cove)
attract relatively large numbers of migrants and winter residents of all
families of waterbirds described in the "General" paragraph. The alternate
site receives use by birds only as a resting or feeding point in calm weather,
or when fish may be particularly abundant, such as during the spawning season
for hake. The selected disposal site is near a Liake spawning area. Otherwise,
the proposed disposal area Is not normally an area of bird concentrations.
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(6) Endangered and Threatened Species. Bald eagles nest along Pigeon
Creek 2 miles south of the Port of Everett. They also nest at seven other
locations (12 nests in all) within 10 miles of the selected disposal site. Of
these other nests, three are about 5 miles from the disposal site, and one is
about 2 miles from the site. During the winter, bald eagles tend to shift
inland to rivers to feed on spawned out salmon. As at Commencement and
Elliott Bays, they are present year round in the Port Gardner vicinity.

Peregrine falcons are rare in the vicinity, primarily due to the lack of a
large prey base, and because of industrial activity in the vicinity. Habitat
does exist for peregrines in the Snohomish River estuary, and the Everett
sewage ponds attract large numbers of gulls and waterfowl. The potential
exists for peregrines to winter in the area.

Gray whales have been sighted in Port Susan at Kayak Point in 1984. As at
Commencement and Elliott Bays, the gray whales seen near Port Gardner are
stragglers and do not stay in any one location for long.

There are no recent sightings of humpback whales near Port Gardner. Their
rarity makes the possibility of regular sightings remote.

In the vicinity of the Saratoga Passage alternate site there are several bald
eagle nests on Whidbey Island, and one nest on Gedney Island. Bald eagles are
present throughout the year and can be expected to feed (at least occasion-
ally) near the proposed disposal area, perhaps occasionally on hake. Peregrine
falcons migrate through Puget Sound. They do not nest in the vicinity of the
alternate site at Saratoga Passage. The nearest wintering area is at Skagit
River delta lowlands. Peregrines probably feed near the proposed site on rare

!U occasions.

There are no records of either gray whales or humpback whales in the vicinity
of the Saratoga Passage alternate site.

The BA's prepared for the PSDDA Phase I study area are contained in exhibit
A. More detailed descriptions of the Port Gardner threatened and endangered
species, and their habitat, are provided in the BA's.

c. Human Environment.

(1) Social Economic. The dredging areas that would use the Port
Gardner unconfined, open-water disposal site include portions of Kipsap and
Island Counties, most of Snohomish County, and the cities of Everett and
Edmonds. Snohomish County is the third largest county in the State with a
population of 373,000 in 1985. Population growth over the last decade has
also been due to a variety of economic factors including expansion by Boeing
and other high technology companies. Population forecasts by the Washington
State Office of Financial Management show the population of Snohomish County
increasing to 498,800 by the year 2000. Major port redevelopment is antici-
pated in the near future in the East Waterway and to the south along the
Everett Harbor shoreline. Waterborne commerce through Everett Harbor has
decreased from 4,367,000 short tons in 1975 to 3,758,000 short tons in 1985.
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(2) Navigation Development. Most commercial port activity in the
past has focused on the East Waterway where log-ships have made frequent port
calls. Just outside the East Waterway, the Port of Everett operates a bulk
cargo transfer and storage facility. Major redevelopment of the East Waterway
and portions of the Everett waterfront to the south are anticipated as a
direct consequence of the proposed U.S. Navy Carrier Battle Group Puget Sound
Region Ship Homeporting project. The lower Snohomish River continues to
experience shallow draft navigation in the form of pleasurecraft and log-
rafting.

Figure 3.30 and table 3.5 illustrate historical wetland habitat losses from
1880 to the present in the Snohomish Estuary, and indicate that almost 75
percent of the wetlands have been lost.

Existing navigation channels, all federally maintained, are described below:

o East Waterway. This channel, approximately 0.6-mile long with width
varying from 700 to 900 feet, is currently maintained to a depth of 30 feet
below MLLW.

o Snohomish River. Beginning near the entrance to the East Waterway,
this channel extends upstream about 6.3 miles. Authorized channel depths and
widths vary as follows:

Depth (feet Width
below ML1q) (feet)

Port Gardner to River Mile (R.M.) 0.6 15 150
lb

R.M. 0.6 to R.M. 0.85 15 425

R.M. 0.85 to R.M. 1.2 20 700

R. M. 1.2 to R.M. 0.3 8 150

(3) Dredging and Disposal Activity.

(a) Historical Activity (1970-1985). Between 1970 and 1985
5,499,000 c.y. of material were dredged from the Port Gardner area (table
3.6). As with the other Phase I areas, only a small volume of this material
(13 percent) was disposed at the DNR designated open-water site while most of
the material (87 percent) was placed upland or nearshore.

In the period 1970-1985, most of the dredging (47 percent of the total
activity) was undertaken by the Corps. The remainder of the volume of mate-
rial dredged in Port Gardner and vicinity was roughly evenly split between
Port of the Everett and others.
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(b) Projected Activity (1985-2000). As stated earlier, dredging
in Port Gardner and vicinity is expected to dramatically increase over the
past (see table 3.7). This is especially true if the Navy Homeport project in
Everett is developed. This project alone will account for 3.3 million c.y.
(31 percent of projected total for Port Gardner) of the material to be dredged.

Excluding the Navy Homeport project, almost all of the rest of the sediment
forecasted to be dredged in Port Gardner and vicinity (86 percent of total)
will come from the Snohomish River. Most of the material removed from the
Snohomish River will be from navigation channel maintenance dredging by the
Corps. The Snohomish River, like the Duwamish River, receives large amounts
of bedload during high water flow. This material needs to be dredged
periodically (once every 1-3 years) to maintain authorized channel depths.

(4) Native American Treaty Fishing. The tribes that generally fish
in the Port Gardner area are the Tulalip and the Stillaguamish Tribes.
Fishing by the Stillaguamish Tribe has been at the invitation of the Tulalip
Tribes. Harvest records indicate that the Tulalips are the primary commercial
fishermen in the Port Gardner area.

Tribal commercial fisheries are generally active from July through January,

concentrating on harvestable stocks of Snohomish and Stillaguamish Rivers
coho, chum, chinook and pink salmon, and steelhead trout. The majority of
tribal fishing pressure generally occurs at night. To protect depressed
Stillaguamish stocks, most notably the Stillaguamish chinook, harvest of
Stillaguamish runs have been drastically reduced in recent years. However,
with increased production through tribal enhancement programs, and increased
fishing effort, tribal fishing fleets have increased over 50 percent in the
last 10 years.

Stationary and drift gillnets have been major fishing methods used in the
area. Drift gillnets have been regularly used in the offshore areas,
including the location of the selected disposal site.

(5) Non-Indian Commercial and Recreational Fishing. Port Gardner Bay
supports a number of non-Indian commercial and recreational fisheries activi-
ties. The following summary is based on the latest WDF catch statistics for
1985-1986 (Dale Ward, personal communication, 1987). Sport catches of chinook
and chum salmon for the areas, including Port Gardner, Camano, Deception Pass,
and Skagit, were reported at 6,607 fish during 1985 (mostly from Skagit).
Commercial salmon catches of chinook, chum, and coho totaled 103,842 fish for
1986 and 74,955 pink salmon in 1985 between Port Susan and Port Gardner.
Bottomfish catches of true (Pacific) cod, English sole, and rockfish totaled
49,370 pounds between Port Gardner and Possession Point during 1986. A
significant herring fishery exists between Port Gardner and Possession Point
and 431,023 pounds were caught during 1986. Surf perch (shiners) catches
totaled 9,952 pounds in 1986 between Port Gardner and Possession Point. Crab
catches totaled over 55,000 pounds from Possession Point down to Port Gardner
in 1986.
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(6) Esthetic Setting . The esthetic setting is Port Gardner Bay and
Possession Sound, incluing seabirds, marine mammals, and a wide variety of
ship/boat traffic, Whidbey Island, and the Olympic Mountains. The principal
views of this setting are from the Everett waterfront area, including the
Norton Avenue Terminal, the shoreline south of the Everett city limits, the
tall buildings of the central business district, and residential areas above
the shoreline to the east.

i-
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SECTION 4. ENVIRONMENTAL EFFECTS OF ALTERNATIVES

4.01 Introduction. Section 4 presents an environmental effects assessment of
the alternatives considered in detail by PSDDA. As presented in section 2
(see table 2.1), the possible alternatives include "No Action" for the entire
Phase I area and various combinations of disposal sites and biological effects

conditions for site management. In all, there are 21 combination alternatives
possible (seven sites; two in Commencement Bay, two in Elliott Bay, and three

in Port Gardner) and three biological effects site management conditions.

The final number of alternatives considered in this section is 14. The
14 alternatives, shown in table 4.1, permit an effective evaluation of the
impacts of the PSDDA selected and nonselected alternatives on the physical,
biological, and human resources of Puget Sound.

When assessing the potential effects of each alternative, an evaluation of

impacts necessarily had to inc'ude the impacts associated with unconfined,
open-water disposal, as well as the consequences of disposal of material not
suitable for unconfined, open-water disposal. Dredged material not acceptable
for unconfined, open-water disposal was assumed to be placed at a confined

site, even though some marginal projects may in fact not be dredged if high
cost confined disposal is the only option. While confined disposal methods
include confined aquatic disposal (CAD), this technique has only limited
public acceptance at this point. Consequently, though some CAD is likely to

occur, in the near-term, a large proportion of the material requiring confine-
ment will likely go to the other confined disposal options, principally upland
and nearshore areas. In addition, an analysis of the impacts to both open
water and land environments serves to highlight the fact that environmental

tradeoffs exist regardless of where dredged material is disposed.

The smaller the quantity of dredged material placed at the unconfined, open-

water disposal sites, the greater the quantity of material requiring upland/
nearshore disposal (and vice versa). As such, the risk associated with chemi-

cals of concern in dredged material will shift between aquatic and land
sites. Site conditions that allow the least amount of chemicals in material
to be placed at the unconfined open-water sites, would place most of the envi-
ronmental (terrestrial species, freshwater species) and iiuman health (expo-
sure, drinking water) risks associated with chemicals of concern at the con-
fined sites. Conversely, selection of an alternative which allows for the
placement of dredged material with high levels of chemicals of concern at the
uuconfined open-water sites would place most of the environLiental (benthic

species, marine fish) and human (chemicals in seafood) risks at these sites.
A general analysis of the envirunmental and human health tradeoffs between

disposal of dredged material at unconfined, open-water sites and at confined
land sites is presented in section 2.04.

Since conducting an impact assessment for a programmatic action involves mak-
ing wany predictions about future conditions, several key assumptions must be
noted here. First, the assessment assumes that most dredged material found to
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TABLE 4.1

FINAL EIS ALTERNATIVES

EVALUATED FOR THE PHASE I AREA

Addressed iv
EIS Alternative Description EIS Section

No Action ".qo Designation of Public hultiuser

Unconfined, Open-Water Sites" (bse of
Puget Sound Interim Criteria) 4.02

Coizaencement Ba_

CBI-lI Commencement Bay Site I and Site
Condition II (selected alternative) 4.03

CB2-I1 Commencement lay Site 2 and Site
Condition II 4.04

CGI-I Commencement bay Site 1 and Site
Condition I 4.05

Cbl-IlI Commencement Bay Site 1 and Site

Condition III 4.06

Elliott Bay

E1l-1f Elliott Bay Site I and Site uoii,,ition

II (selected alternative) 4.08

LiD2-1 Elliott Bay Site 2 and Site Condition ii 4.09

EBI-I Elliott Bay Site I and Site Condition 1 4.10

LBl-Ill Elliott Bay Site 1 And Site Coniditlon 111 4.11

Port Gardner

PCI-Il Port Gardner Site I and Site Conditio

II (selected alternative) 4.13

PG2-II Port Gardner Site 2 and Site Conrlition II 4.14

PG3-I1 Port Gardner Site 3 and Site Condition
II (Saratoga Passage) 4.15

PI-I Port Gardner Site I and Site Condition 1 4.16

P;I-IlI Port Gardner Site I and Site Condition Il 4.17
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be acceptable for unconfined, open-water disposal (under the EIS action
alternatives) will be discharged at the PSDDA identified unconfined, open-
water disposal sites. Though some material will likely be placed in nearshore

or land sites as part of occasionally approved fill projects, the relatively
inexpensive and available unconfined, open-water sites are likely to be pre-

ferred by most project proponents who simply want to dispose of dredged
material.

A second key assumption made is that most material unsuitable for unconfined,
open-water disposal is expected to be dredged, not left in place. Though the
cost of confined disposal will likely render some projects economically
infeasible, the number of projects that will opt to not dredge cannot be
easily ascertained for this programmatic analysis. Consequently, the analysis
assumes that comparable volumes of dredging will be conducted regardless of
the site management condition considered.

A third assumption that is important to the EIS analysis is that adequate
capacity will be availalule for confined disposal of dredged material that is

not suitable for unconfined, open-water disposal. Now that the need for con-
fined disposal sites has become readily apparent, it is anticipated that

larger dredging projects will be identifying and establishing disposal sites
with sufficient capacity to accommodate near-term forecasts. For longer term

use, the PSWQA has clearly identified the need to establish multiuser confined
disposal sites for dredged material. Ecology has recently initiated a com-

prehensive study to meet this need. To the extent that adequate capacity is
not made available when required, it is recognized that some projects may be
delayed or not dredged. However, the assessment in this EIS is premised on

0 the availability of confined disposal sites as the need arises for, and is
pursued by, individual projects and future agency programs.

The cost analysis of the alternatives evaluated in this EIS is considered to
be a reasonable assessment of what would result from the implementation of

those alternatives, based on the above and other assumptions (see EPTA, Part

II, paragraph 10, for the detailed presentation of the cost analysis). It is

accepted that with other assumptions regarding the mix and costs of confined
disposal options that cost impacts of the alternative site conditions could be
much greater than shown. However, even if this were the case, the same alter-
natives would have been selected as higher costs reinforce this selection.

This EIS primarily addresses the alternatives for, and environmental conse-
qvences of, the disposal of suitable dredged material at designated uncon-
fined, open-water sites in Puget Sound. The environmental impacts associated
with dredging operations are not presented in this impact assessment. The

impacts at the dredging site would be similar for all alternatives, since most
disposal projects that would be dredged under any one alternative would be
dredged under all alternatives. The PSDDA EIS does not preclude or obviate
the need for these project-specific assessments.
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4.02 No Action: No Designation of Public Multiuse Unconfined, Open-Water
Disposal Sites. The No Action alternative that is assessed here for the entire
Phase I area is "No Designation of Public Multiuser Unconfined, Open-Water
Disposal Sites." As discussed in section 2, in the absence of PSDDA, local
jurisdictions would be expected to deny shoreline permits to DNR for public
unconfined, open-water disposal sites. However, limited unconfined, open-water
disposal would continue on a project by project basis where the dredged mate-
rial meets PSIC and local shoreline jurisdictions are willing to grant condi-
tional use permits. This would likely occur in cases where the disposal will
either have a beneficial use or the appropriate environmental impact studies
will have been undertaken. All of the elements of dredged material management
addressed by PSDDA e.g., evaluation procedures, site location, environmental
monitoring, etc. would also be expected to as conditions of a shoreline permit.
About 2.25 million c.y. is estimated to be found acceptable for unconfined,
open-water disposal or only 12 percent of the dredged material forecasted for
the period 1985-2000 (see table 4.2dI/).

Proper siting of upland and nearshore confined disposal facilities would be
the primary key to minimizing environmental impacts under this alternative.
Once suitable site locations have been found, sites can be designed to accept-
ably contain chemicals of concern. "Acceptability" of a given design for con-
taminant control is heavily dependent on site specific characteristics. Since
no specific upland and nearshore sites have been identified, the presentation
tbat follows is of a general nature and suggests possible impacts of accepting
the No Action alternative. Detailed environmental assessment of specific
upland and nearshore sites would need to be conducted on a project-specific
basis in order to fully evaluate the impacts of confined disposal.

5 a. Impacts and Their Significance to the Physical Environment.

(1) Water Quality.

(a) Marine Water. Little direct impact is expected to marine
water quality due to the limited amount of dredged material that would be dis-
posed in open water under the No Action alternative. Material that would be
disposed in open water would have small or no measurable concentrations of
chemicals of concern (i.e., would be below PSIC values). Short-term water
quality impacts would be experienced during disposal operations of any mate-
rial allowed for unconfined, open-water disposal; however, these impacts are
expected to be very minimal and would only occur within the specified dilution
zone.

Other impacts to marine water quality can arise from two potential sources:
(1) release of chemicals of concern in effluent during dewatering or from
uncoutrolled runoff of an upland or nearshore confined disposal site, and
(2) release of chemicals of concern via leachate from confined sites which

1/Tables 4 .2a, 4.2D, and 4 .2c contain the estiaates of material that would
likely be placed in unconfined, open-water disposal for each of the three main
embayuents, under the No Action alternative. Table 4.2d provides these
estimates for the entire Phase I area.
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TABLE 4.2a

IMPACT OF ALTERNATIVE SITE MANAGEMENT CONDITIONS ON
DISPOSAL OF FUTURE DREDGING VOLUMFS

Commencement Bay (CB) and vicinity

1985-2000
(1,000 C.Y.)

Volume That Could Be

Discharged at the

Designated CB Uncon- Volume to
Total Forecasted fined, Open-Water Confined

Alternative Dredging Volume Disposal Sitel/ Disposal2/

Site Managment Condition

I 3,929 1,348 2,581

II 3,929 3,160 769

11 3,929 3,776 153

Voluiae 1hat Could

be Discharged in Volume to
Total Forecasted Unconfined, Open- Confined
Dredging Volume 1rater hreas Disposal

No Action 3/
(PSIL) 4/ 3,929 225 3,7C4

1/Estimated volume of future dredged material that could be discharged at
t1'P selected sites (once designated) sucii that the site ianageneut condition
would not be violated. Assumptions and detailed calculations used in deriving
these estimates are described in EPTA (part 11, section 10).

2/Confined disposal can include upland, nearshore, and/or confined aquatic
disposal methods.
3/For the No Action alternative, public wultiuser sites for unconfined,

open-water disposal of dredged material would not be designated. Disposal of
material acceptable for unconfined, open-water disposal under this alternative
could occur wherever local governments and State and Federal regulatory
agencies would allow. This could include beneficial use projects and/or at
other areas selected on a project by project basis.

4/PSIC: Puget Sound Interim Criteria.
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TABLE 4.2b

Elliott Bay (EB) and vicinity
1985-2000

(1,000 C.Y.)

Volume That Could Be
Discharged at the
Designated EB Uncon- Volume to

Total Forecasted fined, Open-Water Confined
Alternative Dredging Volume Disposal Sitel/ Disposal2/

Site Managment Condition

1 10,525 3,113 7,412

II 10,525 3,374 7,151

Ill 10,525 6,162 4,363

Volume That Could
be Discharged in Volume to

Total Forecasted Unconfined, Open- Confined
Dredging Volume Water Areas Disposal

No Action 3/
(PSIL) 4/ 10,525 1,350 9,175

I/Estimated volume of future dredged material that could be discharged at
the selected sites (once designated) such that the site uanagement condition
would not be violated. Assumptions and detailed calculations used in deriving
these estimates are described in EPTA (part II, section 10).
2/Confined disposal can include upland, nearshore, and/or confined aquatic

diiposal methods.
3/For the No Action alternative, public multiuser sites for unconfined,

open-water disposal of dredged material would not be designated. Disposal of
material acceptable for unconfined, open-water disposal under this alternative
could occur wherever local governments and State and Federal regulatory
agencies would allow. This could include beneficial use projects and/or at
other areas selected on a project by project basis.

4/PSIC: Puget Sound Interim Criterla.
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TABLE 4.2c

Port Gardner (PG) and vicinity
1985-2000

(1,000 C.Y.)

Volume That Could Be
Discharged at the
Designated PG Uncon- Volume to

Total Forecasted fined, Open-Water Confined
Alternative Dredging Volume Disposal Sitel/ D Disposal2/

Site Managment Condition

1 4,943 5/ 2,2i2 2,731

II 4,943 5/ 4,684 259

Ill 4,943 5/ 4,943 0

Volume That Could
be Discharged in Volume to

Total Forecasted Unconfined, Open- Confined
Dredging Volume water Areas Disposal

No Action 3/
(PSIC) 4/ - 4,943 5/ 675 4,26S

l/Estimated volume of future dredged material that could be discharged at
the selected sites (once designated) such that the site wanagcrient condition
would not be violated. Assumptiors and detailed calculations used in deriving
tuese estimates are described EPTA (part II, section 1U).

2/Confined disposal can include upland, nearshore, and/or confined aquatic
disposal methods.

3/For the No Action alternative, public iulLiuser sites for uticonfined,
open-water disposal of dredged material would not be designated. Disposal of
material acceptable for unconfined, open-water disposal uider this alternative
could occur wherever local governments and State and Federal regulatory
agencies would allow. This could include beneficial use projects and/or at
other areas selected on a project by project basis.

4/PSIC: Fuget Sound Interim Criteria.
5/Not involved is the 3.3 million c.y. of dredged material associated with

the U.S. Navy homeport project at Everett.
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TABLE 4.2d

Total Phase I Area
1985-2000

(1,000 C.Y.)

Volume That Could Be
Discharged at the
Designated Phase I Volume to

Total Forecasted Unconfined Open- Confined
Alternative Dredging Volume Water Disposal Sitesl/ Disposal2/

Site Managment Condition

I 19,397 5/ 6,673 12,724

II 19,397 5/ 11,218 &,179

III 19,397 5/ 14,881 4,516

Volume That Could
be Discharged in Volume to

Total Forecasted Unconfined, Open- Confined
Dredging Volume Water Areas Disposal

No Action 3/
(PSIC) 4/ 19,397 5/ 2,250 17,147

1/Estimated volume of future dredged material that could be discharged at
the selected sites (once designated) such that the site management condition
would not be violated. Assumptions and detailed calculations used in deriving
these estimates are described in EPTA (part II, section 10). It is anticipated
that as source control improves and project-specific experience and data
become available, the portion of future dredged material that is suitable for
unconfined, open-water disposal will go up.

2/Confined disposal can include upland, nearshore, and/or confined aquatic
disposal methods.
3/For the No Action alternative, public multiuser sites for unconfined,

open-water disposal of dredged material would not be designated. Disposal of
material acceptable for unconfined, open-water disposal under this alternative
could occur wherever local governments and State and Federal regulatory
aencie- would allow. This could include beneficial use projects and/or at
other areas selected on a project by project basis.

4/PSIC: Puget Sound Interim Criteria.
5/Not included is 3.3 million c.y. of dredged material that is associated

with the U.S. Navy Homeport project at Everett.
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could enter ground water that eventually seeps to marine waters. Impacts from

these sources on marine water quality could be significant, but would likely

be localized to the area around outfalls or seeps. The degree of chemicals

associated with effluents can be controlled through a variety of technologies,

including construction of wiers and settling ponds.

(b) Freshwater and Ground Water. Impacts to freshwater and groun4

water quality can arise from two potential sources: (1) release of chemicals

in effluent during dewatering or from uncontrolled runoff, and (2) release of

chemicals via leachate from confined sites which could enter ground water.

Impacts from effluent or uncontrolled runoff will depend on the type of water

(e.g. "hard" versus "soft") and the existing water quality of the receiving

waters. The degree of chemical release associated with effluents can be

controlled through a variety of technologies including construction of wiers
and settling ponds.

Significant adverse impacts to ground water are possible from tte production

of leachate containing chemicals at the disposal site. Because of the geo-

chemical changes that are associated with drying and oxidation, a large pro-

portion of the individual dredged material chemicals may be mobilized. This

potential for leachate concern exists even with dredged material that is suit-

able for unconfined, open-water disposal, due to the geochemical changes that

occur in air. Impacts associated with leachate chemical release will be

greater under the No Action alternative than all the action alternatives. The

magnitude of the impact of leachate production on ground water quality will

depend on the chemical composition and physical characteristics of the dredged

material, the characteristics of the interfacing soils, and the planned use of

the underground receiving waters. Both inorganic and metal species, as well

as organic compounds, may impact ground water quality through leachate

production (Mang et al., 1978; Canter et al., 1977).

Compared to the other alternative site management conditions, the :Ao Action

alternative has the potential for greater volumes of material to be placed on

land. The consequent risks to ground water are proportionately greater for

several reasons. First, greater volumes will affect more acreage, and will

Increase the potential for releases to the ground water. ihese additional

acres (and likely additional sites) can concommitantly decrease the degree of

regulatory and tecanological control and monitoring at the sites. Second,

though the mean concentration of chemicals released into the ground water

could be higher with smaller volumes of more contaminated material than with

larger volumes of less contaminated material, the mass release rate of contam-

inants is substantially higher with the latter simply due to magnitude of the

release. Further, mixing to achieve a true mean concentration is rarely

achievable. Consequently, the more material that is placed on land, even if

of lower mean chemical concentration, the greater the potential risk to ground

water resources.

Tie degree of ground water chemical release due to leachate production can be

controlled through a variety of technologies including leachate collection
systems and construction of liners which inhibit production an(, movement of

leachate to ground water. Leachate production can be reduced by placing

4-10



dredged material below the water table (usually more of an option for
nearshore/intertidal disposal), which can reduce mobilization of particle-
bound contaminants, preventing contact with air. Although control technolo-
gies exist for ground water protection, the costs associated with their
construction can be prohibitive. The need for such control technologies must
be determined on a sediment-specific, pruject-specific basis.

(2) Marine and Estuarine Sediments. Very little impact to marine and
estuarine sediments is expected under this alternative, again because of the
relatively small volume of material that would be placed unconfined in open-
water areas. No significant increase in sediment chemical concentrations in
deepwater of the Sound would be expected since material disposed in open water
under this alternative would have to meet PSIC chenistry values.

For land and shore disposal, adverse impacts might occur at the outfall of the
effluent discharge where fine particles associated with the effluent would
settle. These impacts could be substantially avoided by providing controls to
reduce release of suspended particles and particle-bound contaminants during
dewatering and by limiting rain water runon and runoff.

(3) Air Quality. Under the No Action alternative, air quality could
be impacted by the upland and nearshore placement of material dredged from the
Puget Sound. Sources of impact can arise from the direct volatilization of
chemicals from the dredged material during dewatering and drying, and through
the transportation of contaminated particles with fugitive dust as the surface
of the disposal site dries and is reworked by the wind or heavy equipment.
Such potential problems may require capping or planting to control dust
production.

Release of hydrocarbon combustion products in exhaust emissions from trucks
and other heavy equipment also would be expected to impact air quality at the
immediate site of constuction and disposal activity. The impact of exhaust
emissions on local air quality would depend upon site-specific factors (rural
versus urban).

Overall impact to air quality is expected to be minor, of short-term duration,
and confined to the area around the disposal site.

(4) Land. Disposal of dredged material under this alternative could
significantly impact land development and values in the Puget Sound Region.
Over the period 1985-2000, approximately 17.1 million c.y. of material under
the No Action alternative would require confined upland and nearshore dis-
posal. An estimated 1,063 acres of nearshore and/or uplands would be needed
to handle this material (table 4.3). The amount of land actually available
and environmentally and publicly acceptable for use as disposal sites is
limited. This could prevent some projects from being undertaken.

Currently, little shoreline is available as fill area for dredged material.
Any development of remaining nearshore area for dredged material disposal
sites would potentially result in significant adverse impacts to nearshore
lands and their ecological value. Between 1970 and 1980, 76 percent of the
material dredged by the Corps was placed in upland/nearshore fill sites (most
of these sites were nearshore areas). From 1980 to 1985, the percentage of
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TABLE 4.3

ESTIMATED LOSSES OF LAND AND SHORE HABITAT l/
(ALRES OF LAND/SHORE)

Port Commencement Eiloitt PMase I
Gardner Bay_ _ B Area

Condition I 101 96 274 471

Condition II 10 29 266 305

Condition I1 0 5 162 167

ho Action 2/ 264 230 509 1,063
(PSIC)

1/For purposes of this analysis, average depth of la- ndshore disposal sites
is asswied to be 10 feet.
2/Most dredged material kalmost 90%) would be placed on laud or in nearshore

sites for the No Action alternative. For the other alternatives, some will be
discharged at confined aquatic sites (CAD), while the rest will be placed in

land or nearshore sites. For purposes of this analysis, 60 percent of the
volumes requiring confined disposal are assumed to be headed to land/shore,
the remaining 40% would be placed in CAD sites.

LOSS OF BOTTOM HABITAT AT THF
PSDDA SELECIED DISPOSAL SITES 3/

Acres Lost Percent of Bay

No Action (PSIC) 0 (at public site) not applicable)

Commencement Bay 310 6

Elliott Bay 415 6

Port Gardner 318 2

TUTAL 1,043 0.3 of Phase I
area 4/

3/See USb TA (1987) for an esLination ol dlsposal material spread at the

open-water sites.
4/Phase I area encoupasses about 500 square miles of hwarine waters (500

square miles = 320,000 acres; 1043/320,000 = 0.003).

4-12



dredged material being placed in upland/nearshort areas dropped to 46 percent.
The primary reason for this drop was the lack of acceptable sites due to public
opposition to usage of valuable nearshore lands, and concerns over loss of
habitat for aquatic species (principally salmonids) and water birds. There-
fore, of the 1,063 acres estimated under this alternative to be needed for
nearshore/upland disposal, most of it would likely be upland, because of the
significant adverse impacts usually associated with developing nearshore areas.

b. Impacts and Their Significance to the Biological Environment.

(1) Flora.

(a) Marine and Intertidal. Little impact to marine and inter-
tidal species is expected under the No Action alternative. Impacts that would
occur to intertidal and subtidal macroalgae and eelgrass would primarily be

due to the introduction of short-term pulses of suspended materials from
effluent outfalls that could interfere with photosynthesis by reducing light

availability. This impact would be minor, confined to the area around the
outfall, and can be reduced through proper control of effluent discharge.

(b) Terrestrial. Potentially significant adverse effects to
terrestrial plants may be associated with dredged material disposal under this
alternative, since most dredged material would require confined disposal in
upland or nearshore environments. Site preparation results in complete

destruction of the existing habitat, including removal of vegetation and pos-
sibly excavation of top soil (which can be used to construct dikes, berms or
stored for later use as a soil cap, Canter, et al., 1977). The impacts to

a plant communities under the No Action alternative are treater than those asso-
ciated with the action alternatives considered because of the amount of land
required for construction of disposal sites.

Following disposal, land sites may still result in adverse impacts to plants
recolonizing the area. High salt content and the presence of chemicals of
concern may hinder successful germination and growth of most plant species.
In addition to slowing or preventing reestablishment of plant communities on
site, vegetation around the perimeter of the disposal area may also be acutely
impacted as a result of salt seepage (Harrison and Chisholm, 1974).

Once a disposal site is no longer in use, remedial action can be undertaken to

rehabilitate the land, although this is often difficult and costly to accom-
plish (Grosselink, 1973). Sites can be seeded with saline-resistant plants or
covered with enough top soll to act as an effective barrier between establish-
Ing plants and the dredged material. Additionally, dredged material can be
deep plowed and limed to enhance soil conditioning prior to establishment of
vegetation (CZRD, 1978).

The uptake and accumulation of chemicals of concern in the tissue of plants
established on dredged material can also result in adverse effects to animals
utilizing the site as a foraging area. In turn, these animals can act as
vectors in the transport of chemicals off the disposal site.
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(2) Plankton.

(a) Marine Phytoplankton. Ouly temporary impacts to Larine
plankton are expected under the No Action alternative, as only small volumes
of relatively clean dredged material would be placed at (,Pen-water sites.
Impacts to phytoplankton could result from intermittent pulses of suspended!
material that could interfere with photosynthesis by shielding light and stim-
ulate growth by temporarily raising dissolved inorganic levels in the water
column. Because of the small volumes and low chemical loads expected with
dredged material allowed for open-water disposal, no chemical associated
impacts would be expected. The uverall impacts on primary productlon would
not be significant and would be less than those associated with the other
alternatives considered.

(b) Zooplankton. Little impact to zooplankton is expected1 under
the No Action alternative, as only small volumes of material clean (meeting
PSIC values) would be placed at open-water sites. Primary impacts to zoo-
plankton would result from suspended particles physically interfering with
feeding uechanisms. In addition, zooplankton in tie inmediate area of dis-
posal activity could become entrained by dredged material with resultant
mortalities. The overall impacts on zouplanikton are not expected to be siy-
nificant, should be of short duration, and would typically only occur within
the allowed zone of wixing. impacts to zooplanktoL ULLder this alternatlv,'
would be less than under other alternatives considered.

(3) Invertebrates.

(a) Benthic Infaunal Resources. Marine invertebr;ite communiti'es
will be impacted by open-water disposal activities undertaken with this alter-
native. Impacts will primarily be temporary loss of benthos luc to burial and

smothering by clumps of cohesive dredged material that reach the bottom. Since
disposal activity in any one area would be of short duration and material dis-
posed would be relatively free of chemicals of concern, rapid recolonization
and recovery of the disposal area would be expected.

(b) Intertidal. Intertidal invertebrates would be impacted by
any development of the nearshore environment for use as confined disposal
sites. Physical impacts to sedentary species from dredged material disposal
would result in the iaraediate loss of intertidal comunities duc to Yurlal
during disposal activity.

impacts also would be possible oa intertidal bentliic specis located outside
the diked area and near the effluent outfall. Effects observed at the near-
shore site outfall are expected to be sutlethal ir: n.iture, depending on
whether dredged material contains chemicals in concentrations of concern.

(c) Mobile Crabs and Stiriun Resources. Few iotpacts 1ould be
expected to mobile invertebrate resources under this alternative. Impacts to
shrimp and crab resources would be limited to somre short-term burial. Thi5
impact would be minor and would not adversely impact Puget Sound crab and
siiritip resources. No Impacts would be expected due to dredge_(d aterial
chemicals.
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(4) Fish.

(a) Anadromous Fish. No adverse effects to anadromous fish due
to unconfined, open-water disposal are expected under the No Action alterna-
tive. however, significant impacts to anadromous fish could occur under the
No Action alternative if nearshore habitat areas are used as disposal sites
for dredged material. Development of nearshore habitat for confined disposal
of dredged material would permanently remove the area as valuable habitat for
juvenile salmonids. Outmigrating juvenile salmon use shallow water nearshore
areas as feeding habitat, as well as using these areas to provide cover from
predators. Construction of dikes designed to contain dredged material reduces
the extent of shallow water bottom surface available as feeding habitat. The
density of preferred prey items and the diversity of species are reduced
through disposal site construction nearshore. Any further reduction in unde-
veloped nearshore habitat could significantly influence survival of juvenile
salmonids.

Impacts to outmigrating juvenile salmon can also occur through the accumula-
tion of chemicals obtained feeding upon benthic and epibenthic species found
near effluent outfalls associated with nearshore disposal operations (Malins
et al., 1986). Juvenile salmonids are opportunistic carnivores, feeding pri-
marily upon epibenthic invertebrates. Effluent outfall areas represent dis-
turbed benthic zones often inhabited by dense aggregations of pioneering
benthic invertebrate communities. Such benthic communities can act as a feed-
ing attractant and, if chemicals of concern are present, could act as a major
source of chemical exposure to juvenile salmonids.

Changes in water quality associated with effluent discharge might also alterw or delay local migration. Impacts due to effluent discharge can be miInimized
through a variety of control technologies designed to reduce losses of
associated particles and contaminants from the disposal site.

(b) Bottom Fish Resources. Little impact to bottom fish
resources is expected under this alternative as only a small area of feeding
habitat would be affected by open water disposal. Disposal of material could
temporarily reduce benthic resources through burial; however, the impacted
area would recolonize and again be available as foraging habitat for bottou
fish.

For nearshore disposal, adverse effects to bottomfish rLsources can be compar-
able to those experienced by anadromous fish resources. Loss of habitat and
possible effects near uutfalls are associated with this disposal option.

(c) Freshwater Fishes. Significant adverse impacts to fresh-
water fish species are possible with the disposal of dredged material under
the No Action alternative. Almost all dredged material would require confined
disposal in upland and nearshore environments. Disposal of dredged material
in upland environments can result in exposure of freshwater fish to resuspended
dredged and to dissolved material chemicals that would not necessarily be
released if left in a marine environment. Impacts to freshwater fish would be
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a direct result of the introduction of effluent or leachate discharge into
freshwater habitats. Two sources ot impacts are associaLed with effluent
discharge: (1) impacts due to increases in turbidity and siltation, and
(2) impacts due to increases in chemical concentrations.

Fish species in general, and freshwater game fish in particular, have a low

tolerance for increases in turbidity (Canter et al., 1977). Fish mortality
due to asphyxiation is often the result of the coating effect of fine parti-
cles settling on the gill filaments (Sherk and O'Connor, 1975). Eventual
reduction in fish population size and even local species elimination have been
found as a result of increasing turbidity levels in streams that typically had
low background levels of suspended solids (hollis et al., 1964).

Another significant adverse iwpact due to turbidity and siltatiou on fish pop-
ulations is through the reduction in spawning ground habitat (Hollis et al.,
1964). Ripe running fish will aLandon previously used spawning grounds if
siltation is too great. Siltation will result in suffocation of fertilize"
eggs by reducing oxygen exchange across the egg surface.

Freshwater fish are generally more sensitive to chemicals than are marine
species, and are therefore more susceptible to cheuicals associated with
effluent runoff from confined disposal sites. In addition, toxic metals are
more readily available to organisms in freshwater than in saline waters, in
effect increasing the exposure consequence.

, he impacts associated with both turbidity and cheMic.Al release can be reduc :d

with the use of wiers and holding ponds which act to limit particulate loads
prior to discharge.

(5) Terrestrial Wildlife. Significint adverse impacts to terrestrial

wildlife may be associated with this alternative. Development of upland and
nearshore confined disposal sites could involve the destruction of wildlife
habitat. The types of wildlife and number of species impacted by site con-
struction would depend on the specific type of habitat being destroyed. VIF-

posal site construction on an open field would impact generally smaller-sized
animals and relatively less diverse communities than would be expected if

forested land were utilized as sites for confined disposal. The significance
of the iapact to terrestrial species will depend upon the availability of
nearby habitat (and its carrying capacity) to assimilate displaced wildlife.

Following the life of the disposal site, the land could Decuoe usable once
again as habitat for wildlife, providing the land were reclaimed. Acute and
subiethal chronic effects could become sitnificant in aninals utilizing the
site if plants recolonizing the site accumulate chemicals from the dredged
material.

(6) birds.

(a) Uater Birds. A variety ot birds utilize 1)ueL Sound marine
waters and shoreline for nesting habitat and feeding. Shorebirds, such as
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turnstones, sandpipers, and herons, are exclusively nearshore in distribution
while other types of water birds, such as waterfowl, gulls, terns, and sea-
birds are found in both nearshore and open bay habitats. The most significant
impact of the No Action alternative on waterbirds would be the possible loss
of shoreline habitat and feeding grounds in those areas where nearshore
disposal sites are constructed.

In addition to losses in habitat and feeding grounds, some contaminant trans-
fer to water birds can be expected in those species feeding on invertebrates
that recolonize dredged material with the chemicals of concern deposited in
nearshore areas.

(b) terrestrial Birds. Terrestrial birds could be adversely
impacted under this alternative because of a reduction in suitable habitat due
to construction of confined upland and nearshore disposal sites. Following
reclamation of the area after the life of the disposal site, sublethal chronic
impacts to terrestrial species could occur due to ingestion of plants and
animals that have accumulated chemical from the dredged material.

(7) Marine Mammals. No significant impact is expected on porpoise,
whales, harbor seals, and sea lions that utilize Puget Sound due to the No
Action alternative. Food sources for these species are not found at depths

associated with probable disposal sites (greater than 200 feet). Water column
effects (due to turbidity plume) to food organisms would not significantly
impact feeding by these mammals since any effects on food organisms would be
localized and of short-term duration. Indirect impacts could result from loss
of salmonid habitat (development of nearshore land into disposal sites) which
could reduce the nuwber of salmonid fish, one of the food sources utilized by
marine mammals.

(6) Endangered and Threatened Species. There are four endangered
marine mammals, one endangered bird, and one threatened bird found in the
Puget Sound area. All but one of these species have limited potential to be
impacted by disposal activities undertaken with this alternative, depending on
where the material is placed. The four marine mammals, all whales, do not
utilize the shallower waters along the shoreline as habitat or as feeding
grounds. The one endangered bird species, the peregrine falcon, uaintdin no
active eyries in the Phase I areas of Puget Sound.

On the other hand, the threatened bird, the bald eagle, may experience adverse
impacts from disposal activitites under this alternative if habitat (forested
areas) is taken to create upland disposal sites. Although it is established
that bald eagle reproduction has been seriously affected by biologically
amplified concentrations of chlorinated hydrocarbons and their metabolic
derivatives, it is unknown whether chemicals associated with dredged material
might be amplified in the food chain and affect bald eagles. Eagles feed on a
wide variety of prey items including fish, birds, mammals, and invertebrates.
Toxins from any particular group of prey (such as those species found at an
upland disposal site) would not significantly impact this species providing
animals from the disposal site do not account for a disproportionate share of
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the diet of the bald eagles. Of all the alternatives considerea in the DEIS,
the No Action alternative presents the greatest risk of potential impact to
bald eagles. The significance of this potential impact would depend on the
location of the disposal site(s).

c. Impacts and Their Significance to the Human Environment.

(1) Social Economic. Some Impact could be anticipated over existing
conditions regarding waterborne commerce movements in the Phase 1 study area
and related port terminal and industrial development. Impacts would be due to
delays in dredging cycles and abandonment of some dredging projects because of
the costs associated with dredging and dredged material disposal under this
alternative. The significance of these impacts nay include loss of jobs and
property tax base devaluation. The Dredging and Disposal Activity paragraph
presents a comparative analysis of the costs associated tith this alterna-
tive. Impacts to land and beach use could also be expected if nearshore and
upland sites are developed on preferred recreational sites.

(2) Transportation.

(a) Navigation. Delays in dredging (due to costs associated
with dredged material disposal in upland/nearshore sites), would have an
adverse impact on navigation activity due to channel shoaling. For those that
elect not to dredge their harbors and waterways, shoaling would eventually
reach the point that commercial and recreational traffic would be impaired,
causing severe regional socioeconomic hardships to both the private and public
sectors. The high cost of confined disposal relativte to unconfined disposal
(three to ten times more expensive), would result in some projects being held
in abeyance. because data were not available for specitii projects, the
analysis contained in the EIS does not address this situation. The analysis

presumes that all forecasted dredged material will be removed and placed in a
disposal site.

lihile potentially significant, tne foregotie benefits (fov iiew projects) and
economic impacts (for maintenance projects) of not dredging are similarly
dependent on project-specific factors. With available infornation, it Is not

possible to quantify these potential adverse effects of No Action.

(b) Land. Impacts to land transportation would ,e the great~st
under this alternative since all dredged material not delivered to a nearshore
disposal site by pipeline would oave to be trucked to the Jisposal site.
Iruck hauls and traffic congestion could impact normal traffic flow under this
alternative more than the other alternatives which allow for greater use of
unconfined, open-water disposal.

(3) Dredin& and Dispojsal ActivLt.. The iripact o the iio action
alternative on dredging and disposal activity would be dependent on the avail-
ability of upland and aearshore confined disposal sites, and the costs ass0-
clated with disposing of most dredged material at confined sites. Both of
these factors would influence on the feasiuility of i specific dredging
project.
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Public, multiuser, large capacity confined disposal sites are not presently
available in the Puget bound area. In the past, nearshore areas (tidelands
and fill for piers, etc.) and upland sites were used on a case-by-case basis
depending on site availability. Acquisition and preparation of sites suitable
for accepting 88 percent of the Phase I material projected to be dredged by
the year 2000 would likely be cost prohibitive.

Tables 4.4 through 4.7 display the estimated costs of dredged material test-
ing, dredging and disposal, compliance inspections, and enviromiental monitor-
ing for the alternative site conditions and the No Action alternative. Total
costs and costs per cubic yard are presented by site and for all of the
Phase I area. Per table 4.6, total costs of taking most of the forecasted
dredged material to confined disposal is about $331 million. Costs associated
with dredging and disposal under the other alternatives considered ranged from
$150 million (Site Condition III) to $268 million (Site Condition I).

(4) Native American Fishing. If significant portions of nearshore
areas are used as disposal sites, this could impact Native American "usual and
accustomed grounds and stations" used for fishing. Stations for setting sta-
tionary gill nets could be reduced with the construction of shoreline disposal
sites. Contrary to short-term impacts to salmonid fisheries that are possible
with unconfined, open water disposal of dredged material, any losses of
shoreline associated with this alternative would be permanent.

The potential for traffic conflicts between dredged material disposal activi-
ties and Indian fishing would be minimal under this alternative as few barges
would be going to open-water disposal sites. There may be some traffic con-
flicts during nearshore disposal when barges are used to transport material to
the site.

Impacts to biological resources of concern to Native Americans is covered
under Section 4.02.b., Impacts and Their Significance to the Biological
Environment.

(5) ,aon-Indian Commercial and Recreational Fishin&. The very limited
unconfined, open-water disposal activity that could result with the No-Action
alternative would produce few, if any, adverse effects to non-Indian fishing
activities. Nearshore confined disposal sites, on the other hand, could
result in displacement of shoreline sports fisheries. The potential for this
displacement to occur, and the severity of the effects, would depend on
specific site locations.

(6) Human Health.

(a) Via Seafood tonsumptiun. No impact on human inealth is
anticipated from the consumption of seafood impacted by disposal activities
under this alternative. Little unconfined, open-water disposal of dredged
material would take place and the material allowed for open-water disposal
would be relatively free of chemicals of concern. Some impacts might occur
due to chemicals associated with effluent discharge from confined disposal
sites; however, such impacts would be localized to the immediate site of the
discharge.
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TABLE 4.4

TESTING, DREDGING AND DISPOSAL, COMPLIANCE AND
MONITORING COSTS kOR TihE ALTERNATIVE DISPOSAL SIIES

Costs ($i,000)
Dredging &

Testing i/ Disposal 2/ Compliance3/Monitoring 4/ Total

Commencement Bay:
Condition I 980 46,953 159 252 48,344
Condition II 820 21,658 373 547 23,398
Condition I1 726 13,058 446 1,234 15,465
No Action (PSIC) 1,430 62,630 38 5/ 0 6/ 64,098

Elliott Bay:
Condition I 5,068 159,736 367 234 165,405
Condition II 4,979 155,746 398 433 161,556
Condition Ill 3,874 113,285 727 692 118,578
No Action (PSIC) 3,674 186,572 225 5/ 0 6/ 190,471

Port Gardncr:
Condition I 1,131 52,311 2 i 227 53,93u
Condition II 1,194 16,862 553 495 19,104
Condition IIl 1,210 13,148 583 1,0C8 16,029
No Action (PSIC) 1,730 74,352 112 5/ 0 6/ 76,194

1/Testing costs included cost of coring, chemical testing, biological test-
ing (aquatic and land) QA/QC, and administration.

2/Dredging and disposal costs include cost of dredging, hauling, and dis-
posal of material, both for material to unconfined, open water ind that going
to upland/nearshore/aquatic capped disposal sites.

3/Loiapliance inspection costs result frow ensuring that dredging contractors
are complying with disposal site use requirements. Compliance inspection
costs were estimated by a given fee per c.y. of material that would be dis-
posed at the open-water sites under each option. For each option, It was
assumed that 60 percent of the volume would be for projects under 15,000 c.y.
(the break even volume to reach the minimum charge of $2,000), and inspection
costs were assumed at $0.i5 per c.y. For the remainder of the volume, the
$0.07 per c.y. was used to estimate costs. No regulatory agency compliance
inspection costs (fees) were assumed for confined disposal ;is these costs
would be included within the total project costs incurred by the dredged for
the confined disposal site.
4/Monitoring costs are those cosLs associated with wonitorine the unconfined,

open-water disposal sites under PSDDA site condition II. Costs for PSDDA
Condition I assumc no full monitoring level of effort, only partial level of
effort every 5 years. Costs for PSDDA Condition III assume full monitoring
every 2 to 3 years. No regulatory agency monitoring costs (fees) were
included for upland/nearshore confined disposal sites for the same reason that
compliance inspection costs were excluded.

5/Compliance inspection under PSIC is expected to be minimal. The Phase T
area cost of 375,000 is considered the minimuri effort required to conduct
compliance inspections over a 15-year period.
6/Monitoring of unconfined, open-water disposal sites is not required under

PSIt.
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TABLE 4.5

TESTING, DREDGING AND DISPOSAL,
COMPLIANLE AND MONITORING COSTS FOR THE PHASE I AREA

Costs (11,000)
Dredging & Compliance

Alternative Testing 1/ Disposal 2/ Inspection3/ Monitoring4/ Total

Condition I 7,179 259,001 787 712 267,679

Condition II 6,993 194,2b6 1,324 1,475 2U4,056

Condition III 5,810 139,492 1,756 3,014 150,072

No Action (PSIC) 6,834 323,553 3755/ 06/ 330,762

1lesting costs included cost of coring, chemical testing, biological test-
ing (aquatic and land), QA/QC, and administration.
2/Dredging and disposal costs include cost of dredging, hauling, and dis-

posal of material, both for material headed to unconfined, open water and that
going to upland/nearshore/aquatic capped disposal sites.

3/Compliance inspection costs result from ensuring that dredging contractors
are complying with disposal site use requirements. Compliance inspection
costs were estimated by a given fee per c.y. of material that would be dis-
posed at the open-water sites under each option. For each option, It was
assumed that 60 percent of the volume would be for projects under 15,000 c.y.
(the break even volume to reach the minimum charge of $2,000), and inspection
costs were assumed at $0.15 per c.y. For the remainder of the volume, the
$0.07 per c.y. was used to estimate costs. No regulatory agency compliance
inspection costs (fees) were assumed for confined disposal as these costs
would be included within the total project costs incurred by the dredged for
the confined disposal site.
4/onitoring costs are those costs associated with monitoring the unconfined,

open-water disposal sites under PSDDA site condition II. Costs for PSDDA
Condition I assume no full monitoring level of effort, only partial level of
effort every 5 years. Costs for PSDDA Condition III assume full monitoring
every 2 to 3 years. No regulatory agency molitoring costs (fees) were
included for upland/nearshore confined disposal sites for the same reason that
compliance inspection costs were excluded.

5/Compliance inspection under PSIC is expected to be minimal. The Phase I
area cost of 4375,O0O is considered the minimum effort required to conduct
compliance inspections over a 15-year period.

/Monitoring of unconfined, open-water disposal sites is not required under
PSIC.
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TABLE 4.6

SUMMARY OF SITE-SPECIFIC TOTAL COSTS FOR
THE ALTERNAIIVE SITE hANAGENENT CONDITIONS I/

Site Condition

No Action

Site Condition 1 Condition II Condition III (PSIC)

LommencemenL bay $48,344,000 t23,398,000 415,465,000 $64,098,000

Elliott Bay 165,405,000 161,556,000 llb,578,000 190,470,000

Port Gardner 53,930,000 19,O04,000 16,029, 000 76,194,000

Total Costs t267,679,000 t204,058,000 $150,072,000 330,762,000

1/Options include the three alternative site conditions under PSDDA and the
EIS No Action alternative (use of PSIC). Assumptions and derivation of these
costs are contained in EPTA.

TABLE 4.7
SUMMARY OF COSTS PER CUBIC YARD

FOR EACH DREIXING AREA (t/C.Y.) l/

Port Gardner Elliott Bay Commencement Bay

Site Condition I S
Unconfined 3.50 5.5G 3.60
Confined 17.20 19.90 i?.00

Site Londition Ii
Unconfined 3.30 5.30 3.4J
Confined 17.30 20.00 17.00

Site Condition III
Unconfined 3.30 5.30 3.43
Confined 17.10 • 19.80 16.96

No Action (PSIL)
Unconflined 4.60 6.50 4.70)
Confined 17.20 19.90 i0.10

I/Unit costs are derived in EPTA. In addition to those assumptions listed
in-EPTA, costs per cubic yard were derived by assuraing that unconfined, open-
water disposal would be the initial preference for all projects. This resulted
in allocating the majority of testing costs (e.g., sampling and chemical test-
ing) shown in EPTA to the unconfined option; only "land biological testing"
was allocated to contined disposal. All compliance and nonitoring costs were
allocated to unconfined, open-water disposal. Costs are rounded to the
nearest 10.10.
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(b) Via Drinking Water. When marine/brackish, dredged material

containing chemicals of concern is placed in a confined nearshore or upland

disposal facility, the potential exists to generate leachates that could have

an adverse effect on ground water and surface drinking water. This can occur

even with material that is suitable for unconfined, open-water disposal due to

geochemical changes on land. Under the No Action alternative, raost dredged

material would be placed in a confined site. Because of this, the potential

for major impacts on drinking water supplies exists, especially if design fea-

tures such as leachate collection systems, effluent control, or runoff control

are not used or fail. The relative potential for drinking water contamination

is greater under this alternative than it is under the other alternatives.

(c) Via Inhalation of Dust. Dredged material placed on near-

shore and upland disposal sites provides a potential source of dust with

chemicals of concern that could have an impact on tne health of workers at
disposal sites where material is being depositied and reworked. Inhalation of

dust can also be a problem at closed disposal sites that are being prepared

for alternate uses. The impacts to human health from inhalation of dust with

chemicals can be minimized by application of suitable ground cover.

(d) Via Direct Exposure. Little direct exposure to contaminated

dredged material is expected. The only segment of the population that might

be expected to come into direct contact with dredged material are workers

directly involved in dredging operations or at upland and nearshore disposal

facilities.

(7) Noise. Few noise impacts are expected at open-water disposal

sites because of the low level of open-water disposal activity expected under

U the No Action alternative. The most significant noise impacts would occur

with activities associated with upland and nearshore disposal operations.

Truck hauls would be greatest under this alternative and an increase in noise

level could occur, commensurate with the increase in activity around desig-

nated disposal sites. The significance of these noise impacts will depend on

whether the sites are located in rural or urban/industrial areas.

(8) Esthetics. Disposal operations at open-water sites are not

expected to significantly affect the esthetic quality or experience in Puget

Sound. Open-water disposal would uot occur to a significant degree since a

very little volume of dredged material would be disposed under this alterna-

tive at open-water sites. When open-water disposal does occur, operations

will be only a minor part of marine activities.

Esthetic qualities on land, however, could be significantly impacted by dis-

posal operations under this alternative. Viewers may be distracted by devel-

opment of confined upland or nearshore disposal Sites and by the operations

activity that would occur during disposal. The degree of impact on esthetic
quality will depend on disposal site placement. Sites developed in indus-

trialized areas are likely to not have as great an impact as sites developed

in open or forested land or along shorelines.

(9) Historic Impacts. As part of the disposal site identification

mapping studies, a literature search was undertaken to establish if any his-

torically significant shipwrecks were located within the Phase I area (see
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DSSTA). Many were identified, but none within the selected .nd alternative
disposal sites. In March 1988, additional literature review dnd sidescan

sonar studies were made of the three selected sites. The Commencement Bay and
Port Gardner sites were confirmed as being free of shipwrecks. However,
shipwrecks were found at the Elliott Bay site. Further studies are underway
here to mitigate for potential adverse impacts in close coordination with the
State of Washington Office of Archaeology and Historic Preservation (see EIS
exhibits C and ).

d. Cumulative Impacts. A variety of cumulative effects to the environ-
ment could occur under the No Action alternative. These are described sepa-
rately as effects that are due to unconfined, open-water disposal and effects
that are due to confined disposal of material defined as unacceptable for
unconfined, open-water disposal.

Only a very small quantity of tte dredged material (with the lowest concenEra-
tions of chemicals of concern) is expected to receive open-water, unconfined
disposal under this alternative. Disposal of this material would not result
in unacceptable adverse effects to the marine resources of Puget Sound due to
chemicals in the sediment. However, since individual sites would be estab-
lished by each dredger, a large number of disposal sites are possible from the
No Action alternative. Physical impacts from disposal could be significant
with a large number of sites. If disposal occurred at separate locations, a
worst case of 7,200 acres of bottom habitat could be disturbed each year
compared to a total of approximately 1,000 acres of bottom habitat that would
be disturbed at the three selected multiuser sites as proposed.

(The 7,200-acre figure assumes that 150,000 c.y. of material are disposed each
year in 100 separate dumps of 1,500 c.y. each, and that deposition occurs over
72 acres per dump as described by the numerical dump model, see section
2.03.h.dl). In reality, many projects would dispose greater than the 1,500
c.y. assumed, and fewer individual disposals would occur, so that fewer acres
would actually be disturbed. Still, there is a potential for physical dis-
turbance of the largest overall area, and of higher value habitat areas, under
the No Action alternative.)

Peruitting auttiorities would unly allow opvn-water disposals to occur if,
individually, their adverse impacts would not be significant. However, this
would be determined on a cabe-by-case basis, and Less overall control or cou-
sideration would be given to whether cumulative physical effects were becoming
significant. decaube the only material that could be disposed in water would
have at most only very low (background) chemical concentrations, full recovery
frou any physical bentlhic habitat disturbance would occur rapidly. It is
therefore considered that open-water cumulative effects would not be likely to
become significant for the No Action alternative.

In contrast, cumulative effects due to confined disposal of 17.1 million c.y.
of dredged material would be more significant than under any other alterna-

tive. The most significant contribution to cumulative effects resulting from
open-water disposal would derive from construction and operatioLn of nearshori,
disposal sites. The construction of such sites could affect valuable shore-
line habitats that serve a variety of critical functions to different life
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history stages of many important Puget Sound species. Such sites can also
affect wetland habitats that not only serve many critical functions, but .lave
already suffered significant levels of cumulative effects both in the Puget
Sound region and nationally.

An estimated 1,063 acres of upland/nearshore habitats are likely to be
required in the PSDDA Phase I area for confined disposal under this
alternative (table 4.3). To the extent that the habitats described above are
included with this acreage in future permit requests, a variety of impacts
could occur. Nearshore disposal could contribute to cumulative impacts on
spawning and juvenile rearing habitat for marine and anadromous fish, spawning
and cover habitat for commercially important invertebrate species such as
Dungeness crab and shrimp, habitat for shellfish such as clams and oysters,
and feeding for shorebirds. Disposal at upland sites could potentially affect
ground water quality via leachate with chemicals of concern, surface water
quality if runoff carries chemicals from the sites, and freshwater aquatic
resources if surface water quality is degraded to the point that long- or
short-term toxic effects occur. In addition, losses of upland habitats thetn-
selves can be significant, if high value habitats cannot be entirely avoided
when selecting the sites.

Until studies can be undertaken to identify multiuser confined disposal sites,
it will not be possible to determine the degree to which upland, nearshore, or
wetland habitats may actually be affected. However, tne Ao Action alternative
has the potential to affect the greatest amount of these habitats because it
would require the greatest volume of material to receive confined disposal.

e. Relationship to Existing Plans, Policies, and Controls.

(1) Glean Water Act, Sections 404/401. Because of the low chemical
levels expected in material allowed for unconfined, open-water disposal under
the No Action alternative, identification of suitable disposal sites would
also likely be consistent with 404(b)(1) guidelines. Consistency of all
upland/nearshore disposal sites to 404(b)(1) guidelines would need to be
evaluated on a project-by-project basis. The same is true for State water
quality certification pursuant to Section 401 of the CWA.

(2) Coastal Zone Management. The Coastal Zone Management Act (CZMA)
(Public Law 91-583: 86 Stat. 1280) was passed by the United States Congress
in 1972. In June 1976, the State of Washington Coastal Zone Management
Program (CZMP) was approved to receive funding allowing the CZIA to be iriple-
mented via the State Shoreline Managment Act (SMA) of 1971. As passed by the
State legislature, the SMA provides "for the management of 4ashington's shore-
lines by planning and fostering all reasonable and appropriate uses." The SMA
is implemented through detailed planning efforts that culminated in the Shore-
line Master Programs (SLB) for the large municipalities and counties of the
State. Consistency of the No action alternative with the SNA and the current
State CZMP, and satisfying consistency with State and Federal CZM require-
ments, would depend on where unconfined, open-water disposal sites were
located. Dredging projects which could affect other lands under jurisdiction
of CZMP would have to be evaluated on a project-by-project basis.
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(3) Shoreline Master Program. Open-water disposal sites for dredged

material allowed under the No Action alternative would be obtained from the

appropriate local shoreline jurisdiction, on a case-by-caie basis.

(4) Department of Natural Resources (DNR) Policy on Open-Water

Disposal of Dredged Material into Puget Sound. Under the No Action plan, no

multiuser sites would be available. Although no designation of a general use
site would be made by DNR, any proposal for an open-water disposal action

would likely require review and approval by DNR.

(5) Executive Order 11990, Protection of Wetlands. The intent of

Executive Order 11990 is to protect wetlands because of the significant cumu-

lative losses that have occurred, and due to their high value to biological

productivity and their many other critical functions. Wetlands could be

directly affected by the NIo Action alternative. Dredging projects which could

affect wetlands would be evaluatated on a project by project basis at the time

tie project is reviewed ior permits under Section 404 of the (lean Water Act.

The No Action alternative would increase the likelihood of filling wetlands

with dredged material relative to other alternatives.

(6) Executive Order 11988, Flood Plain Management. The intent of

Executive Order 11988 is to provide guidance and regulation for projects

located in, and affecting, the flood plain. E.O. 11988 requires, to the

extent possible, avoidance of long- and short-term adverse impacts associated

with occupancy and modification of flood plains. Disposal of dredged material
in upland and nearshore sites could impact a flood plain; however, disposal

siting would need to be evaluated on a site-by-site basis to ensure compliance
with E.O. 11968.

(7) Puget Sound 14ater Quality Lomprehensive Plan. The Puget Sound

Water Quality Comprehensive Plan was adopted 17 December 1986. The contaml-
nated sediment and dredging progra of the plan contains a sediment program,

goal "to reduce and ultimately eliminate adverse effects on biological

resources and humans from sedimeat contamination throughout the Sound by

reducing or eliminating discharges of toxic contaminants and by capping,

treating, or removing contatinated sediuents." The plan atso alopts the

following policies which shall be followed by all State and local agencies in
actions affecting sediuent quality, including ruleiaaking, settin, priorities

for funding and actions, and developing permit programs:

"All government actions wilL lead toward eliminating tue

presence of sediments in the Puget Sound basin that cause

observable adverse eftects to biological resources or pose a
serious health risk to humans."

"iPrograms for ;janagement of dredging and disposal of sedi-
ments should result in a net reduction in the exposure of

organisms to adverse effects. (The intent of this poTicy is

that dredging and disposal contribute to the cleanup of the
Sound by allowing unconfined, open-water :,ites to hijve only

low levels of contamination and to dispose of more contami-

nated sediments in a wanner that prevents contintied exposure
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of organisms to adverse effects. For proposals where dredg-
in& will expose contaminated sediments, project-specific
mitigation measures may be required."

"Remedial programs (which may include capping inplace) shall

be undertaken when feasible to reduce, with the intent of
eliminating, the exposure of aquatic organisms to sediments
having adverse effects."

The No Action alternative fully complies with the above goal and policies.
Dredged material discharged in the Sound would not contain chemicals of con-
cern at levels that would result in observable adverse effects to biological
resources.

(8) American Indian Religious Freedom Act. The American Indian
Religious Freedom Act of 1978 (AIRFA) requires Federal agencies to ensure that
none of their actions interfere with the inherent right of individual Native
Americans (including American Indians, Eskimos, Aleuts, and Native Hawaiians)
to believe, express, and exercise their traditional religions. These rights
include access to religious sites, use and possession of sacred objects, and
the freedom to worship through traditional ceremonials and rites. The AIRFA
requires consultation between Federal agencies and Native Americans to ensure
that federally supported projects or projects on Federal land do not Infringe
on the religious practices of Native Americans.

Coordination between PSDDA agencies and potentially affected tribes has

occurred throughout the study, and is an ongoing process.
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ENVIRONMENTAL EFFECTS OF THE
ALTERNATIVES CONSIDERE~D FOR COMMENCEMENT 13AY
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4.03 Alternative CBI-II: Commencement Bay Site 1 with Site Condition II -

Selected Alternative. The final EIS alternatives evaluated for the
Commencement Bay area are listed in table 4.8.

a. Impacts and Their Significance to Physical Lnvironment.

(I) Water Quality.

(a) Marine Water. Unconfined, open-water disposal activities at
the selected site will probably not significantly affect water quality condi-
tions in Commencement Bay (i.e., currently Class A waters) except in the
immediate vicinity of the disposal site during disposal operations.

Some short-term water quality impacts are anticipated following disposal
activities from bottom dumped barges. This is due to elevated levels of sus-
pended solids within the dredged material plume. Water quality monitoring of
the experimental disposal site in Elliott Bay during and after disposal opera-
tions showed no significant long-term impacts to water quality for up to
9 months (Baumgartner et al., 1978; Schell et al., 1978; Pavlou et al.,
1978). Transient impacts observed included elevated levels of PCB (i.e.,
increases from 3 ng/l to as high as 3 ug/l), d-Mn, and NH3-N, which were all
associated with increased suspended solids levels and were short term
(generally minutes) in duration. No important chemical changes in the water
column were documented during disposal activities at the Columbia River ADFI
site located off the mouth of the Columbia River, or at other sites throughout
the country during the Dredged Material Research Program (DMRP) (Wright 1978).

* TABLE 4.8

FINAL EIS ALTERNATIVES EVALUATED FOR COMMENCEMENT BAY

Addressed
EIS Alternative Description in EIS Section

CBl-Il Commencement Bay Site 1 4.03
and Site Condition II
(selected alternative)

CB2-11 Commencement Bay Site 2 4.04
and Site Condition II

CBI-I Commencement Bay Site 1 4.05
and Site Condition I

CBI-III Commencement Bay Site 1 4.00
and Site Condition III

Selection of Commencement Bay dlternative 4.07

4-29



Though a suggested source of chemical contribution to the sea surface micro-

layer, dredged material chemical input to the microlayer Iiis not been verified

or quantified, but is not considered significant relative to other probable

sources from permitted discharges (e.g., sewage effluent) (Nocd and
Ebbesmeyer, 1984; Word, et al., 1986; Hardy and Cowan, 1986). Contributions
to the sea surface microlayer will coutinue to occur fro, a variety of

sources, including airborne sources (dry particulate fallout, precipitation,
gases, and animal materials, land sources (including shoreline erosion, river

runoff, discharge of sewage and industrial effluents, and spills from vessels

and land based facilities), and nearsiore sediments (through upwelling, buL-
bles, or biochemical transformations). Observations of shoreline contamina-

tion in Puget Sound strongly iuplicete sewage disciiarges and street runoff as
primary causative agents (Word and Lbbesmeyer, 1984). A review of the litera-
ture on sea surface microlayer composition, sources, and impact6 or, phyto-

plankton and phytoneuston is presented in a PSDDA report prepared Word, et
al., 198b. To ensure that dredged material disposal does not result in the
release of unacceptable concentrations of chemicals into the water column, the
PSDDA evaluation procedures call for water column testing if warranted on a

case-by-base basis.

in addition to the above impacts, suspended dredged uaterial ray become incor-

porated in the nepheloid layer that is found near the sediment/water inter-
face. A quantitative estimate of the amount of disposed waterial that might
become associated with the nepheloid layer is not possible, however, the level

of contribution is not expected to be significant. Indirect evidence of

dredged material contribution to the nepheloid layer was suggested in research
conducted during the Lorps Field Verification Program in Long Island Sound.
Benthic species near the experimental disposal site exhibited increased levels S
ot certain chemicals during disposal activities. Follouinp disposal, however,

tissue residue values dropped to background levels in organisms collected near
Lte site (FVP study, 198/). The PSDDA monitoring program for the open-water
sites calls for collection of tissue residue data for benthic species
collected off the disposal site to further evaluate potential impacts due to
the nepheloid layer (contributions).

In couclusion, only transient and temporary changes in suspended solids levels

and increased levels of sediment-bound chemicals are expected during disposal
activities. Significant adver-be impacts to water quality are not expected.

(b) Freshwater and Ground Water. Impacts to freshwater and
ground water quality can arise fro, two potential sources: (i) release of
chemicals in effluent during dewatering or from uncontrolled runoff, and

(2) release ot chemicals via leachate from confined sites Vhica coul<i enter
ground water. impacts from effluent or uncontrolled runoff will depend on the
type of water (hard versus soft) and the existing water quality of the
receiving waters. The degree of chemical release associated with effluents
cd be controlled through a variety of tecunologies including: construction of
wiers and settling ponds.

4-30)



Significant adverse impacts on ground water may result from the production of
leachate containing cheaicals of concern at the disposal site. Because of the
geochemical changes that are associated with drying and oxidation, a large
fraction of sediment chemicals can be mobilized. The magnitude of the impact
of leachate production on ground water quality will depend on the chemical
composition and physical characteristics of the dredged material, the ciarac-
teristics of the interfacing soils, and the planned use of the underground
receivin6 waters. The relative potential for freshwater and ground water
chemical release under this alternative is less than the impacts that would be
predicted if Site Condition I had beeu selected for unconfined, open-water
disposal sites and greater than the impact if Site Condition III had been
chosen.

(2) Marine and Estuarine Sediments. A numerical model was used to
predict the fate of dredged material disposed in open water and to provide an
estimate of the area over which material might spread. The model employed
bathymetry and tidal current conditions representative of Commencement Bay
site 1 (Trawle and Johnson, 1986). Estimates of disposal patterns of dredged
material developed by the numeric models were used to define the disposal
boundaries. The long-term disposal pattern for Commencement Bay site I is
expected to be a circle, concentric with the 1,800-foot diameter disposal zone
boundary (DSS TA, 1987). The disposed material would have a diameter of
approximately 4,000 feet; however, the disposal model data indicate that the
vast majority of material from each disposal will be deposited in an area
measuring approximately 1,000 feet in diameter, covering approximately
20 acres. The overall size of the disposal site will be governed, however, by
the amount of material being deposited, sediment bulking factors, material
characteristics that govern stable side slopes of the disposal mound, effects
of bottom slopes, and settlement characteristics.

Site capacity is not expected to be exceeded in the foreseeable future. An
estimate of site capacity, based on flat bathymetry, can be made assuming that
the slhape oi the disposal mound at capacity can be approximated by a truncated
cone with a base diameter of 4,000 feet (disposal site boundary), a height of
34 feet (3.4 percent angle of repose), and a diatieter at the top of the cone
equal to 2,000 feet (DSS TA, 1987). A truncated cone with this geometry has a
volume equal to approxituately 9 million c.y. It was assumed that bulking
effects which take place during dredging and disposal operations will be off-
set by the long-term consolidation of the disposal mound. This assumption
equates to a one-to-one ratio of dredged volume to site capacity volume.
Since all three Phase I sites have areas at least equal to a circle having a
diameter of approximately 4,000 feet, each has capacity in excess of 9 million
c.y. Assuming that an annual average of the volumie that could be discharged
at the selected Commencedent Bay site over the period 1985-20001/ is
experienced beyond the year 2000, the 9 million c.y. capacity would be reached
in the year 2028.

I/See table 4 ?a.
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Surface sediments at Commencement Bay site 1 are primarily fine mud and clays
(Hileman and Matta, 1983; DSS TA, 1987) and the site appears to be one of net
deposition. Material expected to be disposed at the open-water site will
range in grain size from primarily silt and clays (Commencement Bay waterways)
to material that is primarily sand (Carr Inlet, Ruston-Point Defiance Shore-

line) (Tetra Tech, 1986). Forecasts of dredging activity for the Commencement
Bay area, however, indicate that most of the material dredged will be from the
waterways that are predominantly composed of silt and clays. Although some
changes in grain size distribution at the disposal site can be expected due to
disposal of Commencement Bay area dredged material; however, these impacts are
not expected to have a significant adverse impact on the sediments of the area.

Sediment chemistry analyses of samples from the area of site 1 outside the
probable impact area of the existing disposal site did not reveal elevated
levels of chemicals of concern. The chemical levels were found to be gen-
erally similar to other areas in outer Commencement Bay (Hileman and Matta,
1983). Chemical levels at site 1 are generally lower than levels that could
be discharged at the unconfined, open-water disposal sites under Site Condi-
tion II. See section b., "Impacts and Their Significance to Biological
Environment" for a discussion of the possible impacts to biological resources
due to potential increases in sediment chemicals.

(3) Air Quality. No significant loading of concern chemicals to the
existing air environment is anticipated as a result of forecasted disposal
activities at the preferred site in Commencement Bay. Tugboat towing of barges
to the disposal site is expected during the normal 20-25 days of average annual
usage. During this usage, about one to two barges/day would be discharging at
the site, with peak activity of five barges/day (table 4.9).

h
Some hydrocarbon releases, including hydrocarbon byproducts and particulates
from diesel fumes would be released during disposal activities at both the
open-water disposal site and at upland/nearshore sites. Negligible concentra-
tions of hydrogen sulfide gas may also be released from the dredged material
during open-water disposal activities. In summary, no significant impacts are
anticipated to the air quality environment in Commencement Bay as a result of
disposal activities due to the selected alternative.

(4) Land. Habitat losses associated with dredged material that must
be placed in all disposal sites (benthic/land/shore/confined) could Include
loss of benthic habitat, wetlands, loss of fish feeding and rearing habitat,
loss of land vegetation, and loss of natural shoreline areas (see sections
2.04 and 4.02 above). An estimate of habitat losses was developed for the
Commencement Bay selected alternative (table 4.3), and indicating that
approximately 310 acres of benthic habitat would be covered by the selected
disposal site, while land and shore losses would approximate 29 acres. It is
not possible to further distinguish between upland and nearshore losses since
development of either would depend on relative site availability. The
Commencement Bay area has several previously Identified areas with capacity
for disposal (Phillips et al., 1985). Additionally, with existing navigation
proposals for filling of outmoded slips and waterways, potential nearshore
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TABLE 4.9

ESTIMATED USE AT UNCONFINED, OPEN-WATER
DISPOSAL SITES

Average
Antual Disposal Maximum Average Peak

Site Site Usel/ Rate of UseaJ Rate of Use 3/
(days/year-) (barges/day)- (barges/daj)

Commencement Bay 20 - 2- 1 - 2 5

Elliott Bay 45 - 50 2 - 4 10

Port Gardner 30 - 35 2 - 3 5

1/Estimated site use is for normal dredging activity and is based on the
mid-range of disposal volumes used in the environmental monitoring fee
analysis (see MPTA, exhibit 1). Proposed large navigation improvement
projects, e.g., Duwamish and Blair-Sitcum, which might require substantial
dredging, are not included here. Impacts of these projects would be evaluated
separately in project environmental documents. The estimates take into
consideration that not all dredged material that is acceptable for unconfined,
open-water disposal will be discharged at the designated public disposal sites.

2/Average level of activity during those days of actual site use.
3/feak level of activity during those days of actual site use.

sites are also relatively availdble providing that site development meets
environmental requirements for disposal of dredged material.

The significance of these losses will depend on the ecological value and pre-
vious uses of the land prior to its use as a dredged material disposal site.
The open-water site used for unconfined dispusal is expected to be recolonized
following cessation of disposal activity (see Section 4.03.b.(3)(a), Benthic
infaunal Resources). Land sites that are developed for iuman use (e.g. dis-
posal sites), however, are usually permanently lost from ecological production
unless extensive effort is put into the reclamation. Development uf nearshore
areas could result in significant adverse losses of salmonid feeding habitat.

b. IEtacs and Their Significance to Biological Environment.

(1) Flora.

(a) Marine and Intertidal. Little impact to marine and inter-
tidal species is expected under this alternative. Impacts that would occur to
intertidal and subtidal macroalgae and eelgrass would primarily be due to the
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introduction of short-term pulses of suspended materials from effluent out-
falls that could interfere witti photosyntLiesis by reducing light availabil-
ity. This impact would be expected to be minor and confined to the area

around the outfall and can be reduced through proper control of effluent dis-

charge. Relative impacts under this alternative would be less than those pre-

dicted if Site Londition I had been chosen for the unconfined, open-water

disposal sites and greater than impacts if Condition III had been chosen.

(b) Terrestrial. Significant adverse impacts to terrestrial

plants can result with disposal of dredged material at confined upland sites.
Site preparation requires complete destruction of the existing habitat includ-
ing removal of vegetation and possibly excavation of top soil (which can be
used to construct dikes, berms or stored for later use as a sol cap) (Canter
et al., 1977). Under this alternative, approximately 29 acres of upland and
uearshore area would be used to develop confined disposal sites. The impacts

to plant communities under this alternative are greater than those associated
with Condition III and less tnan the impacts associated w1th Condition I.

Following disposal, land sites may still present significant adverse impacts
to plants recolonizing the area. High salt content and the presence of chemi-

cals may hinder successful germination and growth of many plant species. In
addition to slowing or preventing reestablishment of plant communities on
site, vegetation around the perimeter of the disposal area may also Le acutely
impacted as a result of salt seepa6e (Narrison and Chishiolm, 1974).

Once a disposal site is no longer in use, remedial action can be undertaken to
rehabilitate the land, although Lhis i often difficult to accomplish
(Grosselink, 1973). Sites can be seeded with saline resistant plants or
covered with enough top soil to act as an effective barrier between

establishing plants and the dredged material. Additionally, dredged material

can be deep plowed and limed to enhance soil conditioning prior to

establishment of vegetation (CZRD, 1978).

(2) Plankton.

(a) Marine Phytoplankton. Impacts to phytoplankton would resulL

during disposal operations from intermittent pulses of suspended material that
could either promote and inhibit primary production. Turbid mixtures of

organic and inorganic material both interfere with photosynthesis by shielding
light and stimulate growth by raising inorganic nutrient levels above Lack-

ground levels. Impacts can also occur from suspended materials adhering to
tiLe surfaces of cells, interfering with gaseous/nutrient transport across the

cell wall, possibly leading to mortalities. Also, phytoplankton in the path
ot the descending dredged aterial mass would be removed from the euphotic
zone and lost (flocculated). The release of growth inhibitory substances from
the dredged material may also occur. Concern chemicils released during dis-
posal could result in inhibition of photosynthesis by Interfering with
metabolic pathways.
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As disposal operations would not occur during the major portion of the spring
bloom period due to closing for fishery protection, the hign phytoplankton

productivity at that time of the year would not be significantly impacted.
Disposal would occur, however, during the fall bloom period, so that impacts
to the phytoplankton community may be somewhat more pronounced then during
other times of the year. The overall impacts on primary production would be
localized, are likely not measurable, and are not expected to be significant.

(b) Zoop'ankton. Impacts to zooplankton could result from sus-

pended particles interfering physically with active feeding. In addition,
suspended particle loads would dilute the concentration of food particles In
the water for filter feeders and, in some instances, reduce the amount of
available food (due to flocculatiou of phIytoplankton).

Zooplankton in the immediate disposal area could become entrained by the dis-
posal material with resultant mortalities. However, wost zooplankton are
spatially distributed in the water column over wide area and any impacts at
the disposal site would not be expect to significantly affect Commencement bay
zooplankton community structure.

Any impacts to the Commencement Bay zooplankton community would be localized

and short term. Chemicals released from the disposal operation may have meas-
urable, although short term and localized impacts. Localized impacts could
include mortality, inhibition of growth and reproduction. However, the tempo-
ral nature of the disposal and the small percentage of zooplankton impacted
relative to the existing bay-wide community, would render this impact
insignificant.

5 (3) Invertebrates.

(a) Benthic Infaunal Kesources. Two types of impacts would
occur as a result of dredged material disposal at the selected PSDDA open-
water site: (1) physical impacts, and (2) chemical impacts. Each is dis-
cussed in turn with respect to probable impacts to the sedentary benthic
infaunal resources existing within the disposal site and immediately adjacent
to it.

Anticipated physical impacts to sedentary benthic infaunal resources resulting
from dredged material disposal in the selected site would include the imme-
diate, but tewporary, loss ot benthos due to burial and L.,othering by clumps
of cohesive material within the relatively small single dump bottom impact
area ("250-foot diameter," see section 2) of the overall disposal site. Direct
physical impacts from dredged material hitting the bottom will be greatest in
the center of the impact zone and diminishing to negligible impacts toward the
edges of this zone. It is likely that some of the buried infauna will be able
to survive initial burial by vertically migrating out of deposited waterial,
particularly if they are covered by less than 20 centimeters (cm) of
material. Several benthic infaunal species have demonstrated the ability to
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migrate vertically and survive burial induced by relatively thick covers
(i.e., up to 50 cm) of sediments with particle size distributions both similar
to, and different from, their preferred sediment habitat (Maurer et al., 1978).

DurinE periods of dredging inactivity, partial recovery of benthos due to
recruitment and migration from surrounding unimpacted areas can be expected.
Likely recruits to the disposal site may consist of polychaete opportunists
such as Capitella capitata, Spiophanes fimbriata, and Boccardia polybranchia
(Battelle Draft Report to EPA: Detailed Chemical and Biological Analysis of
Selected Sediments From Puget Sound, 1985) as well as from resident bivalve
species, such as Axinopsida sericata, and Macoma carlottensis. Recolonization
may result in the partial restoration and/or possible enhancement of benthic
habitat values to foraging bottom fishes (Rhoads et al., 1978; Becker 1964).
Tatum (1984) reported an increase in benthic species abundance at an experi-
mental disposal site in Elliott Bay following disposal operations. Addition-
ally, a recent BRAT survey of the Foul Area disposal site off the coast of New
England showed that benthic resource food values on site were increased as 3
result of disposal activities relative to offsite conditions for many of the
target flatfish foraging strategies examined, particularly fish foraging for
smaller prey living near the sediment-water interface (Lunz, 1986).

Existing benthic communities found on site are adapted to fine-textured,
medium silt/coarse silt bottoms. Potential changes in bottom sediment grain
size distribution resulting from dredged material disposal would likely have a
detrimental impact on many of the resident infaunal species (i.e., due to
lower reproductive potential, impaired recruitment success, and survival of
young) as well as negatively influence the ability of buried adults to
vertically migrate and survive burial (Faurer, et ;il., 197L).

Under the effects definition for Site Condition II (see section 2), some sub-
lethal impacts to onsite benthos are possible from chronic exposure to dredged
material. These impacts are not expected to extend beyond the disposal site.
The PSDDA monitoring program includes an analysis of benthic community health
around the disposal site to ensure that biological impacts are not occurring
off the disposal site. The severity and extent of biolo'dcal effects frow the
Site Condition II are not expected to be significant, since the majority of
the taxa found at the selected site (polychaetes, bivalves; Clarke, 1986) are
not known to be acutely sensitive to chemicals of concern. Effects associated
with Site Condition II may include sublethal impacts within the disposal site.
Potential increases in the mortalities of the more sensitive, but less abun-
dant, crustacean species may also occur (see section 3.02(b)(1)(b)). However,
these are not considered to be unacceptable adverse effects.

Cumulative effects of exposure to the dredged material could result in a
reduction in population and community biomass of equilibrium (Stage III)
species, with a corresponding increase in abundances and biomass of more
pollution and physical disturbance tolerant pioneering (Stage I) species.
T iis pattern will al.o be maintained by the periodic physical disturbance of
the site during disposal operations. Tissue concentrations of contaminants
may also increase in onsite benithos exposed to the dredged inaterial.
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Impacts that occur off of the site would not be significant, consisting of
food web impacts, and possibly sea surface microlayer impacts. The former
involves mobile benthos (crab, shrimp, etc.) feeding on disposal site benthos
and migrating off of the disposal site with a chemical body burden and, per-
haps, chronic effects, and contributing chemicals via predation or decomposi-
tion to the bay food web. The degree of food web transfer is unknown, but
should not be significant, due to the nature of the site management condi-
tion and because few mobile species are present in this area. Nearshore,
intertidal and subtidal invertebrate fauna would not be significantly impacted
from the disposal operations due primarily to their distance from the disposal
site. Existing sea surface microlayer chemicals may occasionally contact the
nearshore benthos as a result of currents, tidal actions, and wind moving
chemicals onshore. In the case of Commencement Bay site 1, the probability
that contaminants from the disposal material would significantly contribute to
the existing sea surface chemical load, with sig- nificantly increased
impacts, is considered low (Word and Ebbesmeyer 1985; Word et al., 1986; Hardy
1986).

(b) Intertidal. Intertidal invertebrates would be impacted by
any development of the nearshore environment for use as confined disposal
sites. Physical impacts to sedentary species from dredged material disposal
would be the immediate loss of intertidal communities due to burial during
disposal activity. Effects observed at the nearshore site are expected to be
sublethal in nature if material disposed in the nearshore environment contains
chemicals in concentrations characterized as Site Conditon II. Some acute
impacts could be expected if dredged material exceeds Site Condition II.
Species impacted would include copepods and gammarid amphipods, which can
comprise 30 to 40 percent (by abundance) of the species present in intertidal

a * communities. Chemical impacts are expected to be localized to the area
immediate to the effluent outfall. Overall impact to intertidal communities
would be dependent on both the amount of nearshore area taken for disposal
site use and the level of chemicals in the material disposed.

(c) Mobile Crab and Shrimp Resources. As no Dungeness crab
(Cancer magister) were caught in the selected disposal site, it is assumed
that they are not present there (or, if present, are present in very low num-
bers). Disposal operations at the site would not impact Dungeness crab at any
time of year. Impacts on shrimp would be primarily burial in the immediate
disposal site. This impact would be minor as only low densities of shrimp
occur at the site regardless of season, and Commencement Bay shrimp popula-
tions would likely not be significantly impacted. Repeated disposal events
could eventually lead to mortalities of the migrant survivors due to physical
impacts.

Possible onsite impacts could be due to exposure of shrimp immigrating to the
site with subsequent chronic, sublethal effects, including bioaccumulation,
and possibly reproductive, and other physiological impacts. Again, because of
the low numbers of shrimp that utilize the site, overall potential impact to
bay shrimp resources is considered insignificant.
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(4) Fish.

(a) Anadroaous Fish. Impacts of disposal operations on important
juvenile salmon populations will be negligible, primarily because no disposal
operations will occur between March 15 and June 15, the "window" designated by
the Washington State Department of Fisheries to protect juvenile salmon during
downstream migration. The majority of the juvenile salmon populations will
have migrated out of Commencement Bay by June 15.

Disposal would occasionally be coincidental with the presence of early or late
migrants (especially chinook salmon) or with those species that may tend to
remain in the bay for extended periods of time (e.g., searun cutthroat
trout). These juveniles would not be impacted by the disposal operations
unless they frequented the disposal area where they could pass through the
turbidity plume and be subject to turbidity impacts. Impacts could include
interference with oxygen exchange due to suspended solids clogging gill sur-
faces, and slightly lowered oxygen availability due to biological oxygen
demand of the suspended dredged material that forms the disposal plume.
Impacts to juveniles due to exposure to chemicals in the plume would probably
be negligible as most chemicals would be unavailable, bound to the sediment
particles, rather than dissolved in the water column where they could be
absorbed across gill surfaces. These impacts, if they occurred at all, would
be minor since juveniles typically avoid disposal plumes, and the site is not
located in primary juvenile migratory pathways.

Adult salmon and trout migrating through the bay would also not be signifi-
cantly impacted by disposal operations as the majority of the fish would avoid
disposal-associated turbidity plumes. Those fish that contact the plume, -
however, would be temporarily impacted from short-term clogging of their gills
by suspended material, and from slight depressions in dissolved oxygen due to
the biological oxygen demand of the dredged material. However, these condi-
tions are far less severe than the fish encounter when they migrate up the
Puyallup River whlich has a high content of silt due to glacial runoff in the
summer and fall and highwater and floods in the winter.

Contribution of chemicals to the sea surface microlayer from the dredged rate-
rials may occur, but is expected to be minor relative to existing levels of
chemicals from other sources (jord et al., 1986; hardy, 1986). Actual chemi-
cals and their concentrations would be difficult to identify/measure in view
of many source contributions in Commenceuent Bay. Adult salmon way occasion-
ally swim at the surface for short periods and therefore contact the micro-
layer during their milling behavior, however, physiological effects due to
dredged material chemicals would not be expected to occur. For there to be a
noticeable impact on adult salmon fished in the bay, the salmon would have to
swim for extended periods of time at the surface and near to the disposal area
or microlayer "plume" to absorb chemicals via the gills, possibly resulting in
minor physiological impairments. Swimming at the surface for extended periods
is not typical of migrating adult salmonids. In general, disposal operations
involving material suitable for Site Condition II should not significantly
impact physiological mechanisms/behavior patterns of adult salmon in
Commencement Bay.
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(b) Bottom Fish Resources. Negligible bottom fish resources
were found on or near the selected site during site specific studies in
September, June, and September 1986 (section 3.02(b)(3)(d)). It is therefore
probable that the area in Commencement Bay occupied by the selected site does
not represent prime bottomfish habitat. Nevertheless, some direct and second-
ary impacts to bottom fishes are expected to occur as a result of disposal of
dredged material at this site. Clumps of cohesive material impacting the bot-
tom may bury flatfish such as Dover sole within the "250-foot" diameter bottou
impact zone (see section 2.03(h(l)). Any fish found outside the bottom impact
zone will likely escape direct impacts, but may suffer some respiratory dis-
tress due to gill clogging and/or low dissolved oxygen levels (i.e., due to
high COD/BOD levels), induced by elevated levels of suspended solids within
the dredged material plume. It is highly likely that fish will avoid stress-
ful levels of suspended dredged material by temporarily moving out of the
area. In conclusion, because only low numbers of bottom fish resources were
found on site, direct physical impacts from disposal on these resources are
not expected to be significant.

Bottom fish resources may also be affected through secondary impacts resulting
from disposal of dredged material in the preferred disposal site. Benthic
communities within the impact zone are expected to be temporarily lost as a
result of burial and smothering, further lowering the value of the area as
food habitat for bottom fish. As this area does not appear to be a prime
feeding habitat area for bottomfish in general (Clarke, 1986), the impact of
this habitat loss to fish resources is not expected to be significant.

Benthic resources, however, are expected to recover during periods of disposal
inactivity. Fish food habitat values might even increase as a result of
increased production of pioneering (stage I) opportunistic species on the dis-
posal mound (Rhoads et al.. 1978; Becker 1984; Lunz, 1986). Bottom fish
foraging on these opportunistic species may bioaccumulate chemicals through
dietary intake of prey. Direct accumulation of chemicals might also occur
through skin and gill membranes as a result of their intimate association with
the bottom sediments, particularly when buried in the sediments. Because the
area of the disposal site only represents a relatively small portion of the
foraging habitat for demersal bottom feeding fish in Commencement Bay, and
documented fish food habitat resources on site are uniformly low, only very
low levels of chemical bioaccumulatlon in fish predators are possible.

(c) Freshwater Fishes. For disposal of material unacceptable
for unconfined, open-water disposal, impacts to freshwater fish could result
from the introduction of effluent discharge from upland confined disposal
sites into freshwater habitats. Two sources of impacts are associated with
effluent discharge: (1) impacts due to increases in turbidity and siltation,
and (2) impacts due to increases in chemicals.
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Fish species in general, and freshwater game fish in particular, have a low
tolerance for increases in turbidity (Canter et al., 1977). Fish mortality
due to asphyxiation is often the result of the coating effect of finE parti-
cles settling on the gill filaments (Sherk and O'Connor, 1975). Eventual
reduction in fish population size and even local species elimination have been
found as a result of increasing turbidity levels in streams that typically iiad
low background levels of suspended solids (Hollis et al., 1964).

Another possible impact due to turbidity and siltation on fish populations is
through the reduction in spawning ground habitat (Hollis et al., 1964). Ripe
running fish will abandon previously used spawning grounds if siltation is too
great. Siltation will result in suffocation of fertilized eggs by reducing
oxygen exchange across the egg surface.

Freshwater fish are generally more sensitive to chemicals of concern than are
marine species and are therfore more susceptible to chemicals associated with
effluent runoff from confined disposal sites. In addition, toxic metals are
more readily available to organisms in freshwater than in saline waters, in
effect increasing the exposure environment. The relative potential for
impacts to freshwater fish under this alternative is less than the impacts
that would be predicted if Site Condition I had been chosen for the uncon-
fined, open-water disposal site and greater than the impact if Condition III
had been chosen.

(5) Terrestrial Wildlife. Developnent of upland and nearshore con-
fined disposal sites would require the destruction of wildlife habitat and
cause significant adverse impacts to terrestrial wildlife. The types of wild-
life and number of species impacted by site construction would depend on the _-_

specific type of habitat being destroyed. Disposal site construction on a
field would impact generally smaller-sized animals and relatively less diverse
communities than would be expected if forested land were utilized as sites for
confined disposal. The significance of the impact to terrestrial species will
depend upon the availability of nearby habitat (and its carrying capacity) to
assimilate displaced wildlife. Relative impacts under this alternative will
be less tuan those predicted if Site Condition I had been chosen for the
unconfined, open-water disposal site and greater than impacts if Condition III
had been chosen.

(W) Birds.

(a) Water Birds. The only direct inpacts of open-water disposal
on waterbirds would appear to be the result of temporary turbidity, temporary
loss of prey source, and potential impacts to intertidal organisms from drift
of suspended dredged material. Turbidity limits visibility and makes feeding
difficult, if not impossible. Turbidity frow disposal activity, however, is
localized and temporary. Furthermore, waterbirds will avoid the turbidity
plume and feed elsewhere. Benthic resources at the disposal site are pener-
ally not utilized as food by waterbirds. Few birds dive greater than 120 feet
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(cormorants and loons may), which limits the impacts to a few species. Fur-
thermore, stomach samples of deep-diving birds indicate that bottomfish com-
prise only a small proportion of the total diet. Thus, these birds do not
depend on bottom-living organisms, and, in fact, primarily utilize free
swimming fish such as herring and smelt.

Even if the disposal areas were utilized by waterbirds and the sites did not
fully recolonize, the total area of impact is small relative to the potential
feeding area in Puget Sound. Waterbirds are mobile; also, the preferred site
has relatively low biological productivity to begin with, such that the loss
would be minimal. The potential loss of intertidal organisms from drift of
suspended material is considered to be minimal and will not affect waterbirds.

The selected site is not presently nor historically an area of concentration
of waterbirds. Commencement Bay's primary value to waterbirds is in the pro-
tected intertidal areas, where most of the waterbird species can find refuge
and a food resource. Significant impacts could be expected to shorebirds if
nearshore areas were developed as confined disposal sites.

(b) Terrestrial Birds. Terrestrial birds could be significantly
impacted under the preferred alternative depending on the types of upland
habitat used for construction of confined disposal sites. Impacts would be
greater if forested land were used relative to cleared land Decause of the
greater diversity of birds associated with the former. Following reclamation
of the area after the life of the disposal site, sublethal chronic impacts to
terrestrial birds could occur due to ingestion of plants and animals that have
accumulated contaminants arising from the dredged material.

(7) Marine Mammals. No significant long-term impacts to marine
mammals indigeneous to or migrating through Commencement Bay are expected from
disposal of dredged material at the selected site. No marine mammals dis-
cussed in section 3.02(b)(4) are abundant in Commencement Bay, and their
presence in the selected disposal site would only be a rare occurence. It is
therefore probable that no significant physical or chemical impacts to marine
mammals are expected. Those mammals in the vicinity of the disposal site dur-
ing a disposal operation, would likely avoid the area during the dumping
activity. Marine mammals feeding on bottomfishes and macroinvertebrates in
the vicinity of the disposal site may accumulate small levels of chemicals
concentrated in their prey, although the amount attributable to the disposal
site itself would probably not be significant due to their wide ranging
foraging habits and the small percentage of site use (Wright, 1978).

(8) Endangered and Threatened Species. Biological assessments have
been prepared that evaluate potential impacts to bald eagles, gray whales, and
humpback whales (exhibit A). The only species on the Federal list that are
found in Puget Sound are the gray whale, humpback whale, peregrine falcon, and
bald eagle. Gray whales are regularly, though infrequently, sighted in Puget
Sound. These are considered stragglers which may or may not feed while in
Puget bound. Some of the few recent sightings of gray whales in Puget Sound
have been relatively close to the preferred disposal site. In each case, the
whales were present for no more than 1 day and were not seen again in the same
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area. The implication is that the whales are "passing through" (and in all
likelihood not feeding) and find no special attraction for any one area. It
thus appears that selection of the proposed disposal areas would not impact
gray whales, regardless of the sites ultimately selected. Much the same
arguments can be made for humpback whales.

Peregrine falcons are rarely observed in the vicinity of any of the selected
disposal areas; rarely enough, in fact, that the U.S. Fish and Wildlife
Service did not include this species on its list of species that should be
considered in the biological assessment. Their prey base consists of small
waterbirds, primarily ducks such as teal, and shorebirds. Peregrines prefer
to swoop on large flocks of such birds, where they have greater odds of find-
inE one that is weak or confused and, hence, easy prey. Such flocks are most
often in protected bays in intertidal or shallow subtidal habitats. The open-
water disposal site is relatively unprotected and generally does not attract
large numbers of waterbirds. The lack of such large flocks at the proposed
disposal area suggests that selection of the site would not impact peregrines
(since their prey base would not be affected).

Bald eagles are present throughout the year near the selected site. They feed
on whatever may be present (ducks, gulls, live surface-swimming fish, dead
animals washed ashore, etc.). Again, concentrations of birds or fish are
helpful for prey-capture success. The selected disposal site for Commencement
Bay Phase I does not have large concentrations of animals and thus feeding by
bald eagles would not be affected.

Other potential affects associated with the disposal site include primarily
human disturbance and noise from disposal barges. The most important consid-
eration is that the selected site is not near regular areas of animal use.
Thus, human disturbance and noise are not expected to affect any endangered
species.

c. l I s and Their Significance to Humat Environment.

(1) Social Economic. Adverse impacts to waterborne commerce move-
ments in Commencement Bay and vicinity and related port terrin.l ind intus-
trial development are expected to be substantially less with this alternative
relative to the No Action alternative. Because of high - costs as.ocfated
with dredging and dredged material disposal, dredging cyc,-s may be extended
over tnat experienced in the past. however, delayb in dreig. - dtivity would
be less under this alternative than those expected if Site Con..'ion I were
chosen for management of tae unconfined, open-water disposal sites. -
Dredging and Disposal Activity section (see below) presents a coaparative
analysis of the costs associated with dredging under the alternatives
considered by PSDDA.

Impacts to sport fishing could also occur due to displaceoent bv tugs and
barges at the disposal site (see Navigation section below). In addition,
impacts to land and beach use could also be expected if nearshure and upland
disposal sites were developed in recreational areas. Overall, social economic
impacts are not expected to be significant.
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(2) Transportation.

" (a) Navigation. Normal average annual dredged material disposal
activity in Commencement Bay is expected to be about 20 to 25 days per year,

somewhat above the level experienced over the past 15 years. Disposal
activity could be considerably greater than this level for several years if
the Blair-Sitcum Navigation project is undertaken. Actual activity would
depend on the specific dredging projects, and the results of chemical and
biological tests performed on material to be dredged. As navigation channels
would be maintained, there would be no adverse impacts on navigation activity
due to channel shoaling. Barge-tug movement during disposal operations is not
expected to be much different than at present and consequently there should be
no significant navigation conflicts with commercial or pleasure craft.

Since disposal typically is accompanied by dredging, the Commencement Bay
selected site would not be used during the salmon and steelhead outmigration
window: March 15 through June 15. During times of normal site use, disposal
activity at the site would be expected to average about 1 to 2 barges per day,
with peak activity of 5 barges per day (table 4.9).

When proceeding to the disposal site, tug and barge combinations move at a
slower rate loaded than unloaded. Average travel speed is typically around
5 knots. Once on site, disposal operations within the 1,800-foot diameter
disposal zone usually require between 5 and 10 minutes. On occasion, weather
constraints and repositioning requirements (to ensure proper location of dis-
posal) can increase the onsite time to as much as 20 minutes. Using an average
of 10 minutes, and assuming one to two barges per day, normal site occupancy
could amount to about 10 to 20 minutes per day or about 6 hours per year.

Though delays in disposal activities could result from avoiding conflicts with
tribal fisheries (see below), they are unlikely, given the limited anticipated
use of the site, and the existing and proposed coordination between dredgers
and the tribes.

Disposal operations at the selected site would represent a slight increase in
navigation traffic for the site proper. With increased water traffic, there
is an increase in risk of minor oil leaks or spills, and of vessel colli-
sions. The location of the disposal site, the infrequent site use, and the
short duration of site occupancy indicate that these risks are not significant
and are likely not measurable.

(b) Land. Impacts to land transportation would be considerably
less than those resulting from the No Action alternative, as about 80 percent
of future dredged material is expected to be found suitable for open-water
disposal at the Commencement Bay site. Truck hauls and traffic congestion
associated with upland disposal would be substantially less than under the No
Action alternative, where most dredged material would be placed in nearshore
or upland sites.
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(3) Dredging and Disposal Activity. The overall impact of this
alternative on dredging activity in Commencement Bay 4ould be an increase in
the volume of material found acceptable for unconfined, open-water disposal
over that allowable under existing interim criteria. Curreritly, the suitabil-
ity of material for open-water disposal in Commencement Bay is based on the
Puget Sound Interim Criteria (PSIC). Using PSIC, only aLout 6 perccnt of the
future Commencement Bay area material is expected to be acceptable for uncon-
fined, open-water disposal. Under the selected alternative, 3.9 million c.y.
of material (100 percent) is projected over the next 15 years to be found
acceptable for unconfined, open-water disposal at the Commencement Bay dis-
posal site (table 4.2). Actual disposal volumes will depend upon the outcome
of chemical and biological tests conducted on the material and the specific
projects proposed for dredging. Costs of dredging (includes testing, dredg-
ing, disposal, compliance inspections, and open-water site monitoring costs)
over the next 15 years in Commencement Bay, using Site Condition II, would be
approximately $23,39-.,000 (table 4.4). Assumptions and detailed calculations
used in deriving these estimates are described in EPTA (part II, section 10).
It is anticipated that as source control improves and project-specific
experience and data become available, the portion of future dredged material
that is acceptable for unconfined, open-water disposal will go up.

(4) Native American Fishing. The selected alternative for
Commencement Bay should not increase the potential for tribal fishing gear
damage and/or reduced fishing time resulting from use of the unconfined, open-
water disposal site. The relatively limited amount of dredging that is con-
ducted in Commencement Bay is likely the main reason why known conflicts have
not occurred. Tribal fishing rights will be protected fro,:1 disposal vessel
conflicts with specific project actions accomplished via the Section 404
penit process. See section 2 for additional discussion of this issue.

Possible tribal concerns regarding the impact of the PSDDA proposal to water
quality and fisheries resources upon which the tribal activities are dependent
are addressed earlier in this section 4.

(5) Aon-Indian Commercial and Recreational Fishiat;. Non-Indian fish-
ing activities may be displaced during the discharge of dredged material at
toe selected disposal site. At times of major dredgin,; activity, this dis-
placement could persist for 5 to 10 minutes, up to five times per day. The
selected disposal site has been located to miniiize potential conflicts witLh
known commercial and sports fishing activities. It is anticipated that dis-
placements, should they occur, are more probable for sports fisnermen than for
commercial activities. ihe disposal site location and the short duration of
site use, are expected to preclude any significant adverse effects to fishing
activtties and catch success in these waters.

(6) human Health.

(a) Via Seafood Consumption. No impact on human health is
anticipated from the consumption of seafood that might be in or near the dis-
posal site. Only suitable dredged material will Le a1llnoed for disposal at
the site. No significant impact to human health is expected with Site
Condition II.
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(b) Via Drinking Water. When marine/brackish, dredged material

is placed in a confined nearshore or upland disposal facility, the potential

exists to generate leachates having adverse impacts on ground water and sur-
face water used for drinking. Under this alternative, material forecasted to
be found unsuitable for unconfined, open-water disposal will have to be placed
in a confined site. If the material is placed in a nearshore or upland facil-

ity, then potential for drinking water chemical impacts exists, especially if
design features such as leachate collection systems, effluent control, or run-

off control are not used or fail. Development of any upland or nearshore dis-
posal sites, and the types of material allowed in these sites, would be

subject to State and Federal regulations designed to protect drinking water

sources. The relative- potential for ground water chemical impacts under this

alternative is less than the impacts that would be predicted if Site Condition
I had been chosen for the unconfined, open-water disposal sites and greater
than the impacts if Condition III material had been chosen.

(c) Via Inhalation of Dust. Dredged material placed on nearshore

and upland disposal sites provides a potential source of dust with chemicals
of concern that could have an impact on workers and residents living around
such a site. Dust production can especially be of concern at multiuser sites
where the deposited dredged material is being reworked. This can also be the

case at a disposal site that is being prepared for alternate uses. The impacts
to human health from inhalation of dust can be minimized by the application of

suitable ground cover. The relative potential for dust production under this
alternative is less than would be predicted if Site Condition I had been
chosen for the unconfined, open-water disposal sites, and is greater than if
Condition III had been chosen.

S (d) Via Direct Exposure. Little direct exposure of humans to

contaminated dredged material occurs. The only segment of the populaticn that
might be expected to come into direct contact with dredged material are
workers on dredging crews and at upland and nearshore disposal facilities.
Material that is highly contaminated could be placed in secure disposal sites
where protection against exposure to chemicals would be minimized by opera-
tional procedures (i.e., wearing protective clothing and respirator, security
to limit access to the site, application of coverage soil for disposal).

(7) Noise. There have been no measurements of ambient noise levels
or of the actual noise at the shore which would be produced by disposal equip-
ment operating at the Commencement Bay site. However, noise studies have been
done at the shore adjacent to the Fourmile Rock disposal site in Elliottt Bay
that provide some estimation on the noise impact of disposal operations.

Between 20 September 1985 and 24 June 1986, eight separate noise studies were
conducted in the residential ar-a near the Fourmile Rock site by two noise

consultants. Ambient noise measured between 35 and 70 dBA and averaged from
35 to 51 dBA during the different measuring periods. Noise from tugs and tug-
barge combinations was measured at between 37 and 46 dBA. The average noise

levels were in the low 40's. The exception was one barge which measures
58 dBA for a short time. Muffling has since been added to bring the noise
level down further. In a number of cases, the noise testers reported that the
tugs and barges could not be heard above ambient noise at the shore.
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The selected Commencement Bay site will be at least 2,500 feet from the

Commencement Bay shoreline. It is assumed that noise impacts from use of the
site will be well within State and Federal noise standards and, in many cases,

unnoticeable. Noise impacts at the shoreline should also be within standards

set by Pierce County which allows for noise emissions from any watercraft to
80 dBA at the receiving property except between 10 p.m. and 7 a.m. when the

limit at residential receiving properties is 63 dBA.

(8) Esthetics. Disposal operations are not expected to signifi-
cantly affect the esthetic quality or experience in Commencement Bay and

vicinity. The disposal operations will be only a minor part of the marine
activities ongoing in a busy harbor/marine transport area. Viewers from the

various shoreline areas identified in section 3 will see the occasional pres-
ence (between one and five times daily during normal dredging operations) of a
tug and barge moving into the outer bay area, spending about 5 to 10 minutes
for disposal, and leaving the area. The tug and barge will not be readily

noticeable from the downtown Tacoma or inner bay areas, and should not be
obtrusive to closer viewers, such as from Point Defiance Park and Browns
Point. Viewers from these latter areas may observe a localized turbidity

plume in the immediate vicinity of the barge immediately following disposal.
This plume will be short term and may be masked at times by Puyallup River

runoff during high flow periods. Some viewers may perceive the tug and barge

activity in a positive sense, in that it is an integral part of normal marine

activities and does not detract from the overall view experience.

(9) Historic Impacts. As part of the disposal site identification
mapping studies, a literature search was undertaken to establish if any his-

torically significant shipwrecks were located within the Commencement Bay
selected or alternative disposal sites. None were identified (DSSTA). Also

additional literature reviews and sidescan sonar studies were made of the
selected site in March 1988, confirming the earlier review. Further coordi-

nation was and is being accomplished with the State of Washington Office of

Archaeology and Historic Preservation (see FEIS exhibits C and D).

d. Cumulative Impacts. Disposal operations at the selected site may
contribute to several ongoing impacts to the water and air resources that are

described in section 3. Marine water quality, air quality, intertidal and
subtidal macrofauna, plankton, neuston, marine mammals, anadromous and marine

fishes, and threatened or endangered species could all experience some
effect. None of these contributions, however, will exceed very minor levels.

The only resource expected to receive measurable cumulative impacts in
Commencement Bay is the disposal site sediments and the benthos that are
permanent or temporary residents in those sediments.

In Commencement Bay, disposal of suitable dredged material at the selected

site could potentially degrade a portion of the site's deepwater benthic
habitat by increasing the levels of chemicals present in the sediments.

However, sediment in that portion of the selected site that overlaps with the

existing site may be improved. Since material that is substantially cleaner

than that allowed under the Site Condition II will also be discharged at the

site, the actual condition of the site is expected to be substantially better

than Site Condition II. Overall, cumulative effects of the selected alterna-

tive are not expected to be significant.
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e. Relationship to Existing Plans, Policies, and Controls.

(1) Clean Water Act, Sections 404/401. Procedures used in identifying
the selected Commencement Bay disposal site and site management condition are
consistent with the 404(b)(1) Guidelines for Specification of Discharge Sites
for Dredged or Fill Material (40 CFR Part 230). Federal advance identification
of the selected site as suitable for disposal of dredged material pursuant to
part 230.80 of the Guidelines is addressed in exhibit B. The selected site
and site management condition are also consistent with Ecology guidelines for
State water quality certification pursuant to Section 401 of the CWA.

(2) Coastal Zone Management. The Coastal Zone Management Act (CZMA)
(Public Law 91-583: 86 Stat. 1280) was passed by the United States Congress in
1972. In June 1976, the State of Washington Coastal Zone Management Program
(CZMP) was approved to receive funding allowing the CZMA to be Implemented via
the State Shoreline Managment Act (SMA) of 1971. As passed by the State
legislature, the SMA provides "for the management of Washington's shorelines
by planning and fostering all reasonable and appropriate uses." The SMA is
implemented through detailed planning efforts that culminated in the Shoreline
Master Programs (SMP) for the large municipalities and counties of the State.
The selected alternative is consistent with the SMA and the current State
CZMP, satisfying consistency with State and Federal coastal zone management
requirements.

(3) Pierce County Shoreline Master Program. The selected disposal
site is located within the jurisdiction of Pierce County, which adopted its
shoreline master program in 1979. The site lies within the shoreline

-G environment classified as urban. Dredged material open-water disposal is
listed as a permitted or conditional use. The selected alternative is
consistent with the county's master program as presently written.

(4) Department of Natural Resources (DNR) Policy on Open-Water
Disposal of Dredged Material into Puget Sound. Sites throughout the Puget
Sound area have been designated by DNR for open-water disposal. If the
dredged material cannot be beneficially utilized (e.g., creation of artificial
islands, landfill), and it is approved by all of the various regulatory
agencies for unconfined, open-water disposal, it can be deposited in one of
the DNR sites. Fees and leases from DNR and permits from other agencies are
all required before disposal of dredged material can occur. The selected
Commencement Bay site will be an approved DNR open-water disposal site once
the local shoreline permit has been granted by Pierce County.

(5) Executive Order 11990, Protection of Wetlands. The intent of
Executive Order 11990 is to protect wetlands because of the significant cumu-
lative losses that have occurred, and due to their high value to biological
productivity and their many other critical functions. As the selected
Commencement Bay site lies in water over 500 feet deep, no wetlands would be
directly affected. Dredging projects which could affect wetlands would be
evaluated on a project by project basis at the time the project is reviewed
for permits under Section 404 of CWA.
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(6) Executive Order 11988, Flood Plain Management. The intent of
Executive Order 11988 is to provide guidance and regulation for projects
located in, and affecting, the flood plain. Executive Order 11988 requires,
to the extent possible, avoidance of long- and short-term adverse impacts
associated with occupancy and modification of flood plains.

As the selected open-water disposal site lies in water over 500 feet deep, no
direct flood plain impacts would be involved by use of this site. Dredging
projects which could affect the flood plain would be evaluated on a project by
project basis at the time the projects are reviewed for permits under Section
4U4 of the CWA.

(7) Puget Sound Water Quality Comprehensive Plan. The Puget Sound
Water Quality Comprehensive Plan was adopted 17 December 1986. The contami-
nated sediment and dredging program of the plan contains a sediment program
goal "to reduce and ultimately eliminate adverse effects on biological
resources and humans from sediment contamination throughout the Sound by
reducing or eliminating discharges of toxic contaminants and by capping,
treating, or removing contaminated sediments." The plan also adopts the
following policies which shall be followed by all State and local agencies In
actions affecting sediment quality, including rulemaking, setting priorities
for funding and actions, and developing permit programs:

"All government actions will lead toward eliminating the

presence of sediments in the Puget Sound basin that cause
observable adverse effects to biological resources or pose a
serious health risk to humans."

"Programs for management of dredging and disposal of
sediments should result in a net reduction in the exposure of
organisms to adverse effects. (The intent of this policy is
that dredging and disposal contribute to the cleanup of the
Sound by allowing unconfined, open-water sites to have only

low levels of contamination and to dispose of more contami-
nated sediments in a manner that prevents continued exposure
of organisms to adverse effects. For proposals where dredg-
ing will expose contaminated sediments, project-specific
mitigation measures may be required."

"Remedial programs (which may include capping inplace) shall
be undertaken when feasible to reduce, with the intent of
eliminating;, the exposure of aquatic urganisms tu sedirents
having adverse effects."

Tlie selected site is located to minimize the exposure of aquatic ani,,als to
dredged material placed there. The site is relatively nondispersive and situ-
ated away from a high abunaance of important aquatic species and from human
use areas. Although the specieb potentially exposed to the dredged material
at tue disposal site are different from those present at the dredging site,
the net effect of the dredging and disposal action could be to reduce overall
exposure potential by moving the material fror shallow estuarine areas to
deeper marine waters.
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Per the definition of the selected site management condition, the material to
be discharged at the unconfined, open-water sites is not expected to pose a
serious risk to human health. Though the selected condition could poten-
tially result in some "observable adverse effect" in the form of sublethal
effects to any organisms that remain onsite for an extended period of time,
the discharge of substantially better (or "cleaner") material on the sites
would likely result in an actual or average condition comparable to the stated
plan policy.

The dredger does not typically control the original discharge of chemicals of
concern into the aquatic environment. Nevertheless, the PSDDA study has high-
lighted the importance of the PSWQA goal relative to "reducing or eliminating
discharges of toxic contaminants" into the Sound. As this goal would be
achieved through improved source control, material dredged from the Sound's
waterways should improve in quality, as should the condition at the disposal
sites. Consequently, source control must remain a high priority for
protection of the Sound.

For the reasons described above, the PSDDA selected alternative for
Commencement Bay is considered to be consistent with the 1987 Puget Sound
Water Quality Comprehensive Plan.

(8) American Indian Religious Freedom Act. The American Indian
Religious Freedom Act of 1978 (AIRFA) requires Federal agencies to ensure that
none of their actions interfere with the inherent right of individual Native
Americans (including American Indians, Eskimos, Aleuts, and Native Hawaiians)
to believe, express, and exercise their traditional religions. These rights
include access to religious sites, use and possession of sacred objects, and

Uthe freedom to worship through traditional ceremonials and rites. The AIRFA
requires consultation between Federal agencies an Native Americans to ensure
tuiat federally supported projects or projects on Federal land do not infringe
on the religious practices of Native Americans.

Coordination between PSDDA agencies and potentially affected tribes has
occurred throughout the study, and is an ongoing process.

4.04 Alternative LB2-II: Commencement Bay Site 2 With Site Condition II
Material. The potential environmental effects of disposal of Site Condition
II dredged material at the alternate site in Commencement Bay (site 2) are
mostly identical to those of the selected alternative (site 1). This is a
direct result of the site identification process: both sites are located in
relatively nondispersive environments and are positioned to minimize disturb-
ance to key bottom resources. In adjusting the site locations to meet these
site identification factors, the final locations of the two sites now over-
lap. Consequently, there are very few differences in their physical, biologi-
cal and human environments, and few differences in environmental effects would
result by their use as dredged material disposal sites. Those differences
that have been identified are described below. Environmental consequences for
cumulative effects and relationship to existing plans, policies and controls
by use of site 2 would be the same as those described above for site 1.
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a. Impacts and Their Significance to the Physical Environment. Environ-

mental consequences from disposal of acceptable (per Condition 11) dredged
material at the Commencement Bay site 2 would be the same as those described
for site 1 above for water quality, marine and estuarine sediments, air qual-
ity and land. Though data from the depositional analysis suggested that
site 2 might be somewhat less depositional than site 1 (DSS TA, 1987), such
that effects on sediments might also be somewhat different, the close proxim-
ity of the sites and degree of similarity in their character suggest that the
differences may not be measurable, and would not be significant.

b. Impacts and Their Significance to the Biological Environmaent. Envi-
ronmental effects resulting from the disposal of acceptable Fper Condition II)
dredged material at site 2 in Commencement Bay would be identical to those
described for site 1 above for flora, shrimp, crabs, bottomfish, anadromous
fish, birds, marine mammals and threatened and endangered species. No
significant differences exist between the two sites for these resources.

Available data indicate that adverse effects to benthic invertebrate species

(polychaete worms, molluscs, and less mobile crustaceans) would be somewhat
higher at site 2 chan at site 1. This is reflected in the higher benthic bio-
mass present at site 2 (70 g/m2 in top 15 cm) when compared to site 1
(42 g/m2). However, these observed differences are not statisticaliy signifi-
cant due to the high variability in the benthic communities at the sites. The
Benthic Resource Assessment Technique (BRAT) confirmed these differences by
noting that predators would see a slightly higher food value at site 2 when
compared to site 1, but again not to the degree of statistical significance
(DSS TA, 1987). Use of site 2 would result in the loss of these additional
benthic resource values; however, for the reasons described for site I above,
these losses are not considered significant.

c. Impacts and Their Significance to the Human Environment. Use of the
Commencement Bay site 2 with suitable (per Condition fl--dr-edged material
would result in the same environmental effects as those described for site I

for social economic values, transportation, dredging and disposal activity,
Native American fishing, human health, noise and esthetic quality. This is
due to the close proximity of the two alternative sites.

4.05 Alternative CBI-I: Commencement Bay Site 1 with Site Condition I
Material. Analysis of the environmental consequences of the Site Condition I
alternative for Commencement Bay is provided here in comparison to the effects
of the preferred alternative (Level II). In general, the adverse effects of
these two alternatives are similar in type, differing primarily in degree of
effect in the various disposal environments. Substantially less material
would ue acceptable for unconfined, open-water disposal for Site Condition I
than for the preferred alternative. This could result in fewer or decreased
adverse effects in the aquatic envirownent, and additional or increased
adverse effects in the land and shore environments.
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Though this alternative would result in less material placed at the uncon-
fined, open-water site, the spread of the material would cover a comparable
bottom area at the site; however, the depth of cover would be less. Conse-
quently, differences between Condition I and Condition II in their physical
impacts to site species would not be significant. The major differences
between Condition I and Condition II result from the different level of
biological effects permitted.

In Commencement Bay, application of Site Condition I would result in substan-
tially less material (1,348,000 c.y.) being found acceptable for unconfined,
open-water disposal during the next 15 years than would be the case for Site
Condition II (3,160,000 c.y.).

The following subsections describe the differences in environmental conse-
quences that would result from the use of Site Condition I compared to those
incurred by use of Site Condition II.

a. Impacts and Their Significance to the Physical Environment. Site
Condition I would shift the primary water quality effects to nearshore, ground
water and freshwater areas, with far fewer effects at the aquatic site com-
pared to Site Condition II. A greater potential for chemical impacts to
ground water and surface water is possible under this alternative compared to
the preferred alternative, especially if design features are not used, or
fail. As with Site Condition II, the effects at the unconfined site are
intermittent and short-term, and are not considered significant.

Compared to Site Condition II, Site Condition I would result in minimally
me different physical effects and modifications of marine sediments at the uncon-

fined site due to the similar spread and distribution of the dredged mate-
rial. Under this alternative, an increase over present concentrations in
sediment chemicals would be expected at the disposal site. However, due to
lower chemical concentrations in the dredged material, Site Condition I would
result in fewer adverse effects within the unconfined site than Site Condi-
tion II. On balance, the potential for technological control (more material
would be placed in upland and nearshore sites where control technology can be
more easily applied) provides the opportunity for Site Condition I to result
iil overall fewer adverse effects to sediment quality than with Site
Condition II.

Fewer barges utilizing the unconfined site means that fewer adverse effects to
air quality would result at the site. However, the transport of the material
via more trucks would mean a shift of air quality impacts to the land/shore
environments, in closer proximity to human use. Overall, the adverse effects
of Site Condition I to air quality are considered more substantive than those
of Site Condition II. Though they would vary by the site being used, they are
not likely to be significant.

For the dredged material that is not acceptable for unconfined, open-water

disposal under the Site Condition I option, an estimated 96 acres of land and
shore habitats (see table 4.3) could be impacted in the Commencement Pay Area.
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lohen the total estimated water and land/shore acreages are combined for each

alternative, Site Condition I would result in more land (406 total acres)

committed than Site Condition II (339 total acres). The overall significance
of Site Condition I effects to land compared to Site Condition iI would depend
on the relative value ascribed to the aquatic and land/shore acreages.

b. Impacts and Their Si§nificance to the Biological Fnvirornent. Site

Condition I would result in fewer effects to aquatic flora at tle unconfined
site, because a smaller volume of material would be discharged at the site and

this would have less potential for chemical effects. On land and nearshore
environments, however, an increase in impacts to plants is possible. This Is

due to both an increase in acreage needed for disposal (loss of natural habi-
tat) and placement of a greater volume of sediment with ciemicals of concern

in these environments. Overall, Site Condition I would result greater adverse

effects to flora than for Site Condition II, because of the added impact to

plants under Site Condition I.

tor invertebrates, the adverse physical effects of Site ConditLion I would be

similar at the unconfined, open-water site as those of Site Condition II,
though added physical losses of intertidal and subtidal shoreline habitat woulrl

occur. Site Condition I results in fewer adverse effects to invertebrates
than Site Condition II.

Aquatic marine fauna at the disposal site would be at less risk with Site

Condition I than with Site Condition II. However, increased potential loss of
shoreline habitat could significantly affect salmouids. The overall signifi-

cance of using Site Condition I, compared to Site Condition II, depends on the
relative value ascribed to these habitats and species. S

As with the case for Site Condition II, minimal impacts to waterfowl are

expected from the disposal of dredged material suitable for Condition I at the

open-water disposal site. Because of the potential loss of additional impor-
tant habitat on land under this alternative, there is a greater probability
for adverse impacts to birds than with Site Condition II. The same situation
exists for threatened and endangered species. Though the species at risk will

differ in the water and land areas, direct loss of land habitat represents a
greater risk to these protected animals than do the disturLances at Lie open
water site.

c. Impacts and Their Significance to the Human Environment. Compared to

Site Condition II, social economic Impacts of Site Condition I would be pri-
marily associated witht greater land use issues and greater cost to navigation

and marine-related industries. These would be associated with somewhat lesser
risks to the aquatic site and greater risks to land and shore environments.
In addition, truck transport of dredged material has the potential of

adversely affecting traffic in and around land/shore disposal sites. Again,
the overall significance of these tradeoffs depends on socially ascribed
values to the impacted resources.
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In Commencement Bay, the estimated volume of dredged material that would meet
the Site Condition I over the next 15 years is small (1,348,000 c.y. or
34 percent of the 3,929,000 c.y. forecasted for Commencement Bay; table 4.2a).
Compared with activity expected if Site Condition II were adopted, the overall
impact of Site Condition I on dredging activity would be to reduce, or at
least delay, initiation of new projects and ongoing navigation maintenance
cycles. The primary reason for the reductions or delays would be the increase
in project costs associated with having to place more dredged material (that
exceeding the Site Condition I) at other disposal locations. Additional
delays could result during identification, designation, acquisition, and
development of upland and nearshore disposal sites. The added cost of Site
Condition I in Commencement Bay is estimated at about 125,000,000 (Site
Condition I: $48,344,000; Site Condition 11: $23,398,000) (table 4.6).

Under this alternative, there would be less barge traffic at the open-water
site, witut fewer potential fishery conflicts and need to coordinate dredging
activities. However, increased use of shoreline and land disposal sites could
result in overall greater potential effects to resources and areas of impor-
tance to tribal fisheries. In addition, barge traffic would persist to some
nearshore sites. Given the low degree of potential conflict that would exist
with the unconfined, open-water site with any alternative, the increased
effects on land and shore areas suggest that Site Condition I would result in
more significant adverse effects to Native American concerns than would Site
Condition II.

No difference in effects to human health would result from seafood consump-
tion. Given the conservative approach applied in defining the site management
conditions, Site Condition I should result in less risk to human health via

WL# seafood consumption than Site Condition II due to overall less volume and
lower chemical concentrations that would go the unconfined, open-water sites.
For both alternative Conditions I and II, the adverse effects to human health
are not expected to be significant.

Site Condition I would increase the potential for adverse effects to human
health in the land and shore environments. Increased risk of drinking water
chemical impacts would result at upland sites. Dust and direct exposure to
the dredged material also represent concerns at land and shore sites. By
proper technology control, it is possible to limit the primary exposure to
individuals that must work on or around sites during dredged material dis-
charge and site completion or modification. Though the actual risks and
effects would be site specific, on balance, Site Condition I has the potential
for greater adverse effects to human health than does Site Condition II.

Noise impacts at the open-water site would be fewer with Site Condition I, but
there would be measurably more noise effects at land and shore sites. Over-
all, the adverse effects to noise resulting from Site Condition I are
considered more significant than those of Site Condition II.
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d. Cumulative Effects. The location of the disposal site in Commencement
Bay significantly contributes to the avoidance of direct and indirect adverse
effects to important human and environmental resources. The reduced chemical
loading to the sound that would result with Site Condition I relative to Site
Condition 11 would nut offset the increased loss of land and nearshore habitat
that would also occur. Though the consequences to land are site specific,
given past disturbances of shoreline environments, the potential exists for
significant cumulative effects to occur with nearshore disposal sites. Conse-
quently, Site Condition I has the potential for greater cumulative effects to
the environment than Site Condition II.

4.06 Alternative CBl-III: Commencement Bay Site 1 With Site Condition Ill.
Analysis of the environmental consequences of the Site Condition III alterna-
tive for Commencement Bay is provided here in comparison to the effects of the
preferred alternative (Site Condition II). In general, the adverse effects of
these two alternatives are similar in type, differing primarily in degree of
effect in the various disposal environments. With Site Condition III, almost
all dredged material would be acceptable for unconfined, open-water disposal.
Of the 3,929,000 c.y. of material forecasted for dredging, only 153,000 c.y.
is estimated to be found unacceptable per Site Condition Illi. This would
result in additional or increased adverse effects in the aquatic environment,
and a decrease in adverse effects in the land and shore enviromients.

Though this alternative would result in more material placed at the uncon-
fined, open-water site, the spread of the maLerial would cover a comparable
bottom area at the site. Consequently, differences in physical impacts to
site species would not be significant. The major differences between Site
Condition III and Site Condition II result from the different level of "
biological effects permitted due to chemicals in the dredged material.

ln Commencement Bay, application of Site Condition III would result in more
volume (3,776,000 c.y.) of material found acceptable for the unconfined, open-
water disposal sites in the next 15 years than for Site Condition II
(3,160,000 c.y.) (table 4.2a). The following subsecLions describe tae dif-
ferences in environmental consequences that would result ftom the application
of Site Condition III compared to those incurred by use of Site Condition Ii.

a. Impacts and Their Significance to the Physical Environment. Site
Condition III would shift the primary water quality effects frowI nearshore,
ground water and freshwater areas, to the aquatic site compared to Site
Condition II. Water quality at the open-water disposal site could experience
overall greater adverse effects with the Site Condition III alternative.
Potentially significant contributions to the sea surface microliyer and
nepheloid layer are more possible with Site Condition III. As with Site
Condition 11, however, the effects at the unconfined site are expected to be
intermittent and short term, and are not considered significant.

Compared to Site Conditiun ii, Site Condition III would result in similar
physical effects and modifications of marine sediments at the unconfined site
due to the volume and grain size distribution of the naterial. This would
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result in a similar spread and distribution of the dredged material. However,
due to higher chemical concentrations present in the dredged material, Site
Condition III could result in greater biological effects at the unconfined

site than Site Condition II. Sediment quality could be significantly altered
by use of Site Condition III, which may possible lead to unacceptable adverse
effects on biological resources. On balance, there is greater potential for
Site Condition III to result in adverse biological effects than with Site
Condition I.

More barges would utilize the unconfined site; however, the increase in barge
traffic relative to that for Site Condition II would not be significant and
would not result in any change in impact to air quality at the open-water
site. The reduction in transport of the material via more trucks would mean a
shift of air quality adverse effects from the land/shore environments to the
water environment. Overall, the adverse effects of Site Condition III to air
quality are considered less substantive than those of Site Condition Ii.
Though they would vary by the site being used, they are not likely to be
significant in most cases.

For dredged material that is not acceptable for unconfined, open-water dis-

posal under Site Condition III, an estimated 5 acres of land and shore habi-
tats (see table 4.3) could be impacted in the Commencement Bay Area. Addi-
tionally, confined aquatic disposal sites would result in further modification
of bottom area. When the total estimated water and land/shore acreages are

combined for each alternative, Site Condition III would result in less land
(315 acres) committed than Site Condition 11 (339 total acres). The overall
significance of Site Condition III effects to land compared to Site
Condition II would depend on the relative value ascribed to the aquatic and
land/shore acreages.

b. Impacts and Their Significance to the Biological Environment. Site

Condition III would result in more adverse effects to aquatic flora at the
unconfined site, and potentially less adverse effects to plants and terres-
trial animals in land and shore areas, than with Condition II.

For invertebrates, the adverse physical effects of Site Condition III would be

greater at the unconfined, open-water site as those of Site Condition II. A
greater number of species would be expected to exhibit acute and chronic

effects with Site Condition III than with Site Condition II. Crab and shrimp
populations found in the area may also be significantly impacted by disposal
using Site Condition III, relative to Site Condition II, because of the
greater concentration of chemicals and potential for increased risk to the
nepheloid layer.

For birds, terrestrial wildlife, and threatened and endangered species, there

would be an overall reduction in impact associated with Site Condition III
compared to Site Condition II. For aquatic species listed as threatened or
endangered, risks would be higher; however, the area around the open-water
site is not utilized by these species.
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c. Impacts and Their Siguificance to the Human Lnvironment. Compared to
Site Condition II, Site Condition III would reduce the number of land use
issues, as open-water disposal would be the primlary method for disposal of
dredged material. Land issues that remain, however, could be locally sig-
nificant because dredged material that does not meet Site Condition III
requirements would have to be placed at a confined site.

In Commencement Bay, the estimated volume of dredged material thkat would meet
the Site Condition III over the next 15 years is 3,776,000 c.y. Compared with
activity expected if Site Condition II were adopted, no overall impact of Site
Condition III on dredging activity would be expected. The cost of Site
Condition III in Commencement Bay would be approximately tl5,465,000, compared
to $23,398,000 for Site Condition II (table 4.6).

With Condition III activity, there would be more barge traffic at the open-
water site, with a greater potential for sport fishery conflicts and need to
coordinate dredging activities. However, the increase in volume of material
that would be suitable at the open-water site, relative to Site Condition II
would not be great enough to expect a significant increase in barge traffic.
The decreased use of shoreline and land disposal sites could result in lower-
ing the adverse effects to resources and areas of importance to tribal fish-
eries. In addition, minor barge traffic may persist to some nearshore sites,
as well as to a possible confined aquatic disposal site.

There would be no different effects to human health resulting from the seafood
consumption route via Site Condition III. However, given scientific uncer-
tainties in chemical effects though conservative, it can still be said that
Site Condition III would result in greater risk to human health via seafood
consumption than Site Condition II due to overall greater volume and higher
chemical concentrations that would go to the unconfined, open-water sites.
For both alternatives, the adverse effects to human health are not expected to
be significant.

Site Condition III would significantly decrease the potential for adverse
effects to human health in the land and shore environments. Overall risks to
drinking water would decrease as a result of less use of upland sites. How-
ever, the material that does require confined disposal would have high levels
of chemicals and could result in an increase in site-specific impacts in
ground water and freshwater quality. Though the actual risks and effects
would be site specific, on balance, Site Condition III has the potential for
lower adverse effects to human health than does Site Condition II.

Noise impacts at the open-water site would be about the saue as with Site
Condition II, but there would be measurably less noise effects at land and
shore sites. Overall, the adverse effects to noise resulting from Site
Condition III are considered to be less somewhat significant than those of
Site Condition II.

d. Cuwulative Effects. The location of the disposal site in Cormencement
Bay significantly contributes to the avoidance of direct and indirect adverse
effects to important human and environmental resources. The increasU in
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chemical loading to the Sound that would result with Site Condition III rela-

tive to Site Condition II could have a greater cumulative effect on marine
ecosystems, though this is not possible to quantify.

4.07 Selection of the Commencement Bay Alternative. Of the alternatives
considered for the Commencement Bay area, including the No Action alternative,
the selected alternative is alternative CBl-II: unconfined, open-water
disposal site 1 and Site Condition II material. Several factors, discussed
below, are significant in the preference for this alternative.

The two sites considered for Commencement Bay are nearly identical based on an

analysis of impacts to physical, biological, and human environments. In fact,
site boundaries between the two overlap. Both sites meet two key site identi-
fication factors: (1) the site should be located in relatively nondispersive
environments, and (2) are positioned to minimize disturbance to key biological
resources.

Site 1 was selected for several reasons. For one, site 2 is in a somewhat less
depositional environment than is site 1. Although use of either site would be
expected to result in siwilar impacts to biological resources, impacts at site

2 could be greater. Site 2 contains higher (though not significantly higher)
biomass than site 1, although biological resources at both sites are con-
sidered low compared to nearby reference areas. Because of the higher biomass
levels, site 2 is considered to have a slightly higher food resource value to
bottom fish.

The selection of the biological effects condition for site management is based
on consideration of the overall environmental effects of the dredged material
disposal program (including aquatic and land/shore effects). In order to
ensure consistency throughout the region, these assessments were made for the
entire Phase 1 (central Puget Sound) area.

Dredged material discharged at the unconfined, open-water sites must be suit-
able for maintaining the chosen site management condition. Under Site
Condition II, dredged material deposited at Commencement Bay site 1 is pre-
dicted not to have unacceptable adverse effects on biological resources at or
around the disposal site or to human health. Impacts that do occur to aquatic
organisms would be confined to the disposal site and would not exceed sullethal

chemical effects to the few remaining and more sensitive species on site (i.e.,
significant acute toxicity will not be present on site). A monitoring probram
developed for the PSDDA disposal sites will be used to ensure that effects at
the disposal site do not exceed Site Condition Il limits and that offsite
impacts are not occurring. If monitoring indicates that impacts are exceeding
predictions, appropriate site management response would be taken.

Site Condition I has less potential for effects to the aquatic environment
relative to Site Condition II, but would relatively iucrease the potential for
adverse effects to land and shore environments. Site Condition III, on the
other hand, would result in muca greaLer effects to tlc aquatic environment
than would either Site Condition I or Site Condition 11 with almost no impacts
to land and shore environments.
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Costs for testing, dredging, disposal and monitoring of tue volume of sediment
that Is forecasted to require removal over the next 15 years in Commencement
Bay and vicinity under Site Condition I would be approximately t48.3 million,
almost $25 million over the costs of disposal under Site Condition II. Site
Condition III would incur dredged material management costs of about 115
million, almost $8 million less than Condition II.

The selected alternative is consistent with Section 404 of the LWA which

governs the discharge of dredged material in nearshore waters of the United
States. Under Section 404(b)(1) no "unacceptable adverse effects" can result
from the discharge of dredged material in open water sites. Research and
analysis of data used to define the alternative site conditions indicate that

disposal under Site Condition II would not result in unacceptable adverse
effects on aquatic resources. The selected site management condition would,

furthermore, not allow significant acute toxicity on site, thus meeting State
water quality standards and the condition frequently used in the
implementation of Section 404 nationwide.

In considering the overall effects (total impacts of dredged material dis-

posal) to land and water, the use of Site Condition II is considered the envi-
ronmentally preferred approach and was therefore chosen. Additionally,

alternative CBI-II, site 1 and Site Condition II, most closely meets the
stated PSDDA goal to provide publicly acceptable guidelines governing
environmentally safe unconfined, open-water disposal of dredged material in
Puget Sound.
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ENVIRONMENTAL EFFECTS OF THE
ALTERNATIVES CONSIDERED FOR FLLIOIT BAY
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4.08 Alternative EBI-I1: Elliott Bay Site I with Site Condition Ii -

Selected Alternative. The final EIS alternatives evaluated for Lite Elliott
Bay area are shown in table 4.10.

a. Impacts and Tneir Significance to the Physicdl Lnvironuent.

(1) Water Quality.

(a) 1jarine Water. Disposal activitie:s at the selected Site
would not significantly affect water quality conditons (i.e., currently Class
A waters) in inner Elliott Bay, except in the iminaite vicinity of the

disposal site.

Some short-teru water quality impacts within the disposal site are anticipated
following disposal of acceptable dr..dged material from bottom dumped barges
due to elevated levels of suspended solids within the dredged material pltire.
Water quality monitoring of an experimental disposal site in Elliott Bay during
and after disposal operations for a period of 9 months showed no significant
long-term impacts to water quality (Bauwgartner et al., 1978; Schell et al.,
1978; Pavlou et al., 1978). Transient impacts observed were some elevated
levels of PCB (i.e., increases from 3 ng/l to as high as 3 ug/1), d-Mn, and
NI3-N, which were all associated with Increased suspended solids levels and
were short term (generally minutes) in duration. No important chemical changes
in the water column were documented during disposal activities at the Columbia
River ADFI site located off the mouth of the Columbia River, or at other sites
throughout the country during the DMRP (Dredged haterial -esearch Program)
(Wright, 1978).

Through a suggested suurce of chemical contrioution to tle sea ,urface micro-
layer, dredged material chemical input to the microlayer has not been verified
or quantified, but is not considered significant relative to iJther probablfi
sources from permitted discharges (i.e., sewage effluent) (Nord and Ebbesmeyer
1964, Word et al., 196b; Hardy and Cowan, 1966). Contributions to tlF sea
surface microlayer will continue to occur from a variety of sources, including
airborne sources (dry particulate fallout, precipitation, gaSes, ;anr-, animql
materials), land sources (including shoreline erosion, river runoff, dischargc
ot sewage and industrial effluents, and spills from vesse]t ai.d land i;ased
facilities), and nearshore sediments (through upwelling, bubbles, or biochemi-
cdil transformations). Observations of shorelinv contdr nation in Puget Sound
strongly implicate sewage discharges and street runoff as primary causative
agents (ord and Lbbesmeyer, 19b4). Review of the liter:iture on sea gurface
microlayer composition, sources, and impacts on phytoplankton and phytoneuston
is presented in a PSDDA report prepared by Word, et al. (1986). TG ensure
that the dredged material disposal does not result in a release of unaccept-
able concentratiuns of chemicals to the water colur'n, the PSDDA evaluation
procedures call for water column testing, if warranted, on a case-by-case
basis.
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TABLE 4.10

FINAL EIS ALTERNATIVES EVALUATED FOR ELLIOTT BAY

Addressed
EIS Alternative Description in EIS Section

EBI-Il Elliott Bay Site 1 4.08
and Site Condition II
(selected alternative)

EB2-II Elliott Bay Site 2 4.09
and Site Condition II

EBI-I Elliott Bay Site 1 4.10
and Site Condition I

EBI-II Elliott Bay Site 1 4.11

and Site Condition III

Selection of Elliott Bay alternative 4.12

In addition to tne above impacts, suspended dredged material may become incor-
porated in the nepheloid layer that is found near the sediment/water inter-
face. A quantitative estimate of the amount of disposed material that might
become associated with the nepheloid layer is not possible; however, the level
of contribution is not expected to be significant. Indirect evidence of
dredged material contribution to the nephelold layer were seen in research
conducted during the Field Verification Program in Long Island Sound. Benthic
species near the experimental disposal site exhibited increased levels of cer-
tain chemicals during disposal activities. Following disposal, however,
tissue residue values dropped to background levels in organisms collected near
the disposal site (FVP study, 1987). The PSDDA monitoring plan calls for
collection of tissue residue data for benthic species collected off the
disposal site to further evaluate any potential impacts to the nepheloid layer.

In conclusion, only transient and temporary changes in suspended solids levels
and increased levels of sediment-bound chemicals are expected during disposal
activities, with no significant adverse impacts to water quality anticipated.

(b) Freshwater and Ground Vater. impacts to freshwater and
ground water quality can arise from two potential sources: (1) release of
chemicals in effluent during dewatering or from uncontrolled runoff, and
(2) release of chemicals via leachate from confined sites which could enter
ground water. Impacts from effluent or uncontrolled runoff depend on the type
of water (hard versus soft) and the existing water quality of the receiving
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waters. The degree of chemical release associated with effluents can be con-

trolled through a variety of technologies including construction of wiers and
settling ponds.

Significant adverse impacts on ground water may result frow the production of
leachate containing chemicals of concern at the disposal site. Because of the
geochemical changes that are associated with drying and oxidation, a large
fraction of sediment chemicals can be mobilized. Impacts associated with
leachate contamination would be greater under tuis alternative than all others
considered. The magnitude of the impact of leachate production on ground
water quality would depend on the chemical composition and physical charac-
teristics of the dredged material, the characteristics of the interfacing
soils, and the planned use of the underground receiving waters. Tne relative
potential for freshwater and ground water chemical release under this alter-
native is less than the impacts that would be predicted if only Site
Condition I had been chosen for the unconfined, open-water disposal sites and
greater than the impact if Site Condition III had been chosen.

(2) Marine and Estuarine Sediments. The same general procedures used
to delineate the Commencement Bay disposal site (DSS TA, 1987) were used for
Elliott Bay as well (section 4.03.a(2)). The proposed Elliott Bay site is
located at a depth of 200-300 feet and is subject to sluggish tidal currents;
therefore, the dredged disposal model used a 400-foot depth and a 0.1-foot per
second (0.06 knot) current to estimate the extent of the material deposition.
The site is located in a submarine valley with relatively steep sides and a
downward slope varying between 1-foot vertical on 30 feet horizontal to 1-foot
vertical on 50 feet of horizontal distance. These bathymetic features prob-
ably would play a significant role in determining the size and shape of the
disposal area. Consequently, the anticipated site would be a teardrop-shaped
area having a width of approximately 4,000 feet and a length of approximately
6,000 feet (DSS TA, 1987). Assuming that an annual average of the volume that
could be discharged at the selected site over the period 1965-Z0001/ is
experienced beyond the year 2000, the estimated site capacity would be reached
in year 2025.

The results of a monitoring effort by the Corps 4ew Lngland Division at their
Portland, Maine, disposal site, indicate that the selection of the disposal
site in a deep valley is an excellent choice, since the steep slopes on the
margins contribute to containment of the material. In addition, in 1976, an
extensive study undertaken at the experimental disposal site located within
the inner Elliott Bay ZSF indicated that dredged mateLial was not eroded over
a several-year period. Finally, sediuent cores taken in the bay indicate that
natural sediments deposit at the rate of approximately 1 centimeter per year
(Lavelle et al., 1986). Lombined, these studies present strong evidence sup-
porting the conclusion that, once material is deposited at the proposed dis-
posal site, not only would it renain confined to the valley in which it is
placed, but that after disposal operations cease, natural sedimentation would
cover the disposed material at a relatively rapid rate.

I/See table 4.2b.
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Surface sediments at Elliott Bay site 1 are primarily fine mud and clays (DSS
TA, 1987) and the site appears to be one of net deposition. Material expected
to be disposed at the open-water site would range in grain size from primarily
silt and clays (Lower Duwamish River) to material that is priimdrily sand
(Upper Duwamish River Turning Basin) (Tetra Tech, 1986). Although some
changes in grain size distribution at the disposal site can be expected due to
disposal of Elliott Bay area dredged material, these impacts are not expected
to have a significant adverse impact on the sediments of the area.

Sediment chemistry analyses of samples from the area of site 1 indicate that
the sediments have moderate levels of chemicals of concern, with concentrations
similar to other sites in inner Elliott Bay. Disposal of dredged material
allowable under Site Condition II would not increase sediment chemical levels
within disposal site 1. For some chemicals, already elevated in onsite sedi-
ments, disposal would actually decrease the site chemical levels. See "Impacts
and Their Significance to Biological Environment" for a discussion of the
possible impacts to biological resources due to potential increases in
sediment chemicals onsite.

(3) Air Quality. No significant loading of concern chemicals to the
existing air environment are anticipated as a result of forecasted disposal
activities at the preferred site in Elliott bay. Tug boat towing of barges to
the disposal site is expected during the normal 45 to 50 days of average
annual site usage. During this usage, on the average about 2 to 4 barges per
day would be discharging at the site with peak activity of 6 barges per day
(table 4.9).

Some hydrocarbon releases, including hydrocarbon byproducts and particulates
from diesel fumes would be released during tugboat towing of barges to the
disposal site. Negligible concentrations of hydrogen sulfide gas may also be
released from the dredged material during open-water disposal activities, in
summary, no significant impacts are anticipated to Lhe iir quality environment
in Elliott Bay as a result of disposal activities due to the selected
alternative.

(4) Land. Habitat losses associated with dredged material that must
be placed in "ther disposal sites (benthic/land/shore/confined) could include
loss of wetlands, loss of fish feeding and rearing habitat, loss of land vege-
tation, and loss of natural shoreline areas (see sections 2.04 and 4.02
above). An estimate of habitat losses was developed for the Elliott Bay
selected alternative (table 4.3), indicating that approximately 415 acres of
benthic habitat would be covered by the preferred open-water disposal site,
while land and shore losses would approximate 266 acres. It is not possible
to further distinguish between upland and nearshore losses, since development
of either would depend on relative site availability. The Elliott Bay area
has experienced substantial shoreline filling and land development relative to
other two Phase I major dredging areas. As a result, there are very few areas
that could serve as potential disposal sites without the displacement of other
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human land uses (i.e., industrial development) or significant losses of near-
shore habitat. Since land and shoreline sites within the bay are expected to
be difficult to come by in future years, land disposal may often need to occur
at more distant sites (with long hauls for truck transport) and added pressure
may exist for increased reliance on confined aquatic disposal.

The significance of these losses would depend on the ecological value and pre-
vious uses of the land prior to its use as a dredged material disposal site.
The open water site used for unconfined disposal is expected to be recolonized
following cessation of disposal activity (see Section 4.08.b(3)(a), Impact to
Benthic Infaunal Resources). Land sites that are developed for human use
(e.g., disposal sites), however, are usually permanently lost fron ecological
production unless extensive effort is put into reclamation. Development of
nearshore areas could result in significant adverse losses of salmonil feeding
habitat.

b. Impacts and Their Si nificance to the Biolojicl Environraent.

(1) Flora.

(a) Marine and Intertidal. Little impact to marine and inter-
tidal species is expected under this alternative. Impacts that would occur to
intertidal and subtidal macroalgae and eelgrass would primarily be due to the
introduction of short-term pulses of suspended materials from effluent outfalls
from nearshore or upland sites that could interfere with photosynthesis by
reducing light availability. This impact would be expected to be minor and
confined to the area around the outfall and can be reduced through proper con-
trol of effluent discharge. Relative impacts under this alternative would be
less than those predicted if Site Condition I had been chosen for the uncon-
fined, open-water disposal sites and greater if Site Condition III had been
chosen.

(b) lerrestrial. Significant adverse impacts to terrestrial plants
can result with disposal of dredged material at confined upland sites. Site
preparation requires complete destruction of the existing habitat includinr_
removal of vegetation and possibly excavation of top soil (which can be used
to construct dikes, berms or stored for later use as a soil cap) (Canter et
al., 1977). Under this alternative, approximately 266 acres of upland and
nearshore area would be used to develop confined disposal sites. The impacts
to plant communities under this alternative are greater than those associateO
with Site Condition III and less than tue impacts associated 4ith Site
Condition I.

Following disposal, land sites i,,ay still present significant adverse impacts
to plants recolonizing the area. High salt content and the presence of chemi-
cals may hinder successful germination aud growth of many plant species. In
addition to slowing or preventing reestablishment of plant communities on
site, vegetation around the perimeter of the disposal area may also be acutely
impacted as a result of salt seepage (Harrison and Chisholm, 1974).
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Once a disposal site is no longer in use, remedial action can be undertaken to

rehabilitate the land, although this is often difficult to accomplish
(Grosselink, 1973). Sites can be seeded with saline resistant plants or

covered with enough top soil to act as an effective barrier between establish-
ing plants and the dredged material. Additionally, dredged material can be

deep plowed and limed to enhance soil conditioning prior to establishment of

vegetation (CZRD, 1978).

(2) Plankton.

(a) Marine Phytoplankton. Impacts to phytoplankton would result
during disposal operations from intermittent pulses of suspended material that
could either promote and inhibit primary production. Turbid mixtures of
organic and inorganic material both interfere with photosynthesis by shielding
light and stimulate growth by raising inorganic nutrient levels above back-
ground levels. Impacts can also occur from suspended materials adhering to
the surfaces of cells, interfering with gaseous/nutrient transport across the
cell wall, possibly leading to mortalities. Also, phytoplankton in the path
of the descending dredged material mass would be removed from the euphotic
zone and lost (flocculated). The release of growth inhibitory substances from
the dredged material may also occur. Concern chemicals released during dis-

posal could result in inhibition of photosynthesis by interfering with
metabolic pathways.

As disposal operations would not occur during the major portion of the sprinF
bloom period when dredging is not permitted due to salmon and steelhead smolt
outmigration. The high phytoplankton productivity at that time of the year
would not be significantly impacted. Disposal would occur, however, during

0 the fall blooti period, so that impacts to the phytoplankton community may be
somewhat more pronounced than during other times of the year. The overall
impacts on primary production would be localized, are likely not measurable,
and are not expected to be significant.

(b) Zooplankton. impacts to zooplankton could result from sus-
pended particles interfering physically with active feeding. In addition,
suspended particle loads would dilute the concentration of food particles in
the water for filter feeders and, in some instances, reduce the amount of
available food (due to flocculation of phytoplankton).

Zooplankton in the immediate disposal area could become entrained by the dis-
posal material with resultant mortalities. however, most zooplankton are
spatially distributed over a wide area in the water column and any impacts at
the disposal site would not be expected to significantly affect Elliott Day
zooplankton community structure.

Any impacts to the Elliott Bay zooplankton community would be localized and
short term. Chemicals released from the disposal operation may have measur-
able, although short term, and localized impacts. Localized impacts could
include mortality, inhibition of growth and reproduction. However, the tem-
poral nature of the disposal and tite small percentage of zooplankton impacted
relative to the existing bay-wide community, would render this impact
inslgnificant.
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(3) Invertebrates.

(a) Benthic Infaunal Resources. Two types of impacts would
occur as a result of dredged material disposal at the selected PSDDA open-
water site: (1) physical impacts, and (2) chemical impacts. Each is dis-
cussed in turn with respect to probable impacts to the sedentary benthic
infaunal resources existing within the disposal site and immediately adjacent
to it.

Anticipated physical impacts to sedentary benthic infaunal resources resulting
from dredged material disposal in the selected site would include the imme-
diate, but temporary, loss of benthos due to burial and snothering by cluups
of cohesive material within the relatively small single dump bottom impact
area ("250-foot diameter," see section 2.03h(l)) of the overall disposal site.
Direct physical impacts from dredged material hitting the bottom would be
greatest in the center of the impact zone and diminishing to negligible impacts
toward the edges of this zone. It is likely that some of the buried infauna
would be able to survive initial burial by vertically wigrating out of
deposited material, particularly if they are covered by less than 20 cm of
material. Several benthic infaunal species have demonstrated the ability to
migrate vertically and survive burial induced by relatively thick covers
(i.e., up to 50 cm) of sediments with particle size distributions both similar
to, and different from, their preferred sediment habitat (Maurer, et al.,
1978).

During periods of dredging inaLtivity, partial recovery of benthos due to
recruitment and migration from surrounding unimpacted areas can be expected.
Likely recruits to the disposal site may consist of polychaete opportunists
such as Capitella capitata, Spiophanes fimbriata, and Boccardia polybranchia
(Battelle Draft Report to EPA: Detailed Chemical and Biological Analysis of
Selected Sediments From Puget Sound, 1985) as well as from resident bivalve
species, such as Axinopsida sericata, and ilacoua carlottensis. Recolonization
may result in the partial restoration and/or possible enhancement of benthic
habitat values to foraging bottom fishes (Rhoads et al., 1978; Becker 1984).
Tatum (1984) reported an increase in benthic species abundance at an experi-
mental disposal site in Elliott Bay following disposal operations. Addition-
ally, a recent BRAT survey of the Foul Area disposal site off the coast of New
England showed that benthic resource food values on site were increased as a
result of disposal activities relative to offsite conditions for many of the
target flatfish foraging strategies examqined, particularly fish foraginR for
smaller prey living near the sediment-water interface (Lunz, 1986).

Existing benthic communities found onsite are adapted to fine-textured, Medium
silt/coarse silt bottoms. Potential changes in bottom sediment grain size
distribution resulting from dredged material disposal would likely have a
detrimental impact on many of the resident infaunal species (i.e., due to
lower reproductive potential, impaired recruitment success, and survival of
young) as well as negatively influencing the ability of buried adults to
vertically migrate and survive burial (Maurer, et al., 1976).
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Under the effects definition for Site Condition II (see section 2), some sub-
lethal impacts to onsite benthos are possible from chronic exposure to dredged
material. These impacts would be confined to the disposal site. The PSDDA
monitoring program includes a check of benthic community health around the
disposal site to ensure that unacceptable biological impacts are not occurring.
The severity and extent of biological effects from the dredged material are
not expected to be significant since the majority of the taxa found at the
selected site (polychaetes, bivalves; Clarke, 1986) are not known to be
acutely sensitive to chemicals of concern. Lffects associated with Site Con-
dition II would include sublethal impacts, with potential increases in the
mortalities of the more sensitive, but less abundant, crustacean species
(section 3.02b(l)(b)).

Cumulative effects of exposure to the dredged material expected could result
in a reduction in population and community biomass of equilibrium (Stage III)
species, with a corresponding increase in abundances and biomass of more
pollution and disturbance tolerant pioneering (Stage I) species. This pattern
would also be maintained by the periodic physical disturbance of the site
during diposal operations. Tissue concentrations of contaminants may also
increase in onsite benthos exposed to the dredged material.

Impacts that occur off of the site would not be significant, consisting of
food web impacts and possibly sea surface microlayer impacts. The former
involves mobile benthos (crab, shrimp, etc.) feeding on disposal site benthos
and migrating offsite with a chemical body burden and, perhaps, chronic
effects, and contributing chemicals via predation or decomposition to the bay
food web. The degree of food web transfer is unknown, but should not be sig-
nificant, due to the nature of the site management condition. Nearshore,
intertidal and subtidal invertebrate fauna would not be significantly impacted
from the disposal operations due primarily to their distance from the disposal
site. Existing sea surface microlayer chemicals may occasionally contact the
nearshore benthos as a result of currents, tidal actions, and wind moving
chemicals onshore. In the case of Elliott Bay site 1, the probability that
contaminants from the disposal material would significantly contribute to the
existing sea surface chemical load, witli significantly increased impacts, is
considered low. (Word and Ebbesmeyer, 1985; Word et al., 1986; Hardy, 1986).

(b) Intertidal. Intertidal invertebrates would be impacted by
any development of the nearshore environment for use as confined disposal
sites. Physical irmpacts to sedentary species from dredged material disposal
would be the immediate loss of intertidal communities due to burial during
disposal activity. Effects observed at the nearshore site are expected to be
sublethal in nature if material disposed in the nearshore environment contains
chemicals in concentrations characterized as Site Condition 11. Some acute
impacts could be expected if dredged material exceeds Site Condition II.
Species impacted would include copepods and gammarid amphipuds, which can
comprise 30 to 40 percent (by abundance) of the species present in intertidal
communities. Chemical impacts are expected to be localized to the area
immediate to the effluent outfall. Overall impact to intertidal communities
would be dependent on both the amount of nearshore area taken for disposal
site use and the level of chemicals in the material disposed.
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(c) Mobile Crab and Shrimp Resources. Various shrimp species
would be impacted by disposal at the selected site. The primary impact would
occur during the fall season, as moderate densities (up to 885 shrimp per
hectare) have been observed from the eastern half of the site. The impact
during the winter (primary dredging period) or summer would be much reduced.
Fall densities could conceivably support a limited commercial or recreational
shrimp fishery, were they not located in a very high boat activity and harbor
area in inner Elliott Bay.

Using a conservative analysis, shrimp could suffer mortalities In the imme-
diate impact zone from clumps of disposal material. These clumps could bury
shrimp to a depth through which they could not vertically migrate. Mortali-
ties from clumped material encounters would be minimal outside the immediate
center of the drop impact zone, and due to minimal projected daily depths of
dredged material expected (see section 2.03h(l)). Deposition of material in
the impact zone extending out to the aprons of the disposal impact area would
be light, and would not impact the shrimps ability to maintain contact with
the sediment surface. However, some mortality due to suspended material clog-
ging gill filaments are possible. Most shrimp may migrate offsite in an
effort to escape respiratory distress induced by elevated suspended solids.
In time, shrimp would migrate into the disposal area, possibly attracted to
food organisms and, if they remain (i.e., colonize the site) could suffer
mortalities during subsesquent disposals.

Possible other impacts onsite could involve shrimp exposure to sediment
chemicals contaminants and possible bioaccumulation, leading potentially to
sublethal impacts to shrimp remaining on the disposal site. Shrimp may also

migrate offsite, so that the chemicals could enter the food web via predation.
Due to existing high sediment chemical levels in the vicinity of the preferred

site (Tatum, 1984), no commercial fishery exists for shrimp in Elliott Bay.
It is likely that bioaccumulation of chemicals such as PCB may reduce the
marketability of shrimp in Elliott Bay, and thus the commercial value of
shrimp caught in inner Elliott Bay would probably be negligible under existing
conditions.

(4) Fish.

(a) Anadromous Fish. Impacts of disposal operations on impor-
tant juvenile salmon populations would be negligible, primarily because no
disposal operations would occur between April 1 and June 15, the "window"
designated by the Washington State Department of Fisheries to protect juvenile
salmon during downstream migration. The majority of the juvenile salmon
populations will have migrated out of Elliott Bay by June 15.

Disposal would occasionally be coincidental with the presence of early or late

migrants (especially chinook salmon) or with those species that may tend to
remain in the bay for extended periods of time (e.g., searun cutthroat
trout). These juveniles would not be impacted by the disposal operations
unless they frequented the disposal area where they could pass through the
turbidity plume and be subject to turbidity impacts, which include interfer-
ence with oxygen exchange due to suspended solids clogging gill surfaces, and
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slightly lowered oxygen availability due to biological oxygen demand of the
suspended dredged material that forms the disposal plume. Impacts to juve-
niles due to exposure to chemicals in the plume would probably be negligible
as most chemicals would be unavailable, bound to the sediment particles rather
than dissolved in the water column where they could be absorbed across gill
surfaces. These impacts, if they occurred at all, would be minor since
juveniles typically avoid disposal plumes.

Adult salmon and trout migrating through the bay would also not be signifi-
cantly impacted by disposal operations as the majority of the fish would avoid
disposal-associated turbidity plumes. Those fish that contact the plume, how-
ever, would be temporarily impacted from short-term clogging of their gills by
suspended material, and from slight depressions in dissolved oxygen due to the
biological oxygen demand of the dredged material. However, these conditions
are far less severe than the fish usually encounter when they migrate up the
Green-Duwamish River during periods of floods or highwater.

Contribution of chemicals to the sea surface microlayer from Site Condition II
dredged materials may occur, but is expected to be minor relative to existing
levels of chemicals from other sources (Word et al., 1986; Hardy, 1986).
Actual chemicals and their concentrations would be difficult to identify/
measure in view of many source contributions in Elliott Bay. Adult salmon may
occasionally swim at the surface for short periods and therefore contact the
microlayer during their milling behavior, however, physiological effects due
to dredged material chemicals would not be expected to occur. For there to be
a noticeable impact on adult salmon fished in the bay, the salmon would have
to swim for extended periods of time at the surface and near to the disposal
area or microlayer "plume" to absorb chemicals via the gills, possibly result-

3m, Ing in minor physiological impairments. Swimming at the surface for extended
periods is not typical of migrating adult salmonids. In general, disposal
operations involving material suitable for Site Condition II should not sig-
nificantly impact physiological mechanisms/behavior patterns of adult salmon
in Elliott Bay.

(b) Bottom Fish Resources. Negligible bottom fish resources
were found on or near the selected site during site specific studies in
February, June, and September 1986 (section 3.02(b)(2c)). It is therefore
probable that the area in Elliott Bay, occupied by the selected site, does not
represent prime bottom fish habitat. Nevertheless, some direct and secondary
impacts to bottom fishes are expected to occur as a result of disposal of Site
Condition II dredged material at this site. Clumps of cohesive material
impacting the bottom may bury flatfish such as Dover sole within the
"250-foot" diameter bottom impact zone (see section 2.03h(l)). Any fish found
outside the bottom impact zone would likely escape direct impacts, but may
suffer some respiratory distress due to gill clogging and/or low dissolved
oxygen levels (i.e., due to high cOD/BOD levels), induced by elevated levels
of suspended solids within the dredged material plume. It is highly likely
that fish would avoid stressful levels of suspended dredged material by
temporarlly moving out of the area. In conclusion, because only low numbers
of bottom fish resources were found on site, direct physical impacts from
disposal on these resources are not expected to be significant.
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Bottom fish resources way also be affected through secondary impacts resulting
from disposal of dredged material in the preferred disposal site. Benthic
habitat within the "250-foot" impact zone is expected to be temporarily lost
as a result of burial and smothering, further lowering the value of the area
as food habitat for bottom fish. As this area does not appear to be a prime
feeding habitat area for bottomfish in general (Clarke, 1986), the impact of
this habitat loss to fish resources is not expected to be significant.

Benthic resources, however, are expected to recover during periods of disposal
inactivity. Fish food habitat values might even increase as a result of
increased production of pioneering (stage I) opportunistic species on the dis-
posal mound (Rhoads et al., 1978; Becker, 1984). Bottom fish foraging on
these opportunistic species may bioaccumulate chemicals through dietary intake
of prey. Direct accumulation of chemicals might also occur through skin and
gill membranes as a result of their intimate association with the bottom sedi-
ments, particularly when buried in the sediments. Because the area of the
disposal site only represents a relatively small portion of the foraging habi-
tat for demersal bottom feeding fish in Elliott Bay, and documented fish food
habitat resources on site are uniformly low, only very low levels of chemical
bioaccumulation in fish predators are possible.

(c) Freshwater Fishes. For disposal of material unsuitable for
unconfined, open-water disposal, impacts to freshwater fish can result from

the introduction of effluent discharge into freshwater habitats. Two sources
of iipacts are associated with effluent discharge: (1) impacts due to

increases in turbidity and siltation, and (2) impacts due to increases in
chemicals.

Fish species in general, and freshwater game fish in particular, have a low

tolerance for increases in turbidity (Canter et al., 1977). Fish mortality
due to asphyxiation is often the result of the coating effect of fine parti-
cles settling on the gill filaments (Sherk and O'Connor, 1975). Eventual
reduction in fish population size and even local species elimnination have been
found as a result of increasing turbidity levels in streams that typically had
low background levels of suspended solids (Hollis et al., 1964).

Another possible impact due to turbidity and siltation on fish populations is
through the reduction in spawning groutid habitat (hollis et al., 1964). Ripe
running fish will abandon previously used spawning grounds if siltation is too
great. Siltation will result in suffocation of fertilized eggs by reducing
oxygen exchange across the egg surface.

Freshwater fish are generally more sensitive to chemicals of concern than are
marine species and are therefore more susceptible to chemicals associated with
effluent runoff fron confined disposal sites. In addition, toxic metals are
more readily available to organisms in freshwater than in saline waters, in
effect increasing the exposure environment. The relative poteutial for

impacts to freshwater fish under this alternative is less than the impacts
that would be predicted if only Site Condition I were cho',en for unconfined,
open-water disposal sites and greater than the impact if Site Condition III
were chosen.
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(5) Terrestrial Wildlife. Development of upland and nearshore con-
fined disposal sites would require the destruction of wildlife habitat and
cause significant adverse impacts to terrestrial wildlife. The types of wild-
life and number of species impacted by site construction would depend on the
specific type of habitat being destroyed. Disposal site construction on a
field would impact generally smaller-sized animals and relatively less diverse
communities than would be expected if forested land were utilized as sites for
confined disposal. The significance of the impact to terrestrial species will
depend upon the availability of nearby habitat (and its carrying capac- ity)
to assimilate displaced wildlife. Relative impacts under this alterna- tive
will be less than those predicted if Site Condition I were chosen for the
unconfined, open-water disposal site and greater than impacts if Site
Condition III were chosen.

(6) Birds.

(a) hater Birds. The only direct impacts of open-water disposal
on waterbirds would appear to be the result of temporary turbidity, temporary
loss of prey source, and potential impacts to intertidal organisms from drift
of suspended dredged material. Turbidity limits visibility and makes feeding
difficult, if not impossible. Turbidity from disposal activity, however, is
localized and temporary; furthermore, waterbirds will avoid the turbidity
plume and feed elsewhere. Benthic resources at the disposal site are gen-
erally not utilized as food by waterbirds. Few birds dive greater than 120
feet (cormorants and loons may), which limits the impacts to a few species.
Furthermore, stomach samples of deep-diving birds indicate that bottomfish
comprise only a small proportion of the total diet. Thus, these birds do not
depend on bottom-living organisms,and, in fact, primarily utilize free-s, swimming fish such as herring and smelt.

Even if the disposal areas were utilized by waterbirds and the sites did not
fully recolonize, the total area of impact is small relative to the potential
feeding area in Puget Sound. Waterbirds are mobile; also, the preferred site
selected has relatively low biological productivity to begin with, such that
the loss would be minimal. The potential loss of intertidal organisms from
drift of suspended material is considered to be minimal and would not affect
waterbirds.

The selected disposal site is not presently nor historically an area of con-
centration of waterbirds. Elliott Bay's primary value to waterbirds is in the
protected intertidal areas, where most of the waterbird species can find
refuge and a food resource. Significant impacts could be expected to
shorebirds if nearshore areas were developed as confined disposal sites.

(b) Terrestrial Birds. For material requiring confined dis-
posal, terrestrial birds could be significantly impacted under tne preferred
alternative depending on the types of upland habitat used for construction of
confined disposal sites. Impacts would be greater if forrested land were used
relative to cleared land because of the greater diversity of birds associated
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with the former. Following reclamation of the area after the life of the dis-
posal site, sublethal chronic impacts to terrestrial birds could occur due to
ingestion of plants and animals that have accumulated chemicals arising from
the dredged material.

(7) Marine Mammals. No significant long-term impacts to uarine
mammals indigeneous to or migrating through Elliott Bay are expected from
disposal of dredged material at the selected site. No marine mammals dis-
cussed in section 3.02(b)(4) are abundant in Elliott Bay, and their presence
in the selected disposal site would only be a rare occureuce. It is therefore
probable that no significant physical or chemical impacts to marine mammals
are expected. Those mammals in the vicinity of the disposal site during a
disposal operation, would likely avoid the area during the dumping activity.
Marine mammals feeding on bottom fish and racroinvertebrates in the vicinity
of the disposal site may accumulate small levels of chemicals concentrated in
their prey, although the amount attributable to the disposal site itself woul.d
probably not be significant due to their wide ranging foraging habits and the
suall percentage of site use (Wiright, 1976).

(8) Endangered and Threatened Species. Biological assessments have
been prepared that evaluate potential impacts to bald eagles, gray whales, and,
humpback whales (exhibit A). The only species on the Federal list that are
found in Puget Sound are the gray whale, humpback whale, peregrine falcon, and
bald eagle. Gray whales are regularly, though infrequently, sighted in Puget
Sound. These are considered strapglers which may or rjay not feed while in
Puget Sound. Some of the few recent sightings of gray whales in Puget Sound
have been relatively close to the preferred disposal site. In each case, the
whales were present for no more than 1 day and were not seen again in the same
area. The iiaplication is that the whales are "passing througn" (and in all
likelihood not feeding) and find no special attraction for any one area. It
tiius appears that selection of the proposed disposal areas would not impact
gray whales, regardless of the sites ultimately selected. Much the same
arguments can be made for humpback whales.

Peregrine falcons are rarely observed in the vicinity of any of the selected
disposal areas; rarely enough, in fact, that tie U.S. Fish and Wildlife
Service did not include this species on its list of species that should be
considered in the biological assessment. Their prey base consists of small
waterbirds, primarily ducks such as teal, and shorebirds. Peregrines prefer
to stoop on large flocks of such birds, wihere they nave .;reater odds of find-
ing one that is weak or confused and, hence, easy prey. Such flocks are most
often in protected bays in intertidal or shallow subtidal habitats. The open-
water disposal sites are relatively unprotected and generally do not attract
large numbers of waterbirds. The lack of ouch large flocks at the proposCA
disposal areas sites that selection of the area would not impact peregrinet
(since their prey base would not be affected).

bald eagles are present throughout the year near the selected disposal site.
They feed on whatever r.ay be preaent (ducks, gulls, live surfa e-swimming
fish, dead animals washed ashore, etc.). Again, concentrations of birds or
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fish are helpful for prey-capture success. The selected disposal sites for
Elliott Bay does not have large concentrations of animals and thus feeding by
bald eagles would not be affected.

Other potential affects associated with the disposal site include primarily
human disturbance and noise from disposal barges. The most important con-
sideration is that the selected site is not near regular areas of animal use.
Thus, human disturbance and noise are not expected to affect any endangered
species.

c. Impacts and Their Significance to Human Environment.

(1) Social Economic. Adverse impacts to waterborne commerce move-
ments in Elliott Bay and vicinity, and related port terminal aLd industrial
development are expected to be substantially less with this alternative rela-
tive to the No Action alternative. Because of higher costs associated with
dredging and dredged material disposal, dredging cycles may be extended over
that experienced in the past. However, delays would be less under this
alternative than those expected if Site Condition I were chosen for management
of the unconfined, open-water disposal sites. The Dredging and Disposal
Activity section (see below) presents a comparative analysis of the costs
associated with dredging under the alternatives considered by PSDDA.

Impacts to sport fishing could also occur due to displacement by tugs and
barges at the disposal site (see Navigation section uelow). In addition,
impacts to land and beach use could also be expected if nearshore and upland
disposal sites were developed in recreational areas. Overall, social econoT.ic
impacts are not expected to be significant.

(2) Transportation.

(a) Navigation. Normal average dnnual dredged material disposal

activity in Elliott Bay is expected to be about 45 to 50 days per year, about
the same or a little less than the level experienced over the past 15 years.
Disposal activity could be considerably greater than this level for several
years if the Duwamish Navigation Improvement project is undertaken. Actual
activity would depend on dredging projects undertaken, and the results of
chemical and biological tests performed on material to be dredged. As naviga-
tion channels would be maintained, there would be no adverse impacts on naviga-
tion activity due to channel shoaling. Barge-tug movement during disposal
operations is not expected to be much different than at present and conse-
quently there should be no significant navigation conflicts with commercial or
pleasure craft.

Since disposal typically is accompdnied by dredging, the Elliott Bay selected
site would not be used during the salmon and steelhead smolt outmigration:
April i through June 15. During times of normal site use, disposal activity
at the site would be expected to average about two to four barges per day with
peak activity of 10 barges per day (table 4.9).
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When proceeding to the disposal site, tug and barge combinations move at a

slower raLe loaded than unloaded. Average travel speed is typically around

5 knots. Once on site, disposal operations within the 1,800-foot diameter
disposal zone usually require between 5 and 10 minutes. On occasion, weather

constraints and repositioning requirements (to ensure proper location of
disposal) can increase the onsite time to as much as 20 minutes. Using a,

average of 10 minutes, and assuming three to four barges per day, normal site
occupancy could amount to about 30 to 40 minutes per day or about 25 hours per

year.

Though delays in disposal activities could result from avoidinp conflicts with

tribal fisheries (see below), they are unlikely, given the anticipated and
required coordination between dredgers and the tribes.

Disposal operations at the selected site would represent a slight increase in
navigation traffic for the site proper. With increased water traffic, there
is an increase in risk of minor oil leaks or spills, and of vessel colli-
sions. The infrequent site use, and the short duration of site occupancy,

combined with the use of the Coast Guard's vessel traffic system, indicate
that these risks are likely not significant.

(b) Land. Impacts to land transportation would be similar,
though less than those resulting from the No Action alternative, as about
32 percent of future dredged material is expected to be found allowable to be
placed in the Elliott Bay disposal site. Truck hauls and traffic congestion
associated with upland disposal would be less than under the No Action
alternative where most dredged material would be placed in nearshore or upland

sites.

(3) Dredging and Disposal Activit . The overall impact of this

alternative on dredging activity in Elliott Bay would be to increase the
volume of material found acceptable for unconfined, open-water disposal over
that allowable under existirg interim criteria. Until June 7, 1987 the

acceptability of material for open-water disposal in Elliott Bay was based on
the Fourmile Rock Interim Criteria. That site has now closed with the expira-
tion oi the shoreline permit. However, the State and local governments have
indicated that, absent action by PSDDA, these criteria would be replaced with
PSIC. Using PSIC, only about 13 percent of the future Elliott Bay area
material is expected to be acceptable for unconfined, open-water disposal.
Under the selected site uanagement condition, 3.4 millioa c.y. of material is

projected over the next 15 years to be found acceptable for unconfined,
open-water disposal at the selected Elliott Bay disposal site (table 4.2h).
Actual disposal will depend upon the outcome of chemical and biological tests
conducted on the material and the actual projects proposed for dredging.
Costs of dredging (includes testing, dredging, compliance inspections, and
open-water site monitoring costs) over the next 15 years in Elliott Bay usinp

Site Condition II would be approximately 4162 million (table 4.6). Assumptions
and detailed calculations used in deriving these estimates are described in

the EPTA (part Ii, section 10). It is anticipated that as source control
itaproves and project-specific experience and data become ivailable, the portion

of future dredged material that is acceptable for unconfined, open-water

disposal would increase.
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(4) Native American Fishing. The selected alternative is not
expected to significantly impact Native American fishing in inner Elliott
Bay. As described in section 2, steps have been outlined to ensure that
disposal-related vessel traffic would be compatible with tribal fishing.

Disposal operations are not expected to affect salmonids in Elliott Bay. The
disposal site is situated in water greater than 200 feet deep and salmonids
feed at shallower depths. Adult salmon and steelhead trout migrating through
the disposal site should not be impacted by disposal operations as the major-
ity of the fish would avoid disposal-related turbidity plumes. The few fish
that may pass through the plume may be stressed to a minor degree. However,
this disturbance would be short duration and would not have any long-term
effect on the health of the fish. The sea surface microlayer is also not
expected to significantly impact salmonids or to have an effect on fishing
gear. Contributions of dredged material to the sea surface microlayer have
not been quantified, but are not considered significant relative to other
probable sources from permitted discharges. Adult salmon way occasionally
swim at the surface for short periods (during milling behaviour), but contact
with sea surface microlayer chemicals would not affect the physiological
health on marketability of the fish. The microlayer is not thought to be con-
tinuous on the sea surface, and appears to be easily disrupted; therefore,
chemical problems with fishing gear and nets contacting the sea surface
microlayer near the disposal site would not be significant.

Possible tribal concerns regarding the impact of the PSDDA proposal to water
quality and fisheries resources upon which the tribal activities are dependent
are addressed earlier in section 4 of the DEIS.

0 (5) Non-Indian Commercial and Recreational Fishing. Non-Indian fish-

ing activities may be displaced during the discharge of dredged material at
the selected disposal site. At times of major dredging activity, this dis-
placement could persist for 5 to 10 minutes, 10 times per day. The selected
disposal site has been located to minimize potential conflicts with known com-
mercial and sports fishing activities. It is anticipated that displacements
are more probable for sports fishermen than for commercial activities. The
disposal site location and the relatively short duration of site use, are
expected to preclude any significant adverse effects to fishing activities and
catch success in these waters.

(6) human health.

(a) Via Seafood Consumption. No impact on human health is
anticipated from the consumption of seafood that might be in or near the dis-
posal site. Only suitable dredged material will be allowed for disposal at
the site. No significant impact to human health is expected with Site
Condition II.

(b) Via Drinking Water. 4heu marine/brackish, dredged material

is placed in a confined nearshore or upland disposal facility, the potential
exists to generate leachates having adverse impacts on ground water and
surface water used for drinking. Under this alternative, material forecasted
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to be found unsuitable for unconfined, open-water disposal will have to be
placed in a confined site. If the material is placed in a nearshore or upland
facility, then potential for drinking water chemical impacts exists, espe-
cially if design features such as leacuate collection 6ystelas, effluent con-
trol, or runoff control are not used or fail. Development of any upland or
nearshore disposal sites, and Lhe types of materidl allowed in these sites,
would be subject to State and Federal regulations designed to protect drinking
water sources. The relative potential for ground water chemical inpacts under
this alternative is less than the impacts that would be predicted if Site
Condition I had been chosen for the unconfined, open-water disposal sites and
greater than the impacts if Site Condition III had been chosen.

(c) Via Inhalation of Dust. Dredged material placed on nearshore
and upland disposal sites provides a potential source of dust with chemicals
of concern that could have an impact on workers and residents living around
such a site. Dust production can especially be of concern at multiuser sites
where the deposited dredged material is being reworked. This can also be the
case at a disposal site that is being prepared for alternate uses. The impacts
to human health from inhalation of dust can be minimized by the application of
suitable ground cover. The relative potential for dust production under this
alternative is less than would be predicted if Site Condition I had been
chosen for the unconfined, open-water disposal sites, and is greater than if
Site Condition III had been chosen.

(d) Via Direct Exposure. Little direct exposure of humans to
contaminated dredged material occurs. The only segment of the population that
might be expected to come into direct contact with oredged material are workers
on dredging crews and at upland and nearshore disposal facilities. Material
that is highly contaminated could be placed in secure disposal sites where
protection against exposure to chemicals would be minimized by operational
procedures (i.e., wearing protective clothing and respirator, security to
limit access to the site, application of coverage soil for disposal).

(7) Noise. There have been no ueasureraents of a,bient noise Ievc Is
or of the actual noise at the shore which would be produced by disposal equip-
ment operating at the preterred disposal site iii Elliott Bay. However, noise
studies have been done at the shore adjacent to the Fourmile Rock disposal
site in Elliott Bay that provide some estimation of the nois inpact of
disposal operations.

Between 20 September 1985 and 24 June 1986, eht ... noise studies were
conducted in the residential area near the Fourmile Rock site by two noise
consultants. Ambient noise measured between 35 and 70 dBA and averaped frou
35 to 51 dBA during the different measuring periods. Noise from tugs and tug-
barge combinations was reasured at Letween 37 and 46 dBA. The average noise
levels were in the low 40's. The exception was one barge which measured
58 dBA for a short time. Muffling has since been added to bring the noise
level down further. In a number of cases, the noise testers reported that the
tugs and barges could not be ueard dbove arbient noise at the shore.
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The selected Elliott Bay site will be at least 2,500 feet from the Seattle

shoreline. It is assumed that noise impacts from use of the site will be well
within State and Federal noise standards and, In many cases, unnoticeable.

(8) Esthetics. Disposal operations are not expected to signifi-
cantly affect the esthetic quality or experience in Elliott Bay and vicin-
ity. The disposal operations will be only a minor part of the marine
activities ongoing in a busy harbor/marine transport area. Viewers from the
various shoreline areas identified in section 3 will see the occasional pres-
ence (between one and 10 times daily during dredging operations) of a tug and
barge moving into the inner bay area, spending about 5 to 10 minutes for
disposal, and leaving the area. The tug and barge will be most noticeable
from the Seattle waterfront, from high-rise office buildings, and from the
West Seattle shoreline and bluff residential areas. The operations will not
be particularly noticeable from the remaining view areas identified in chapter
3, such as from Magnolia Bluff residences. Viewers closest to the operation
may occasionally observe a localized turbidity plume in the vicinity of the
barge immediately following disposal. This plume will be short term and may
be masked at times by Duwamish River runoff during high flow periods. Some
viewers may perceive the tug and barge activity in a positive sense, in that
it is an integral part of normal marine activities in Elliott Bay and does not
detract from the overall view experience.

(9) Historic Impacts. As part of the disposal site identification
mapping studies, a literature search was undertaken to establish if any
historically significant shipwrecks were located within the Elliott Bay
selected or alternative disposal sites. None were identified (DSSTA).
However, in March 1988, additional literature review and sidescan sonar
studies were made of the selected disposal site and shipwrecks were found
there. Further studies are underway to mitigate for potential adverse impacts
in close coordination with the State of Washington Office of Archaeology and
Historic Preservation (see FEIS exhibits C and D).

d. Cumulative Impacts. In Elliott Bay, utilization of the selected dis-
posal site would ultimately result in an overall reduction of cumulative
impacts to deepwater benthic resources. Disposal would no longer occur in the
deeper, higher energy "transition zone" environment of the DNR Fourmile Rock
site so that overall dispersion and consequent exposure of organisms to
dredged material chemicals will be reduced. Establishment of a climax benthic
community at Fourmile Rock may take longer than for the existing Port Gardner
DNR site due to a higher concentration of chemicals; however, the site is
presently utilized by shrimp and bottom fish, and there is no reason to
believe that full benthic community establishment would be significantly
delayed. The existing sediment at the selected site would be gradually
covered by dredged materials, considered to have, on balance, lower chemical
levels than the existing sediments in inner Elliott Bay. Shrimp populations
would in general, experience a less chemically impacted habitat. Overall,
disposal at the selected low erosional site may, in concert with the expected
improvement at the DNR Fourmile Rock site, result in a cumulative improvement
of deepwater benthic habitat in Elliott Bay.
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e. Relationship to Existing Plans, Policies, and Controls.

(i) Clean Water Act, Sections 404/401. Procedures uped in identifying

the selected Elliott Bay disposal site and site management condition are con-
sistent with the 404(b)(1) Guidelines for Specification of Discharge Sites for

Dredged or Fill Material (40 CFR Part 230). Federal advance identification of
the selected site as suitable for disposal of dredged material pursuant to
part 230.80 of the Guidelines is addressed in exhibit B. The selected site
and site management condition are also consistent with Ecology guidelines for
State water quality certification pursuant to Section 401 of the CWA.

(2) Coastal Zone Management. The Coastal Zone Management Act (CZMA)

(Public Law 91-583: 86 Stat. 1280) was passed by the United States Congress in
1972. In JuLe 1976, the State of Washington Coastal Zone hanagement Program
(CZMP) was approved to receive funding allowing the CZMA to be implemented via
the State Shoreline Managment Act (SMA) of 1971. As passed by the State
legislature, the SMA provides "for the management of Washington's shorelines
by planning and fostering all reasonable and appropriate uses." The SMA is

implemented through detailed planning efforts that culminated in the Shoreline
Master Programs (SMP) for the large municipalities and counties of the State.
The selected alternative is consistent with the SMA and the current State
CZHP, satisfying consistency with State and Federal coastal zone uanagelaent

requirements.

(3) y of Seattle Master Program. The selected disposal site i-
located within the jurisdiction of the city of Seattle, which adopted its
shoreline master program in 1986. The site lies within the shoreline environ-
ment classified as conservancy navigation. Designation of unconfined, open-
water disposal is a principal and accessory conditional use in this classifi-
cation. Dredged material disposal at currently designated and permitted sites
is a principal use permitted outright.

(4) Department of Natural Resources (DNR) Policy on Open-Water
Disposal of Dredged Material into Puget Sound. Sites throughout the Puget

Sound area have been designated by DNR for open-water disposal. If the
dredged material canot be beneficially utilized (e.g., creation of artificial
i.lands, landfill), aad it is approved by all of the various regulatory
agenLies for open-water disposal, it can be deposited in one oi the ENR
sites. ees and leases from DNR and permits from other agencies are all
required before aisposal of dredged mater'al can occur. The selected Elliott
Bay site will be an approved DNR open-water disposal site once the local
shoreline permit has been granted by the city of Seattle.

(5) Executive Order 11990, Protection of Wetlands. The intent of
Executive Order 11990 is to protect wetlands because of the significant cumu-

lative losses that have occurred, and due to their high value to biological
productivity and their many other critical functions. As the selected Elliott

Bay site lies in water over 200 feet deep, no wetlands would be directly
affected. Dredging projects which could affect wetlands would be evaluated on
a project by project basis at the time the project is reviewed for permits
under Section 404 of the (A;A.
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(6) Executive Order 11988, Flood Plain Management. The intent of
Executive Order 11988 is to provide guidance and regulation for projects
located in, and affecting, the flood plain. Executive Order 11988 requires,
to the extent possible, avoidance of long- and short-term adverse impacts
associated with occupancy and modification of flood plains.

As the selected open-water disposal site lies in water over 200 feet deep, no
direct flood plain impacts would be involved by use of this site. Dredging
projects which could affect the flood plain would be evaluated on a project by
project basis at the time the projects are reviewed for permits under Section
404 of the CWA.

(7) Puget Sound Water Quality Comprehensive Plan. The Puget Sound
Water Quality Comprehensive Plan was adopted 17 December 1986. The contami-
nated sediment and dredging program of the plan contains a sediment program
goal "to reduce and ultimately eliminate adverse effects on biological
resources and humans from sediment contamination throughout the Sound by
reducing or eliminating discharges of toxic contaminants and by capping,
treating, or removing contaminated sediments." The plan also adopts the fol-
lowing policies which shall be followed by all State and local agencies in
actions affecting sediment quality, including rulemaking, setting priorities
for funding and actions, and developing permit programs:

"All government actions will lead toward eliminating the
presence of sediments in the Puget Sound basin that cause
observable adverse effects to biological resources or pose a
serious health risk to humans."

U I"Programs for management of dredging and disposal of sedi-
ments should result in a net reduction in the exposure of
organisms to adverse effects. (The intent of this policy is
that dredging and disposal contribute to the cleanup of the
Sound by allowing unconfined, open-water sites to have only
low levels of contamination and to dispose of more contami-
nated sediments in a manner that prevents continued exposure
of organisms to adverse effects. For proposals where dredg-
ing will expose contaminated sediments, project-specific
mitigation measures may be required."

"Remedial programs (which may include capping inplace) shall
be undertaken when feasible to reduce, with the intent of
eliminating, the exposure of aquatic organisms to sediments
having adverse effects."

The selected site is located to minimize the exposure of aquatic animals to
dredged material placed at the unconfined site. The site is relatively non-
dispersive and situated away from high abundances of important aquatic species
and from human use areas of the sound. Although the species potentially
exposed to the dredged material at the disposal site is different from those
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present at the dredging site, the net effect of the dredging and disposal
action could be to reduce overall exposure potential by moving the material
from shallow estuarine areas to deeper marine waters.

Per the definition of the selected site management condition, the material to
be discharged at the unconfined, open-water sites is not expected to pose a
serious risk to human health. Though the selected condition could poten-
tially result in some "observable adverse effect" in the form of sublethal
effects to any organisms that remain within the disposal site dilution zone
for an extended period of time, the discharge of substantially better (or
"cleaner") material on the sites would likely result in an aggregate condition
comparable to the stated plan policy.

The dredger does not typically control the original discnarge of chemicals of
concern into the aquatic environment. Nevertheless, the PSDDA study has high-
lighted the importance of the PSWQA goal relative to "reducing or eliminating
discharges of toxic contaminants" into the Sound. As this goal would be
achieved through improved source control, material dredged from the Sound's
waterways should improve in quality, as should the condition at the disposal
sites. Consequently, source control must remain a high priority for
protection of the Sound.

For the reasons described above, the PSDDA selected alternative for Elliott
Bay is considered to be consistent with the 1987 Puget Sound Water Quality
Comprehensive Plan.

(8) American Indian Religious Freedom Act. The American Indian
Religious Freedom Act of 1978 (AIRFA) requires Federal agencies to ensure that
none of their actions interfere with the inherent right of individual Native
Americans (including American Indians, Eskimos, Aleuts, and Native Hawaiians)
to believe, express, and exercise their traditional religions. These rights
include access to religious sites, use and possession of sacred objects, and
the freedom to worship through traditional ceremonials a-id rites. The AIRFA
requires coordination between Federal agencies and Native Americans to ensure
that federally supported projects or projects on Federal land do not infringe
on the religious practices of Native Americans.

Coordination between PSDDA agencies and potentially affected tribes has
occurred throughout the study, and is an ongoing process.

4.09 Alternative LB2-Il: Llliott Bay_ Site 2 With Site Condition Ii. Nan of
the potential environmental effects of disposal of dredged material at the
alternate site in Elliott Bay (site 2) are similar to those of the selected
alternative (site 1). This is a direct result of the site identification
process: both sites are located in relatively nondispersive environoents and
are positioned to minimize disturbance to key bottom resources. Differences
in their physical, biological and human tnvironmients, and consequent differ-
ences in environmental effects that would result by their use as dredged
material disposal sites, are described below.
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a. Impacts and Their Significance to the Physical Environment. Environ-
mental consequences from disposal of acceptable (per Condition II) dredged
material at the Elliott Bay site 2 would be the same as those described for
site 1 above for air quality and land. Data from both the depositional analy-
sis and current meter studies (DSITA, 1987) suggest that site 2 is less depo-
sitional than site 1. Currents in the vicinity of site 2 peaked at 37.5
cm/sec (1 percent peak), in excess of the 25 cm/sec site identification guide-
line, suggesting that material deposited at this site could occasionally be
resuspended and transported offsite. This potential transport route could
adversely effect sediment composition off site.

Water quality at site 2 is substantially better (State Water Quality Class
"AA" - extraordinary) than that found at site 1 (Class "A- - very good). As a
result, local adverse effects to water quality that would occur within
approved mixing zones during disposal operations, even though they would be
the same as discussed for site 1, they would be more noticeable, and perhaps
more significant, at site 2. However, these effects are still not considered
significant due to their short-term persistence ai d the nature of the material
that would be discharged.

b. Impacts and Their Significance to the Biological Environment. Envi-
ronmental effects resulting from the disposal of acceptable (per Condition II)
dredged material at site 2 in Elliott Bay would be similar to those described
for site 1 above for flora, benthic invertebrates, crabs, anadromous fish,
birds, marine mammals and threatened and endangered species. Although some
differences in impact are expected between the two sites, the differences are
not expected to result in significant differences in impacts to resources.

U Use of site 2 in Elliott Bay would result in a lesser loss of shrimp from the
disposal site when compared to site 1, as shrimp were measurably less abundant
at site 2 (DSS TA, 1987). Differences between the sites, which varied by
season, were most prominent during September, when the preferred site con-
tained many more shrimp (322-885/ha) than site 2 (44-80/ha). In June, site 2
contained more shrimp (175/ha) than the preferred site (81/ha). However, dur-
ing the primary dredging period in Elliott Bay (February-March), the preferred
site had an average count of 300 shrimp per hectare, coupared to 44 per
hectare for site 2.

Use of site 2 for dredged material disposal would result in burial or displace-
ment of those shrimp found in the site during disposal operations. Surviving
or returning individuals could experience sublethal adverse effects due to
chemical concentrations present in the material on site, as long as they are
not buried or displaced by further disposal activity. To the extent that the
surrounding environment is at carrying capacity for these species, the dis-
placed shrimp may experience reduced survival on a population basis. The
abundance of shrimp found on site 2 is considered to be low when compared to
numbers found in shallower waters or in harvested areas of the Sound. As a
result, adverse effects to shrimp for this alternative are not considered to
be significant.
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Bottom fish at site 2 are slightly less abundant than those found at site 1.
Essentially absent ftzm the sites during the February time, bottomfish at
site 2 were measurably fewer during June (15/ha) relative to site 1 (53/ha).
A similar pattern was observed in September. Given their relative absence
from the site, and their overall low numbers at the site relative to site I
and to shallower waters, the impacts to these species resulting from the
disposal of suitable dredged material at site 2 are not considered significant.

c. lmpacts and Their Significance to the Human Environment. Use of the
Elliott Bay site 2 with acceptable (per Condition I) material would result in
the same impacts as those described for site 1 for social economic values,
transportation, and human health. Consequences to these resources would be
the same for both sites. In addition, though dredging and disposal activity
would experience some additional time (and possibly costs) to transport the
dredged material to site 2 when compared to site 1, these impacts would not be
measurably significant.

Native American fishery activity at site 2 is less concentrated than it is
around site 1. However, coordination between tribal fisheries and disposal
operations is expected to avoid conflicts, as outlined in section 2. bio-
logical impacts to salmonids would be similar to those presented for the
preferred alternative.

The presence of a residential area on the beach and cliffs near site 2 pre-

sents a potential for adverse effects to occur relative to increased noise and
reduced esthetic quality of the area. These effects are associated with tug
noise during disposal operations, related disruption of the visual esthetics
of the area as seen from shore, and the potential presence of a visible tur-
bidity plume within the mixing zone. The degree of these effects would be
essentially the same as experienced in the area during use of Lthe existing
disposal site at Fourmile Rock. Noise controls that prohibit night-time dis-
posal would also continue to ameliorate the impacts of site use. While the
effects would be more measurable and noticeable than at site 1, given the
intermittent use of the site, the presence of numerous other navigation-
related activities in the area, and the short-term persistence of disposal
operations, adverse effects to noise and esthetic qualities are not expected
to be significant for this alternative.

4.10 Alternative EbI-I: Elliott bay Site 1 ith Site Condition I. Analysis

of the environmental consequences of the Site Condition I alternative for
Elliott bay is provided itere in comparison to the effects of the preferred

alternative (Site Condition II). In general, the adverse effects of these two
alternatives are very siwilar in type, differing primarily in degree of effect
in the various disposal environments. Somewhat less material would be suit-
able for unconfined, open-water disposal for Site Condition I than for the

preferred alternative. This would result in fewer or decreased adverse
effects in the aquatic environment, and additional or increased adverse

effects in the land and shore environments.
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While this alternative would result in less material placed at the unconfined,
open-water site, the spread of the material would cover a comparable bottom
area at the site though the depth of cover would be less. Consequently, dif-
ferences between Site Condition I and Site Condition II in physical impacts to
site species would not be significant. The major differences between Site
Condition I and Site Condition Ii result from either the different degree of
chemical concentration placed at the various site types and/or from the dif-
ferent distribution of dredged material among the disposal options (unconfined
versus confined).

In Elliott Bay, application of Site Condition I would result in a slightly
lower volume (3,113,000 c.y.) of material being found acceptable for uncon-
fined, open-water disposal in the next 15 years than for Site Condition II
(3,374,000 c.y.).

The following subsections describe the differences in environmental conse-
quences that would result from the application of Site Condition I compared to
those incurred by use of Site Condition II.

a. Impacts and Their Significance to the Physical Environment. Site
Condition I would snlift the primary water quality effects to nearshore, ground
water, and freshwater areas, with fewer effects at the aquatic site compared
to Site Condition II. A greater potential for chemical impact6 to ground
water and surface water is possible under this alternative compared to the
preferred alternative, especially if design features are not used, or fail.
As with Site Condition II, the effects at the unconfined site are intermittent
and short-term, and are not considered significant.

Compared to Site Condition Il, Site Condition I would result in minimally

different physical effects and modifications of marine sediments at the uncon-
fined site due to the similar spread and distribution of the dredged mate-
rial. However, due to lower chemical concentrations in 17he dredged material,
Site Condition I would result in a potential for fewer adverse effects within
the unconfined site than Site Condition II. On balance, the potential for
technological control (more material would be placed in upland and nearshore
sites where control technology can be more easily applied) provides the oppor-
tunity for Site Condition I to result in overall fewer adverse effects to
sediment quality than with Site Condition II.

Fewer barges utilizing the unconfined site means that fewer potential adverse
effects to air quality would result at the site. However, the transport of
the material via more trucks would mean a shift of air quality impacts to the
land/shore environments, in closer proximity to human use. Overall, the
adverse effects of Site Condition I to air quality are considered more sub-
stantive than those of Site Condition II. Though they would vary by the site
being used, they are not likely to be significant.

For the dredged material that is not acceptable for uticonfined, open-water
disposal under the Site Condition I option, an estimated 274 acres of land
(see table 4.3) could be impacted due to use of land and sbore habitats in the
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Elliott Bay area. When the total estimated water and land/shore acreages are

combined for each alternative, Site Condition I would result in more (415
water plus 274 land equals 689 acres) commituent of land Lhan Site Condition

II (681 total acres). The overall significance of Site Condition I effects to
land compared to Site Condition II would depend on the relative value ascribed

to the aquatic and land/shore acreages.

b. Impacts and Their Significance to the Biological Environment. Site

Condition I would result in fewer effects to aquatic flora at the unconfined
site, because a smaller volunme of material would be discharged at the site and

that would have less potential for chemical effects. On land and nearshore
environments, however, an increase in impacts to plants is possible. This is

due to both an increase in acreage needed for disposal (loss of natural
habitat) and placement of a greater volume of sediment with chemicals of

concern in these environments. Overall, Site Condition I would result greater
adverse effects to flora than for Site Condition II, because of the added

impact to plants under Site Condition I.

For invertebrates, the adverse physical effects of Site Condition I would be

similar at the unconfined, open-water site as those of Site Condition II,
though added physical losses of intertidal and subtidal shoreline habitat
would occur.

Site Condition I results in fewer adverse effects to invertebrates than Site

Condition II, as chemicals of concern would be substantially placed elsewhere.

Aquatic marine fauna at the disposal site would be at less risk with Site

Condition I than with Site Condition II. However, increased potential loss of
shoreline habitat could significantly effect salmonids. The overall signifi-
cance of using to Site Condition I, compared to Site Condition II, depends on
the relative value ascribed to these habitats and species.

As with the case for Site Condition II, minimal impacts to waterfowl are

expected from the disposal of dredged material suitable for Condition I at the
open-water disposal site. Because of the potential loss of additional impor-
tant habitaL on land under this alternative, there is a greater probability
for adverse impacts to birds than with Site Condition II. The same situation
ex.ists for threatened and endangered species. Thoughl the species at risk

would differ in the water and land areas, direct loss of land habitat repre-
senLs a greater risk to these protected di1imals than do the disturbances at
the open water site.

c. iupacts and Their Significance to ttle Human Environuent. Compared to
Site Condition II, social economic impacts of Site Condition I would be pri-
marily associated with greater land use issues and greater cost to navigation

and marine-related industries. These would be associated with somewhat lesser
risks to tne aquatic site and greater risks to land and shore environments.
in addition, truck transport of dredged material has the potential of

adversely affecting traffic in and around land/shore disPoSdl sites. Again,
the overall significance of these tradeoffs depends on socially ascribed
values to the impacted resources.
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In Elliott Bay, the estimated volume of dredged material that would meet
Condition I over the next 15 years is 3,113,000 c.y. (or 3 percent of the
10,525,000 c.y. forecasted for Elliott Bay). Compared with activity expected
if Site Condition II were adopted, the overall impact of Site Condition I on
dredging activity could be to delay the initiation of new projects and extend
the ongoing navigation maintenance cycles. The primary reason for the delays
would be the increase in project costs associated with having to place dredged
material exceeding the Site Conaition I at other disposal locations. Addi-
tional delays would result during identification, designation, acquisition,
and development of upland and nearshore disposal sites. Without considering
the expenses associated with project delays, the added cost of Site Condition I
in Elliott Bay would be almost $4 million (Condition I: tl65,405,000;
Condition II: $161,556,000).

Under this alternative, there would be less barge traffic at the open water
site, with fewer potential fishery conflicts and need to coordinate dredginp
activities. However, increased use of shoreline and land disposal sites could
result in overall greater potential adverse effects to resources and areas of
importance to tribal fisheries. In addition, barge traffic would persist to
some nearshore sites. Given the low degree of potential conflict that would
exist with the unconfined, open-water site with any alternative, the increased
effects on land and shore areas suggest that Site Condition I would result in
more significant adverse effects to Native American concerns than would Site
Condition II.

No difference in effects to hiuman health would result from seafood consump-
tion. Given the conservative approach applied in defining the site management
conditions, Site Condition 1 should result in less risk to human health via
seafood consumption than Site Condition II due to overall less volume and
lower chemical concentrations that would go the unconfined, open-water sites.
For both alternative Conditions I and II, the adverse effects to human health
are not expected to be significant.

Site Condition I would increase tae potential for adverse effects to human
health in the land and shore environments. Increased risk of drinking water
cuemical impacts would result at upland sites. Dust and direct exposure tu
the dredged material also represent concerns at land and shore sites. By
proper technology control, it is possible to limit the priwary exposure to
individuals that must work on or around sites during dredged material dis-
charge and site completion or modification. Though the actual risks and
effects would be site specific, on balance, Site Condition I has the potential
for greater adverse effects to human health than does Site Condition I.

Noise impacts at the open-water site would be fewer with Site Condition I, but
there would be measurably more noise effects at land and shore sites. Over-
all, the adverse effects to noise resulting from Site Condition I are
considered more significant than those of Site Condition II.

d. Cumulative Effects. The location of the disposal site In Elliott Bay
significantly contributes to the avoidance of direct and indirect adverse
effects to important human and environmental resources. The potential for

4-85

.... -- -- -- ,- ii I l l il l i lI



reduced chemical releases into Puget Sound waters during disposal operations
would result with Site Condition I relative to Site Condition II would not
offset the increased loss of land and nearshore habitat that would also occur.
Though the consequences to land are site specific, given past disturbances of
shoreline environments, the potential exists for significant cumulative effects
to occur with nearshore disposal sites. Consequently, Site Condition I has
the potential for greater cumulative effects to the environment than Site
Condition II.

4.11 Alternative EBI-III: Elliott Bay Site I with Site Condition III.
Analysis of the environmental consequences of-the S iteTqon-tTon IIrIalterna-
tive for Elliott Bay is provided here in comparison to the effects of the pre-
ferred alternative (Site Condition II). In general, the adverse effects of
these two alternatives are very similar in type, differing primarily in degree
of effect in the various disposal environments. With Site Condition III,
almost all dredged material would be acceptable for unconfined, open-water
disposal than for the preferred alternative. Of the 10,525,000 c.y. of mate-
rial forecasted for dredging, 6,162,000 c.y. is estimated to be found suitable
per Site Condition III. This would result in greater adverse effects to the
aquatic environment, and a decrease in adverse effects to the land and shore
environments.

Though this alternative would result in uiore material placed at the incon-
fined, open-water site, the spread of the material would cover a comparable
bottom area at the site. Consequently, differences in physical impacts to
site species for Site Condition II and Site Condition III woule not be
significant. The major differences between Site Condition 111 and Site
Condition II would result from the different levels of biological effects
permitted due to chemicals in the dredged material.

In Elliott Bay, application of Site Condition III would result in more volume
(6,162,000 c.y.) of material suitable for the unconfined, open-water disposal
sites in the next 15 years than for Site Condition II (3,374,000 c.y.). The
following subsections describe the differences in environmental consequences
that would result from the application of Site Condition III compared to those
incurred by use of Site Condition II.

a. lipacts and Their Significance to the Physical Environment. Compared
to Site Condition II, Site Condition III would shift the primary water quality
effects from nearshore, ground water and freshwater areas, to the aquatic
site. Water quality at the open water disposal site could experience overall
greater adverse effects witn the Site Condition Ill alternative. Potentiilly
significant contributions to the sea surface nicrolayer and nepheloid layer
are more possible with Site Condition Il1. As with Site Condition II, how-
ever, the impacts to water quality at the unconfined site are expected to be
interuittent and short-term, and are aot consldercd significant.

Compared to Site Condition II, Site Condition III would result in similar
priysical effects and modificationis (I marine sediments at the unconlined site
due to the volume and grain size distribution of the material. Tnis would
result in a similar spread and distribution of the dredged matgrial. However,
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due to higher chemical concentrations present in the dredged material, Site
Condition iIl could result in greater adverse effects at the unconfined site
than Site Condition II. Sediment quality could be significantly altered by
use of Site Condition Il, which may possibly lead to unacceptable adverse
effects on biological resources. On balance, the lack of technological con-
trol associated with open-water disposal (relative to upland and nearshore
disposal) provides the opportunity for Site Condition III to result in overall
greater adverse effects to the environment than with Site Condition II.

More barges would utilize the unconfined site, however, the increase in barge
traffic would not result in any change in impact to air quality at the open-
water site. The reduction in transport of the material via more trucks would
mean a shift of adverse effects to air quality from the land/shore environ-
ments to the water environment. Overall, the adverse effects of Site
Condition III to air quality are considered less substantive to human health
than those of Site Condition II. Though air quality would vary based on
site-specific characteristics, they are not likely to be significant in most
cases.

For dredged material that is not acceptable for unconfined, open-water dis-
posal under the Site Condition III option, an estimated 162 acres of land and
shore habitats (see table 4.3) could be impacted in the Elliott Bay area.
When the total estimated water and land/shore acreages are combined for each
alternative, Site Condition III would result in much less land (677 acres)
committed than Site Condition II (681 total acres). The overall significance
of Site Condition III effects to land compared to Site Condition II would
depend on the relative value ascribed to the aquatic and land/shore acreages.

b. Impacts and Their Significance to the Bioloacal Environjent. Site
Condition III would result in more adverse effects to aquatic flora at the
unconfined site, but potentially less adverse effects to plants and
terrestrial animals in land and shore areas than with Condition III.

For invertebrates, the adverse physical effects of Site Condition ill would be
greater at the unconfined, open-water site as those of Condition II. A
greater number of species would be expected to exhibit acute and chronic
effects with Condition III than with Condition II. Crab and shrimp popula-
tions found in the area may also be significantly impacted by disposal using
Site Condition III relative to Site Condition II because of the greater con-
centration of chemicals and potential for increased risk to tfe nepheloid
layer.

For birds, terrestrial wildlife, and threatened and endangered species, there
would be an overall reduction in impact associated with Site Condition III
compared to Site Condition I. For aquatic species listed as threatened or
endangered, risks would be higher; however, the area around the open-water
site is not utilized by these species.

c. Impacts and Their Significance to the Human Environment. Compared to
Site Condition II, Site Condition IIIwould reduc-etnumberof land use
issues, as open-water disposal would be a primary method for Jisposal of
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dredged material. Land issues that remain, however, could be significant
because dredged material that does not meet Site Condition III requirements
would have to be placed at a confined site.

In Elliott Bay, the estimated volume of dredged material that would meet Site
Condition III over the next 15 years is 6,162,000 c.y. Compared with activity
expected if Site Condition II were adopted, no overall Impact of Site Condi-
tion III on dredging activity would be expected. The cost of Site Condition
III in Elliott Bay is estimated at $116,578,000 compared to $161,556,000 for
Site Condition II.

With Site Condition Ill activity, there would be more barge traffic at the
open-water site, with a greater potential for fishery conflicts and need to
coordinate dredging activities. The decreased use of shoreline and land dis-
posal sites could result in lowering the adverse effects to resources and
areas of importance to tribal fisheries. In addition, barge traffic would
persist to some nearshore sites, as well as to confined aquatic disposal
sites. Given the low degree of potential conflict that would exist with the
unconfined, open-water site with any alternative, the increased effects on
land and shore areas suggest that Site Condition III would result in more sig-
nificant adverse effects to Native American concerns than would Site
Condition II.

There would be no different effects to human health resulting from the seafood
consumption route via Site Condition III. However, given scientific uncer-
tainties in the chemical effects though conservative, it can still be said
that Condition III would result in greater risk to human health via seafood
consumption than Condition II due to overall greater volume and higher chemi-
cal concentrations that would go to the unconfined, open-water sites. For
both alternatives, the adverse effects to human health are not expected to be
significant.

Site Condition III would significantly decrease the potential for adverse
effects to human health in the land and shore environments. Overall risks to
drinking water would decrease as a result of less use of upland sites. How-
ever, the material that does require confined disposal would have high levels
of chemicals and could result in an increase in site-specific impacts in
ground water and freshwater quality. Though the actual risks and effects will
be site specific, on balance, Site Condition III has the potential for lowcr
adverse effects to human health than does Site Condition II.

Noise impacts at tihe open-water site would be about the sane as wIth Site
Condition II, but there will be measurably less noise effects at land and
shore sites. Overall, tne adverse effects to noise resulting from Site
Condition III are considered to be less significant than those of Site
Condition II.

d. Cuuulative Effects. The location of the disposal site in Elliott Bay
significantly contributes to the avoidance of direct and indirect adverse
effects to important human and environmental resources. The increase in chem-
ical loading to the Sound that would result with Site Condition III relative
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to Site Condition II could have a greater cumulative effect on marine
ecosystems, though this is not possible to quantify.

4.12 Selection of the Elliott Bay Alternative. Of the alternatives
considered for the Elliott Bay area, including the No Action alternative, the
selected alternative is alternative EBI-II: unconfined, open-water disposal
site 1 and Site Condition II material. Several factors, discussed below, are
significant in the preference for this alternative.

Both sites considered for Elliott Bay meet two key site identification fac-
tors: (1) the site should be located in relatively nondispersive environments
and (2) are positioned to minimize disturbance to key biological resources.
Site I was found to have an overall lower potential for impact to biological
resources and the human enlvironment than would site 2.

The most important difference between site 1 and site 2 concerning their
acceptability as unconfined, opec:-water disposal sites is the fact that site 2
is in a more dispersive environment than is site 1. Peak currents at site 2
are at a high enough velocity to suggest that some deposited dredged material
would be resuspended. Resuspension of dredged material could contribute to
the nepheloid layer, transport off the site, and result in potential impacts
to biological resources offsite, beyond the disposal site.

On the whole, site 2 has a lower biological resource value than does site 1.
Site 2 contains low concentrations of shrimp, while Site 1 contains commer-
cially harvestable levels. Site 2 also contains lower numbers of bottom fish
than does site I. However, the potential for transport of dredged material
offsite and for impact to resources offsite wake site 2 the less environ-
mentally desireable choice.

Site 1 is closer to Native American fishery activity; however, site 2 is
closer to residential areas and beaches. In addition, part of the site 2
boundary overlaps with the current disposal site at Fourmile Rock. Use of
site 2 could complicate monitoring efforts of the PSDDA site (because of past
use of the Fourmile Rock site.

The selected site in Elliott Bay (site 1) would result in somewhat greater
adverse effects on shrimp than site 2 due to displacement of observed shrimp
and associated sublethal effects to the remaining or returninL individuals.
On the other hand, the location of site 1 was chosen to ensure that dredged
material placed onsite would remain onsite and no unacceptable adverse impacts
would occur. The selected site is relatively more depositional per existing
information than the alternate site (site 2). In addition, public input
received during the study and at the final public meetings (February 198)
clearly favored t~Le selected site. Avoiding residential shoreline areas, with
associated noise and esthetic impacts, favors site 1 over 2. In terms of
using dredged material to cover existing areas having elevated levels of
chemicals, site 1 is also preferred. Material placed at site 1 would be
covered more rapidly 1-y natural sedimentation than at site 2, and therefore
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return more rapidly to a natural state when the site was no longer used. On
balance, the advantages of site 1 substantially outweigh the disadvantages
relative to site 2.

The selection of the biological effects condition for site management is based
* on consideration of the overall environmental effects of the dredged material

disposal program (including both aquatic and land/shore effects). In order to
ensure consistency throughout the region, these assessments were made for the
entire Phase I (central Puget Sound) area.

Dredged material discharged at the unconfined, open-water site must be accept-
able for maintaining the chosen site management condition. Under Site Condi-
tion II, dredged material deposited at Elliott Bay site 1 would not have an
unacceptable adverse effect on biological resources at or around the disposal
site or to human health. Impacts that do occur to aquatic species would be
confined to the disposal site (no unacceptable effects offsite) and would not
exceed sublethal chemical effects to the few remaining and more sensitive
species on site (i.e., significant acute toxicity would not be present on
site). A monitoring plan developed for the PSDDA disposal sites will be used
to ensure that effects at the disposal site do not exceed Site Condition II
limits and that unacceptable offsite impacts are not occurring. If monitoring
indicates that impacts are exceeding predictions, appropriate site management
response would be taken.

Site Condition I would reduce adverse effects to the aquatic environment rela-
tive to Site Condition II, but would relatively increase adverse effects to
land and shore environments. Site Condition III, on the other hand, would
result in much greater adverse effects to the aquatic environment then would
either Site Condition I or Site Condition II with almost no impacts to land
and shore environments.

Costs for testing, dredging, disposal, and monitoring of the volume of sedi-
ment that is forecasted to require removal over the next 15 years in the
Elliott Bay area under Site Condition I would be approximately $165.4 million,
Nearly $4 million more than the costs of disposal under Site Condition II
($161.6 million). Dredged material disposal under Site Condition III would
cost about $118.6 million, about $43 million less than Condition II.

The selected alternative is consistent with Section 404 of the CWA which
governs the discharge of dredged material in nearshore waters of the United
States. Under section 404(b)(1) no "unacceptable adverse effects" can result
from the discharge of dredged material in open-water sites. Research and
analysis of data used to define the alternative site conditions indicate that
disposal under Site Condition II material would not result in unacceptable
adverse effects on aquatic resources. The selected site management condition
would, furthermore, not allow significant acute toxicity onsite, thus meeting
State water quality standards and the condition frequently used in the
implementation of Section 404 nationwide.
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In considering the overall effects (total impact of dredged material disposal)
to land and water, the use of Site Condition II is considered the environmen-
tally preferred approach and was therefore chosen. Additionally, alternative
EBI-I1, site 1 and Site Condition Ii, most closely meets the stated PSDDA goal
to provide for publicly acceptable guidelines governing environmentally safe
unconfined, open-water disposal of dredged material in Puget Sound.

64
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ENVIRONMENTAL EFFECTS OF THE
ALIERNATIVES COi14SIDERED i'OR PORT GARDNER
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4.13 Alternative PGI-2: Port Gardner Site I with Site Condition II -

Selected Alternative. The final EIS alternatives evaluated for the Port
Gardner area are shown in table 4.11.

a. Impacts and Their Significance to the Physical Environment.

(1) Water Quality.

(a) Marine Water. Disposal activities at the selected site are
not expected to significantly affect water quality conditions (i.e., currently
Class A waters) in Port Gardner, except in the immediate vicinity of the
disposal site.

Some short-term water quality impacts are anticipated within the disposal site
dilution zone following disposal of suitable dredged material from bottom
dumped barges due to elevated levels of suspended solids within the dredged
material plume. Water quality monitoring of an experimental disposal site in
Elliott Bay during and after disposal operations for a period of 9 months
showed no significant long term impacts to water quality (Baumgartner et al.,
1978; Schell et al., 1978; Pavlou et al., 1978). Transient impacts observed
were some elevated levels of PCB (i.e., increases from 3 ng/l to as high as
3 ug/l), d-Mn, and NH3-N, which were all associated with increased suspended
solids levels and were short term (generally minutes) in duration. No impor-
tant chemical changes in the water column were documented during disposal
activities at the Columbia River ADFI site located off the mouth of the
Columbia River, or at other sites throughout the country during the DMRP
(Dredged Material Research Program) (Wright, 1978).

TABLE 4.11

FINAL EIS ALTERNATIVES EVALUATED FOR PORT GARDNER

Addressed in
EIS Alternative Description EIS Section

PGI-II Port Gardner Site 1 and Site
Condition II (selected alternative) 4.13

PG2-11 Port Gardner Site 2 and Site
Condition II 4.14

PG3-II Port Gardner Site 3 and Site
Condition II 4.15

PGl-I Port Gardner Site 1 and Site
Condition I 4.16

PGl-III Port Gardner Site 1
and Site Condition III 4.17

Selection of Port Gardner alternative 4.18
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Through a suggested source of chemical contribution to the sea surface micro-
layer, dredged material chemical input to the microlayer has not been verified
or quantified, but is not considered significant relative to other probable
sources from permitted discharges (i.e., sewage effluent) (Word and
Ebbesmeyer, 1985; Word et al., 1986; Hardy and Cowan, 1986). Contributions to
the sea surface microlayer will continue to occur from a variety of sources,
including airborne sources (dry particulate fallout, precipitation, gases, and
depositional materials), land sources (including shoreline erosion, river run-
off, discharge of sewage and industrial effluents, and spills from vessels and
land based facilities), and nearshore sediments (through upwelling, bubbles,
or biochemical transformations). Observations of shoreline contamination in
Puget Sound strongly implicate sewage discharges and street runoff as primary
causative agents (Word and Ebbesmeyer, 1984). A review of the literature on
sea surface microlayer composition, sources, and impacts on phytoplankton and
phytoneuston is presented in a PSDDA report prepared by Word, et al. (1986).
To ensure that the dredged material operation does not result in the release
of unacceptable concentrations of chemicals into the water column, the PSDDA
evaluation procedures call for water column testing, if warranted, on a
case-by-base basis.

In addition to the above impacts, suspended dredged material may become incor-
porated in the nepheloid layer that is found near the sediment/water inter-
face. A quantitative estimate of the amount of disposed material that might
become associated with the nepheloid layer is not possible, however, the level
of contribution is not expected to be significant. Indirect evidence of
dredged material contribution to the nepheloid layer was seen in research
conducted during the Field Verification Program (FVP) in Long Island Sound.
Benthic species near the disposal site exhibited increased levels of certain
chemicals during disposal activities. Following disposal, however, tissue
residue values dropped to background levels in organisms collected near the
disposal site (FVP study, 1987). The PSDDA monitoring plan for the unconfined,
open-water sites calls for collection of tissue residue data for benthic
species collected off the disposal site to further evaluate any potential
impacts to the nepheloid layer.

In conclusion, only transient and temporary changes in suspended solids levels
and increased levels of sediment-bound chemicals are expected during disposal
activities, with no significant adverse impacts to water quality anticipated.

(b) Freshwater and Ground Water. Impacts to freshwater and
ground water quality can arise from two potential sources: (1) release of

chemicals in effluent during dewatering or from uncontrolled runoff, and
(2) release of chemicals via leachate from confined sites which could enter
ground water. Impacts from effluent or uncontrolled runoff depend on the type
of water (hard versus soft) and the existing water quality of the receiving
waters. The degree of chemical release associated with effluents can be con-
trolled through a variety of technologies Including construction of wiers and
settling ponds.
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Significant adverse impacts on ground water may result from the production of
leachate containing chemicals of concern at the disposal site. Because of the
geochemical changes that are associated with drying and oxidation, a large
fraction of sediment chemicals can be mobilized. The magnitude of the impact
of leachate production on ground water quality would depend on the chemical
composition and physical characteristics of the dredged material, the charac-
teristics of the interfacing soils, and the planned use of the underground
receiving waters. The relative potential for freshwater and ground water
chemical release under this alternative is less than the impacts that would be
predicted if Site Condition I had been chosen for the unconfined, open-water
disposal site and greater than the impact if Site Condition III material had
been chosen.

(2) Marine and Estuarine Sediments. The Port Gardner site is situ-

ated in a depth of 420 feet on a comparatively flat plain. Bottom slopes are
less than 1 foot of vertical elevation on 200 feet of horizontal distance.
Therefore, bottom slopes are not expected to influence the shape of the dis-
posal site. Tidal current and depositional analysis data indicate that the

site is subject to weak currents. Since the mean speeds near the bottom
averaged 0.25 feet per second at the center of the preferred disposal site, the
closest disposal model results (400-foot depth and a 0.1 feet per second cur-
rent; DSSTA, 1987) were used to estimate the extent of dredged material depo-
sition within the disposal site. Because bottom slope and tidal currents
should not significantly alter the disposal site configuration, the delineated
site is a 4,000-foot-diameter circle that is concentric with the 1,800-foot
diameter water surface disposal zone. If dredged material is dumped at random
within this 1,800-foot-diameter zone, at time of site capacity the disposal
mound could take the form of a truncated cone that has a base diameter of 4,000

5 feet, a hci.ht of 34 fect and a top radius of 1,000 feet. Since both ambient
current speeds and sediment deposition rates are very low in the vicinity of

the proposed site, the mound that is formed by the disposal of dredged material
would remain relatively unchanged in the forseeahle future. Assuming that an

annual average of the volume that could be discharged at the selected site
over the period 1985-20G0 / is experienced beyond the year 2000, the
estimated site capacity would be reached in year 2014.

Surface sediments at Port Gardner site 1 are primarily fine mud and clays
(DSSTA, 1987) and the site appears to be a site of net deposition. Material
expected to be disposed at the open-water site would range in grain size from

primarily silt and clays to material that is primarily sand. Although some
changes in grain size distribution at the disposal site can be expected due to
disposal of Port Gardner area dredged material, these impacts are not expected
to have a significant, adverse impact on tLae scdi!ents of the area.

Sediment chemistry analyses of samples from the area of site 1 indicate that
the sediments do not contain elevated levels of chemicals of concern (Tetra
Tech, 1986). Disposal of dredged material allowable under Site Condition II

1/See table 4.2c.
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would increase sediment chemical levels within disposal site 1. See Section
b., "Impacts and Their Significance to Biological Environment" for a dis-
cussion of the possible impacts to biological resources due to potential
increases in sediment chemicals onsite.

(3) Air Quality. No significant loading of conrern chemicals to the

existing air environment are anticipated as a result of forecasted disposal
activities at the preferred site in Port Gardner. Tugboat towing of barges to

the disposal site is expected during the normal 30 to 35 days of average
annual site usage. during this usage, on the average about 2 to J barges per
day would be discharging at the site with peak activity of 5 barges per day
(table 4.9).

Some hydrocarbon releases, incluoing hydrocarbon byproducts and particulates
from diesel fumes would be released during disposal activities at both the
open-water site and at upland and nearshore sites. Negligible concentrations
of hydrogen sulfide gas may also be released from the dredged material during
open-water disposal activities. In summary, no significdnt impacts are anti-
cipated to the air quality environment in Port Gardner as a result of disposal
activities due to the selected alternative.

(4) Land. Habitat impacts associated with dredged material that must
be placed in other disposal sites (benthic/land/shure/confined) could include
loss of wetlands, loss of fish feeding and rearing habitat, loss of land vege-
tation, and loss of natural shoreline areas (see sections 2.03 and 4.01
above). An estimate of the possible land/shore losses of habitat was devel-
oped for the Port Gardner selected alternative (table 4.3), indicating that
approximately 318 acres of benthic area would be covered by the preferred
open-water disposal site while land and shore losses would approximate 10
acres. It is not possible to further quantitatively distinguish between
upland and nearshore losses. Though development of shoreline .ireas in the
Port Gardner area have been less extensive than in the other two Phase I bays
(Commencement and Elliott bays), the steep relief of the land and the overall
high environmental value of the river delta minimize the availability of suit-
able land and nearshore disposa! sites. It Is possible that land/shore dis-
posal in this area would occur in a diked wetland area, given their relative
abundance, witn consequent environwental losses.

b. Impacts and Their Significance to Biological Environment.

(I) Flora.

(a) Marine and intertidal. Little impact to marine and
intertidal species is expected under this alternative. Impacts that would
occur to intertidal and subtidal macroalgae aad eelrass would prirarily be
due to the introduction of short-term pulses of suspended materials from
effluent outfalls that could interfere with photosynthesis by reducing light

availability. This impact would be expected to be minor and confined to the
area around the outfall and can be reduced through proper control of effluent
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discharge. Relative impacts under this alternative would be less than those
predicted if Site Condition I material had been chosen for the unconfined,
open-water disposal sites and greater than impacts if Site Condition III had
been chosen.

(b) Terrestrial. Significant adverse impacts to terrestrial

plants can result with disposal of dredged material at confined upland sites.
Site preparation requires complete destruction of the existing habitat includ-
ing removal of vegetation and possibly excavation of top soil (which can be
used to construct dikes, berms or stored for later use as a soil cap) (Canter
et al., 1977). Under this alternative, approximately 10 acres of upland and
nearshore area would be used to develop confined disposal sites. The impacts
to plant communities under this alternative are greater than those associated
with Site Condition III and less than the impacts associated with Site
Condition I.

Following disposal, land sites may still present significant adverse impacts
to plants recolonizing the area. High salt content and the presence of chemi-
cals may hinder successful germination and growth of many plant species. In
addition to slowing or preventing reestablishment of plant communities on
site, vegetation around the perimeter of the disposal area may also be acutely
impacted as a result of salt seepage (Harrison and Chisholm, 1974).

Once a disposal site is no longer in use, remedial action can be undertaken to
rehabilitate the land, although this is often difficult to accomplish
(Grosselink, 1973). Sites can be seeded with saline resistant plants or
covered with enough top soil to act as an effective barrier between establish-
ing plants and the dredged material. Additionally, dredged material can be

5 deep plowed and limed to enhance soil conditioning prior to establishment of
vegetation (CZRD, 1978).

(2) Plankton.

(a) Marine Phytoplankton. Impacts to phytoplankton would result
during disposal operations from intermittent pulses of suspended material that
could either promote and inhibit primary production. Turbid mixtures of
organic and inorganic material both interfere with photosynthesis by shielding
light and stimulate growth by raising inorganic nutrient levels above back-
ground levels. Impacts can also occur from suspended materials adhering to
the surfaces of cells, interfering with gaseous/nutrient transport across the
cell wall, possibly leading to mortalities. Also, phytoplankton in the path
of the descending dredged material mass would be removed from the euphotIc
zone and lost (flocculated). The relcase of growth inhibitory substances from
the dredged material may also occur. Concern chemicals released during dis-
posal could result in inhibition of photosynthesis by interfering with
metabolic pathways.

As disposal operations would not occur during the major portion of the spring

bloom period due to closing for fishery protection, the high phytoplankton
productivity at that time of the year would not be significantly impacted.
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Disposal would occur, however, during the fall bloom period, so that impacts
to the phytoplankton community may be somewhat more pronounced than during
other times of the year. The overall impacts on primary production would be
localized, are likely not measurable, and are not expected to Le significant.

(c) Zooplankton. Impacts to zooplankton could result from sus-
pended particles interfering physically with active feeding. In addition,
suspended particle loads would dilute the concentration of food particles in
tne water for filter feeders and, in some instances, reduce the amount of
available food (due to flocculation of phytoplankton).

Zooplankton in the immediate disposal area could become entrained by the dis-

posal material with resultant mortalities. However, most zooplankton are
spatially distributed over wide areas in the water column and any impacts at
the disposal site would not be expect to significantly affect Port Gardner
zooplankton community structure.

Any iwpacts to the Port Gardner zooplankton community would be localized and
short term. Chemicals released from the disposal operation may have measur-
able, although short term and localized impacts. Localized impacts could
include mortality, inhibition of growth and reproduction. However, the tem-
poral nature of the disposal and the small percentage of zooplankton impacted
relative to the existing bay-wide community, would render this impact
insignificant.

(3) Invertebrates.

(a) Benthic Infaunal Resources. Two types of impacts would
occur as a result of dredged materiai disposal at the selected PSDDA
open-water site: (1) physical impacts, and (2) chemical irapacts. Each is
discussed in turn with respect to probable impacts to the sedentary benthic
infaunal resources existing within the disposal site and immediately adjacent

to it.

Anticipated physical impacts to sedentary benthic infaunal resources resulting
from dredged material disposal in the selected site would include the imme-
diate, but temporary, loss of benthos due to burial and smothering by clurps
of cohesive material within the relatively small single dump bottom impact
area ("250-foot diameter footprint," see section) of the overll disposal site.
Direct physical impacts from dredged material hitting the bottom would be
greatest in tne center of the impact zone and diminishing to uegli~jble impacts
toward the edges of this zone. It is likely that some of the buried infauna
would be able to survive initial burial by vertically migrating out of
deposited material, particularly if they are covered by less than 20 cm of
material. Several benthic infaunal species have demonstrated the ability to
migrate vertically and survive burial induced by relatively thick covers
(i.e., up to 50 cm) of sediments with particle size distributions both similar

to, and different from, their preferred sediment habitat (Maurer et al., 1978).

During periods of dredging inactivity, partial recovery of benthos due to
recruitment and migration from surrounding unimpacted areas could be
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expected. Likely recruits to the disposal site may consist of polychaete

opportunists such as Capitelld capitata, Spiophanes fimbriata, and Boccardia

polybranchia (Battelle Draft Report to EPA: Detailed Chemical and Biological

Analysis of Selected Sediments From Puget Sound, 1985) as well as from resi-

dent bivalve species, such as Axinopsida sericata, and Macoma carlottensis.
Recolonization may result in the partial restoration and/oTr possible enhance-

ment of benthic habitat values to foraging bottom fishes (Rhoads et al., 1978;
Becker, 1984; Lunz, 1986). Tatum (1984) reported an increase in benthic

species abundance at an experimental disposal site in Elliott Bay following
disposal operations. Recently, a BRAT survey of tiLe Foul Area disposal site
off the coast of New England showed that benthic resource food values on site

were increased as a result of disposal activities relative to offsite condi-

tions for many of the target flatfish foraging strategies examined, particu-
larly fish foraging for smaller prey living near the sediment-water interface
(Lunz, 1986).

Existing benthic communities found onsite are adapted to fine-textured, medium

silt/coarse silt bottoms. Potential changes in bottom sediment grain size

distribution resulting from dredged material disposal would likely have a

detrimental impact on many of the resident infaunal species (i.e., due to

lower reproductive potential, iwpaired recruitment success, and survival of

young) as well as negatively influencing the ability of buried adults to
vertically migrate and survive burial (Maurer et al., 1978).

Under the effects definition for Site Condition II (see chapter 2), some sub-

lethal impacts to onsite benthos are possible from chronic exposure to dredged
material. These impacts would be confined to the disposal site. The PSDDA
monitoring program includes a check of benthic community health around the
disposal site to ensure that unacceptable biological impacts are not occur-

ring. The severity and extent of biological effects from the dredged material

are not expected to be significant since the majority of the taxa found at the

selected site (polychaetes, bivalves; Clarke, 1986) are not known to be

acutely sensitive to chemicals of concern. Effects associated with the

dredged material will include sublethal impacts, with potential increases in
the mortalities of the more sensitive, but less abundant, crustacean species
(section 3.02.b(l)(c)).

Cumulative effects of exposure to the dredged material could result in a

reduction in population and community biomass of equilibrium (Stage III)
species, with a corresponding increase in abundances and biomass of more
pollution and physical disturbance tolerant pioneering (Stage I) species.
This pattern will also be maintained by the periodic physical disturbance of

the site during disposal operations. Tissue concentrations of contaminants
may also increase in onsite benthos exposed to Site Condition II material.

Impacts that occur outside the disposal site would not be significant, con-
sisting of food web impacts, and pussibly sea surface rTicrolayer impacts. The
former involves mobile benthos (crab, shrimp, etc.) feeding on disposal site

benthos and migrating offsite with a chemical body burdeu and contributing
chemicals via predation or decomposition to bay food web. The degree of food
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web transfer is unknown, but should not be significant, due to the nature of
the site management condition and because few mobile species are present at
the selected site. Nearshore, intertidal and subtidal invertebrate fauna
would not be significantly impacted from the disposal operations due primarily
to their distance from the disposal site. Existing sea surface microlayer
chemicals may occasionally contact the nearshore benthos as a result of
currents, tidal actions, and wind moving chemicals onshore. In the case of
Port Gardner site 1, the probability that chemicals from the dredged material
would significantly contribute to the existing contaminant load, with signifi-
cantly increased impacts, is considered low. (Word and Ebbesmeyer, 1984; Word
et al., 1986; Hardy and Cowan, 1986).

(b) Intertidal. Intertidal invertebrates would be impacted by
any development of the nearshore environment for use as confined disposal
sites. Physical impacts to sedentary species from dredged material disposal
would be the immediate loss of intertidal communities due to burial during
disposal activity. Effects observed at the nearshore site are expected to be
sublethal in nature if material disposed in the nearshore environment contains
chemicals in concentrations characterized as Site Condition II. Some acute
impacts could be expected if dredged material exceeds Site Condition II.
Species impacted would include copepods and gammarid amphipods, which can
comprise 30 to 40 percent (by abundance) of the species present in intertidal
communities. Chemical impacts are expected to be localized to the area
immediate to the effluent outfall. Overall input to intertidal communities
would be dependent on both the amount of nearshore area taken for disposal
site use and the level of chemicals in the material disposed.

(c) Mobile Crab and Shrimp Resources. Physical disposal impacts
on Dungeness crab (Cancer magister) at the selected site would be limited to
the fall season, the only season when crabs, exclusively nongravid females,
are present on the site. No high density crab concentration areas would be
impacted, as onsite densities would be low (estimated average density of
25/hectare) and the disposal site is over 0.75 nautical miles from the nearest
high concentration area. Disposal is not expected to impact these distant,
high-density crab areas. Also, disposal operations would not significantly
impact Dungeness crabs during the majority of their sensitive molting period,
that occurs from April through June because no disposal would occur between
April 1 and June 15 of any given year (due to Washington State Department of
Fisheries standards for protection of migratory juvenile salmon). A very
small percentage of the female crabs that migrate to the selected site in the
late summer and fall months could be in the process of molting, concurrent
with disposal operations, and these crabs would be more subject to disposal
impacts. However, no molting females were caught during the onsite trawls in
September by the University of Washington. Thus, impacts on Dungeness crabs
at the selected site would be limited to disposal operations conducted during
the fall months and would involve only female crabs, few or none of which were
in the molting condition.

Dungeness crab in the selected site would be subject to both physical and

chemical impacts from disposal of dredged sediments. Direct physical impacts
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could result from crabs being struck by clumps of dredged material at or near
the center of the disposal footprint. This could result in burial and impair-
ment of the crabs' ability to vertically migrate, due to the sheer weight of
material or to actual bodily damage. Some mortalities would be possible.
Impacts would be greatest in or near the center of the disposal footprint,
diminishing to negligible impacts towards the edges of the footprint. Unless
the crab females are directly hit by a clump, it is expected they would sur-
vive, even in the footprint center. This is because of the slow rate of mate-
rial accumulation, the thinness of material that would be deposited with each
disposal, and the expected similarity in grain size between the disposal
material and the site's existing sediment.

An additional, although minor physical impact would be due to the increases in
suspended material with each disposal in the footprint area and adjacent
nepheloid layer. This material could accumulate in the gills and interfere
with normal gas exchange across gill surfaces. No mortalities would be expec-
ted; however, some crabs, especially those located near the center of the
impact area would be stressed, and would likely leave the immediate disposal
area.

Chemical impacts could result from chronic exposure to chemicals in the
dredged material. These would be primarily sublethal and would be contained
within the disposal site. Crabs exposed to the dredged material would include
those present on the site during the disposal operations and those having
inmigrated either randomly, or possibly in response to detection of food
organisms in the deposited material. Predicting whether or not the latter
will occur with any frequency is speculative because of an apparent lack of

5- scientific literature that addresses the issue of adult crab migrations to
dredged sediment in deepwater areas. In general, few crabs are expected to be
drawn to the site because of water depths.

Sublethal effects would result from crabs being in direct contact with
particle-bound chemicals and with those that become dissolved within the sedi-
ment pore water. Accumulation of these chemicals would occur to an extent
dependent upon the concentration of the chemicals and their relative biologi-
cal availability. The effects of biological accumulation of chemicals are not
fully understood, although it is generally accepted that chronic impacts are
due-to chemicals that are biologically available, accumulated, and, in some
instances, metabolically modified. Potential effects include: impairment of
the molting process, reduced reproductive capability, decreased feeding
ability, and decreased resistance to disease organisms.

Offsite impacts involving crabs would occur when crabs with tissue body bur-
dens of chemicals migrate offsite or when crabs from offsite forage on benthic
species inhabiting the disposal area.

In conclusion, potential disposal impacts to Dungeness crab in the selected
site and vicinity would be limited to the fall season, when low numbers of
females (nongravid) are present. Impacts on major crab concentration areas in
Port Gardner would not occur due to the distances between the selected site
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and these areas. Even with maximum expected disposal frequencies and
quantities, only very few crabs would suffer mortalities, those being directly
hit by large clumps of cohesive material. But the cohesive, clumped masses
would only descend over about 14 percent of each disposal footprint, and the
density of crabs (average of 25 per hectare) is so low that very few direct
impacts would be anticipated. All other impacts described above would not be
considered significant either onsite or offsite, comparing the relatively
swall 289-acre disposal site with the much larger Port Gardner deepwater area
that supports large crab populations.

Disposal impacts on shrimp at the selected disposal site are expected to be
similar to those predicted for Dungeness crab at this site. Only low abun-
dances of shrimp are present at the site througnout the year, far below the
level necesssary to support a commercial shrimp fishery.

Shrimp would be subject to botii physical and chemical impacts from disposal of
dredged material. Direct physical impacts would result from shrimp being
struck by clumps of cohesive material at or near the center of the disposal
footprint, a small area approximately 250 feet in diameter (see section 2).
These encounters would result in burial and possibly impairment of the shrimps'
ability to vertically migrate through the material due to the sheer weight of
the material or to bodily damage. Some mortalities would be expected, but
most shrimp would likely be able to survive the impact. Impacts would be
greatest in or near the center of the 250-foot diameter disposal footprint
diminishing to negligible impacts towards the aprons of the footprint.

An additional, although minor piiyslcal impact would occur due to increases in
suspended material both in the immediate footprint area and in the adjacent _

nepheloid layer. Suspended material can accumulate in the gills and interfere
with normal gas exchange across gill surfaces. No mortalities would be expec-
ted; however, some shrimp, especially those located nearest the center of the
impact area, would be stressed and would leave the immediate disposal area.

Chemical impacts could result from long-term exposure to chemicals present in
the dredged material. These would be primarily sublethal and would be more
likely onsite. Shrimp exposed to the dredged material would include those
present onsite during disposal operations, and those having inmigrated either
randomly or in response to detection of food organisms in the deposited nate-
rial. Sublethal effects would result from shrimp being in direct contact with
particle-bound chemicals and with those that become dissolved within the sedi-
ment pore water. Tissue accumulation of these chemicals will occur to an
extent dependent upon the concentration of the chewicals and their relative
biological availability. Potential effects of accumulation include impairment
of molting, reduced reproductive capacity, decreased feeding ability, and
decreased resistence to disease organisms.

Offsite impacts involving shrimp could possibly occur when shrimp with tissue
body burdens of chemicals migrate offsite, or when shrimp from offsite forage
on benthic species inhabiting the disposal area. Assuming the dredged mate-
rial contains approximately the same, or less, food value as the existing dis-
posal site sediments, inmigration and emigration should be roughly balanced
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and no significantly increased numbers of shrimp would be expected onsite.
However, the degree of inmigration will depend to a large extent on the
quantity of available food organisms in the deposited material.

In conclusion, disposal impacts to shrimp in the selected site and vicinity
would be minor due to the relatively small cohesive clump impact area, the
suall build-up of disposed material over time, the ability of shrimp to escape
high turbidity areas, and the relatively low density of shrimp present on the
site throughout the year. No impacts to iwportant shrimp populations in Port
Gardner are anticipated.

(4) Fish.

(a) Anadromous Fish. Impacts of disposal operations on impor-
tant juvenile salmon populations would be negligible, primarily because no
disposal operations would occur between Narch 15 and June 15, the "window"
designated by the Washington State Department of Fisheries to protect juvenile
salmon and steelhead during outmigration. The majority of the juvenile salmon
populations will have migrated out of Port Gardner by June 15.

Disposal would occasionally be coincidental with the presence of early or late
migrants (especially chinook salmon) or with those species that may tend to
remain in the bay for extended periods of time (e.g., searun cutthroat
trout). These juveniles would not be impacted by the disposal operations
unless they frequented the disposal area where they could pass through the
turbidity plume and be subject to turbidity impacts. Impacts could include
interference with oxygen exchange due to suspended solids clogging gill sur-
faces, and slightly lowered oxygen availability due to biological oxygen
demand of the suspended dredged material that forms the disposal plume.
Impacts to juveniles due to exposure to chemicals in the plume would probably
be negligible as most chemicals would be unavailable, bound to the sediment
particles rather than dissolved in the water column where they could be
absorbed across gill surfaces. These impacts, if they occurred at all, would
be minor since juveniles typically avoid disposal plumes, and the site is not
located in primary juvenile migratory pathways.

Adult salmon and trout migrating through the bay would also not be signifi-
cantly impacted by disposal operations as the majority of tue fish will avoid
disposal-associated turbidity plumes. Those fish that contact the plume how-
ever, would be temporarily impacted from short-term clogging of their gills,
by suspended material, and from slight depressions in dissolved oxygen due to
the biological oxygen demand of the dredged material. However, these condi-
tions are far less severe than the fish usually encounter when they migrate up
the Snohomish River during periods of floods or highwater.

Contribution of chemicals to the sea surface microlayer from Site Condition II
dredged materials may occur, but Is expected to be minor relative to existing
levels of chemicals from other sources (Word et al., 1986; Hardy and Cowan,
198b). Actual chemicals and their concentrations would be difficult to
identify/measure in view of many source contributions in Port Gardner. Adult
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salmon may occasionally swim at the surface for short periods and therefore
contact the microlayer during their milling behavior; however, physiologicAl
effects due to dredged material contaminants (in Site Condition 11 material)
would not be expected to occur. For there to be a noticeable impact on adult
salmon fished in the bay, the salmon would have to swim for extended periods
of time at the surface and near to the disposal area or microlayer "plume" to
absorb chemicals via the gills, possibly resulting in minor physiological
impairments. Swimming at the surface for extended periods is not typical of
migrating adult salmonids. In general, disposal operations involving material
suitable under Site Condition II should not significantly impact physiological
mechanisms/behavior patterns of adult salmon in Port Gardner Bay.

(b) Bottom Fish Resources. Negligible bottom fish resources
were found on or near the selected site during site specific studies in
September, June, and September 1986 (see section 3). It is therefore probable
that the area in Commencement Bay occupied by the selected site does not
represent prime bottom fish habitat. Nevertheless, some direct and secondary
impacts to bottom fishes are expected to occur as a result of disposal of
dredged material at this site. Clumps of cohesive material impacting the bot-
tom may bury flatfish such as Dover sole within the "250-foot" diameter bottom
impact area (see section 2). Any fish found outside the bottom impact zone
would likely escape direct impacts, but may suffer some respiratory distress
due to gill clogging and/or low dissolved oxygen levels (i.e., due to high
COD/BOD levels), induced by elevated levels of suspended solids within the
dredged material plume. It is highly likely that fish would avoid stressful
levels of suspended dredged material by temporarily moving out of the area.
In conclusion, because only low numbers of bottom fish resources were found
onsite, direct physical impacts from disposal on these resources are not 0
expected to be significant.

Bottom fish resources may also be affected through secondary impacts resulting
from disposal of dredged material in the preferred disposal site. Benthic
communities within the impact zone are expected to be temporarily lost as a
result of burial and smothering, further lowering the value of the area as
food habitat for bottom fish. As this area does not appear to be a prime
feeding habitat area for bottom fish in general (Clarke, 1986), the impact of
this habitat loss to fish resources is not expected to be significant.

Benthic resources, however, are expected to recover during periods of disposal
inactivity. Fish food habitat values might even increase as a result of
increased production of pioneering (stage I) opportunistic species on the dis-
posal mound (Rhoads et al., 1978; Becker, 1984; Lunz, 1986). Bottom fish
foraging on these opportunistic species may bioaccumulate chemicals through
dietary intake of prey. Direct accumulation of chemicals might also occur
through skin and gill membranes as a result of their intimate association with
the bottom sediments, particularly when buried in the sediments. Because the
area of the disposal site only represents a relatively small portion of the
foraging habitat for demersal bottom feeding fish in Port Gardner, and docu-
mented fish food habitat resources onsite are uniformly low, only very low
levels of chemical bloaccumulation in fish predators are ipossible.
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(c) Freshwater Fishes. For disposal of material not suitable

for unconfined, open-water disposal, impacts to freshwater fish would be a

direct result of the introduction of effluent discharge into freshwater
habitats. Two sources of impacts are associated with effluent discharge:

(1) impacts due to increases in turbidity and siltation, and (2) impacts due

to increases in cnemicals.

Fish species in general, and freshwater game fish in particular, have a low

tolerance for increases in turbidity (Canter et al., 1977). Fish mortality

due to asphyxiation is often the result of the coating effect of fine parti-

cles settling on the gill filaments (Sherk and O'Connor, 1975). Eventual

reduction in fish population size and even local species elimination have been

found as a result of increasing turbidity levels in streams that typically had

low background levels of suspended solids (Hollis et al., 1964).

Another possible impact due to turbidity and siltation on fish populations is

through the reduction in spawning ground habitat (Hollis et al., 1964). Ripe

running fish will abandon previously used spawning grounds if siltation is too

great. Siltation will result in suffocation of fertilized eggs by reducing

oxygen exchange across the egg surface.

Freshwater fish are generally more sensitive to chemicals of concern than are

marine species and are therefore more susceptible to chemicals associated with

effluent runoff from confined disposal sites. In addition, toxic rietals are

more readily available to organisms in freshwater than in saline waters, in

effect increasing the exposure environment. The relative potential for

impacts to freshwater fish under this alternative is less than the impacts

that would be predicted if Site Condition I has been chosen for the uncon-
fined, open-water disposal sites and greater than the impact if Site

Condition Ill had been chosen.

(5) Terrestrial Wildlife. Development of upland and nearshore con-

fined disposal sites would require the destruction of wildlife habitat and

cause significant adverse impacts to terrestrial wildlife. The types of wild-
life and number of species impacted by site construction would depend on the

specific type of habitat being destroyed. Disposal site construction on a

field would impact generally smaller-sized animals and relatively less diverse

communities than would be expected if forested land were utilized as sites for

confined disposal. The significance of the impact to terrestrial species will
depend upon the availability of nearby habitat (and its carrying capacity) to

assimilate displaced wildlife. Relative impacts under this alternative will
be less than those predicted if Site Condition I had been chosen for the

unconfined, open-water disposal sites and greater than impacts if Site

Condition III had been chosen.

(6) Birds.

(a) Water Birds. The only direct impacts of open-water disposal

on waterbirds would appear to be the result of temporary turbidity, temporary
loss of prey source, and potential Impacts to intertidal organisms fron drift

4-105



an ak 7

of suspended dredged material. Turbidity limits visibility and makes feeding
difficult, if not impossible. Turbidity from dredged disposal activity, how-
ever, is localized and temporary. Furthermore, waterLirds will avoid the tur-
bidity plume and feed elsewhere. Benthic resources at the disposal site are
generally not utilized as food by waterbirds. Few birds dive 120 feet deep

(cormorants and loons may), which limits the impacts to a few species. Fur-
thermore, stomach sakples of deep-diving birds indicate that bottomfish com-
prise only a small proportion of the total diet. Thus, these birds do not
depend on bottom-living organisms, and, in fact, primarily utilize free
swimming fish such as herring and smelt.

Even if the disposal areas were utilized by waterbirds and the sites did not
fully recolonize, the total area of impact is small relative to the potential
feeding area in Puget Sound. Waterbirds are mobile; also, the site nas rela-
tively low biological productivity to begin with, such that the loss would be
minimal. The potential loss of intertidal organisms from drift of suspended
material is considered to be minimal and would not affect waterbirds.

The selected disposal site is nut presently nor historically an area of con-
centration of waterbirds. Fort Gardner's primary value to waterbirds is in
the protected intertidal areas, where wost of the waterbird species can find
refuge and a food resource. Significant impacts could be expected to
shorebirds if nearshore areas were developed as confined disposal sites.

(b) Terrestrial Birds. For material requiring confined dis-
posal, terrestrial birds could be significantly impacted under tne preferred
alternative depending on the types of upland habitat used for construction of
confined disposal sites. Impacts would be greater if forested land were used
relative to cleared land because of the greater diversity of birds associated
with the former. Following reclamation of the area after the life of the dis-
posal site, sublethal chronic impacts to terrestrial birds could occur due to
ingestion of plants and animals that have accumulated contaminants arising
from the dredged material.

(7) Marine hammals. No significant long-term impacts to marine
mammals indigeneous to or migrating through Port Gardner are expected frot
disposal of dredged material at the selected site. No marine mammals dis-
cussed in section 3 are abundant in Port Gardner, and their presence in the
selected disposal site would only be a rare occurvnce. It is therefore
probable that no significant physical or chemical impacts to marine mammals
are expected. Those mammals in the vicinity of the disposal site during a
disposal operation, would likely avoid the area during the dumping activity.
Marine uammals feeding on bottom fish and macroinvertebrates in the vicinity
of the disposal site may accumulate small levels of chemicals concentrated in
their prey, although the amount attributable to the disposal site itself would
probably not be significant due to their wide ranging foraging habits and the
suall percentage of site use (Wright, 1978).

(8) Endangered and Threatened Species. Biological "LtssmenLs have
been prepared that evaluate potential impacts to bald eagles, gray whales, and
humpback whales (exhibit A). The only species on the Federal list that are
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found in Puget Sound are the gray whale, humpback whale, peregrine falcon, and

bald eagle. Gray whales are regularly, though infrequently, sighted in Puget
Sound. These are considered stragglers which may or may not feed while in
Puget Sound. Some of the few recent sightings of gray whales in Puget Sound
have been relatively close to the preferred disposal site. In each case, the
whales were present for no more than 1 day and were not seen again in the same
area. The implication is that the whales are "passing through" (and in all
likelihood not feeding) and find no special attraction for any one area. It
thus appears that selection of the proposed disposal areas would not Impact
gray whales, regardless of the sites ultimately selected. Much the same
arguments can be made for humpback whales.

Peregrine falcons are rarely observed in the vicinity of any of the selected

disposal areas; rarely enough, in fact, that the U.S. Fish and Wildlife
Service did not include this species un its list of species that should be
considered in the biological assessment. Their prey base consists of small
waterbirds, primarily ducks such as teal, and shorebirds. Peregrines prefer
to stoop on large flocks of such birds, where they have greater odds of find-
ing one that is weak or confused and, hence, easy prey. Such flocks are most
often in protected bays in intertidal or shallow subtidal habitats. The
open-water disposal site is relatively unprotected and generally does not
attract large numbers of waterbirds. The lack of such large flocks at the
proposed disposal area suggests that selection of the site would not impact
peregrines (since their prey base would not be affected).

Bald eagles are present throughout the year near the selected disposal site.
They feed on whatever may be present (ducks, gulls, live surface-swimming
fish, dead animals washed ashore, etc.). Again, concentrations of birds or

U: fish are helpful for prey-capture success. The selected disposal site for
Port Gardner does not have large concentrations of animals and thus feeding by

bald eagles would not be affected.

Other potential affects associated with the disposal site include primarily
human disturbance and noise from disposal barges. The most important consid-
eration is that the selected site is not near regular areas of animal use.
Thus, human disturbance and noise are not expected to affect any endangered
species.

c. Impacts and Their Significance to human Environment.

(1) Social Economic. Adverse impacts to waterborne commerce move-
ments in Port Gardner and vicinity, and related port terminal and industrial

development are expected to be substantially less with this alternative rela-
tive to the No Action alternative. Because of higher costs associated with
dredging and dredged material disposal, dredging cycles may be extended over
that experienced in the past. However, delays would be less under this
alternative than those expected if Site Condition I were chosen for management
of the unconfined, open-water disposal sites. The Dredging and Disposal
Activity section (see below) presents a comparative analysis of the costs
associated with dredging under the alternatives considered by PSDDA.
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Impacts to sport fishing could also occur due to displacement by tugs and
barges at the disposal site (see Navigation section below), in addition,
impacts to land and beach use could also be expected if nearshore and upland

disposal sites were developed in recreational areas. Overall, social economic
impacts are not expected to be significant.

(2) Transportation.

(a) Navigation. Normal average annual dredged uaterlal disposal
activity in Port Gardner is expected to be 30 to 35 days per year, more than
the level experienced over the past 15 years. Disposal Activity could be
considerably greater if the Upper Snohomish River channel dredged material is
taken to the Port Gardner open-water site. Actual activity woull depend on
dredging projects undertaken, and the results of chemical and biological tests
performed on material to be dredged. As navigation cnautiels would be nain-
tained, there would be no adverse impacts on navigation activity due to
channel shoaling. Barge-tug movement during disposal operations is not
expected to be much different than at present and consequently there should be
no significent navigation conflicts with commnrciul or pleasure craft.

Since disposal typically is accompanied by dredging, the Port Gardner selected
site would not be used during the salmon and steelhead smolt outmigration
window: March 15 through June 15. During times of normal site use, disposal
activity at the site would be expected to average about 2 to 3 barge. per day
with peak activity of 5 barges per day (table 4.9).

When proceeding to the disposal site, tug and barge combinations move at a
slower rate loaded than unloaded. Average travel speed is typically around
J knots. Once on site, disposal operations within Lte l,0O0-foot diameter
disposal zone usually require between 5 and 10 minutes. On occasion, weather
constraints and repositioning requirements (to ensure proper loc;tiou of
disposal) can increase the onsite time to as much as 20 minutes. Uslg an
average of 10 minutes, and assuming two to three b:arges per day, normal site
time would amount to about 20 to 30 minutes per day or about 15 hours per year.

Though delays in disposal activities could result from avoiding conflicts with

tribal fisheries (see below), they are unlikely, given the anticipated and
required coordination between dredgers and the tribes.

Disposal operations at the selected site would represent a slight increase in
navigation traffic for the site proper. \4ith increased water Lraffic, there
is an increase in risk of minor oil leaks or spills, and of vessel colli-
sions. The location of the disposal site, Infrequent site use, and the short
duration of site occupancy indicate that these risks are not significant and
are likely not measurable.

(b) Land. Impacts to land transportation would be consilerally

less than those resulting from the no-action alternative, as 95 percent of
future drecged material is expected to be found suitable to be placed in the
Port Gardner disposal site. Truck hauls and traffic congestion associated
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with upland disposal would be substantially les:. than under the No Action

alternative, where most dredged material would be placed in nearshore or
upland sites.

(3) Dredging and Disposal Activity. The overall impact of this

alternative on dredging activity in Port Gardner would be to increase the
volume of material found acceptable for unconfined, open-water disposal over
that allowable under existing interim criteria. Currently, the suitability of
material for open-water disposal in Port Gardner is based on the Port Gardner
Interim Criteria. However, these interim criteria are essentially identical
to the Puget Sound Interim Criteria (PSIC). Using PSIC, only about 14 percent
of the future Port Gardner area material is expected to be suitable for uncon-
fined, open-water disposal. Under the selected site management condition, 4.6
million c.y. of material is projected over the next 15 years to be found
acceptable for unconfined, open-water disposal at the Port Gardner site (table
4.2c). Actual disposal volumes would depend upon the outcome of chemical and
biological tests conducted on the material and the actual projects proposed
for dredging. Costs of dredging (including testing, dredging, disposal, com-
pliance inspections, and open-water site monitoring costs) over the next
15 years in Port Gardner using Site Condition II would be approximately
$19.1 million (table 4.6). Assumptions and details calculations used in
deriving these estimates are described in EPTA (part II, section 10). It is
anticipated that as source control improves and project-specific experience

and data become available, the portion of future dredged material that is
acceptable for unconfined, open-water disposal would increase.

(4) Native American Fishing. The selected alternative is not

- expected to significantly impact Native American fishing in Port Gardner. As
described in section 2, steps have been outlined to ensure that disposal-
related vessel traffic would be compatible with tribal fishing.

Disposal operations are not expected to affect salmonids in Port Gardner. The
disposal site is situated in water greater than 200 feet deep and salmonids
feed at shallower depths. Adult salmon and steelhead trout migrating through
the disposal site should not be impacted by disposal operations as the major-
ity of the fish would avoid disposal-related turbidity plumes. The few fish
that may pass through the plume may be stressed to a minor degree. However,
this disturbance would be short duration and would not have any long-term
effect on the health of the fish. The sea surface microldyer is also not
expected to significantly impact salmonids or to have an effect on fishing
gear. Contributions of dredged material to the sea surface microlayer have
not been quantified, but are not considered significant relative to other
probable sources from permitted discharges. Adult salmon may occasionally

swim at the surface for short periods (during milling behavior), but contact
with sea surface microlayer chemicals would not affect the physiological
health on marketability of the fish. The microlayer is not thought to be con-
tinuous on the sea surface, and appears to be easily disrupted; therefore,

contamination of fishing gear and nets from the sea surface microlayer near
the disposal site would not be significant.
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(5) Non-Indian Commerical and Recreational Fishing. Non-Indian fish-
ing activities may be displaced during the discharge of dredged material at
the selected disposal site. At times of normal dredging activity, this dis-
placement could persist for 5-10 minutes, up to five times per day. The
selected disposal site has been located to minimize potential conflicts wit'i
known commercial and sports fishing activities. It is anticipated that dis-
placements, if they occur at all, are wore probable for sports fishermen than
for commercial activities. The disposal site location and the relatively
short duration of site use, are expected to preclude any significant adverse
effects to fishing activities and catch success in these waters.

(6) human Health.

(a) Via Seafood Consumption. No impact on human health is anti-
cipated from the consumption of seafood that might be in or near the disposal
site. Only suitable dredged material will be allowed for disposal at the
site. ho significant impact to human health is expected with Site
Condition II.

(b) Via Drinking Uater. When marine/brackish, dredged material
is placed in a confined nearshore or upland disposal facility, the potential
exists to generate leachates having adverse impacts on ground water and sur-
face water used for drinking. Under this alternative, material forecasted to
be found unsuitable for unconfined, open-water disposal will have to be placed
in a confined site. If any material is placed in a nearshore or upland facil-
ity then potential for drinking water chetaical impacts exists, especially if
design features such as leachate collection systems, effluent control, or run-
off control are not used or fail. Development of any upland or nearshore dis-
posal sites, and the types of material allowed in these sites, would be
subject to State and Federal regulations designed to protect drinking water
sources. The relative potential for ground water chemical impacts under this
alternative is less than the iupacts that would be predicted if Site Condition
I had been chosen for the unconfined, open-water disposal sites and greater
than the impacts if Site Condition III had been chosen.

(c) Via Inhalation of Dust. Dredged material placed on near-
shore and upland disposal sites provides a potential source of dust with
chemicals of concern that could have an impact on workers and residents living
around such a site. Dust production can especially be of concern at multluser
sites where the deposited dredged material is being reworked. This can also
be the case at a disposal site that is teing prepared for alternate uses. The
impacts to human health from inhalation of dust can be minimized by the appli-
cation of suitable ground cover. The relative potential for dust production
under this alternative is less than would be predicted if Site Condition I had
been chosen for the unconfined, open-water disposal sites, and is greater than
if Site Condition III had been chosen.

(d) Via Direct Exposure. Little direct exposure of humans to
contaminated dredged materlal occurs. The only segment of the population that
might be expected to come into direct contact wiLh dredze- .aterial are
workers on dredging crews and at upland and nearshore disposal facilities.

4-110



U U.U .uI I im I lo .. I .

Material that is highly contaminated could be placed in secure disposal sites
where protection against exposure to chemicals would be minimized by opera-
tional procedures (i.e., wearing protective clothing and respirator, security
to limit access to the site, application of coverage soil for disposal).

(7) Noise. There have been no measurements of ambient noise levels
or of the actual noise at the shore which would be produced by disposal equip-
ment operating at the Port Gardner site. However, noise studies have been
done at the shore adjacent to the Fourmile Rock disposal site in Elliott Bay
that provide some estimation of the noise impact of disposal operations.

Between 20 September 1985 and 24 June 1986, eight separate noise studies were
conducted in the residential area near the Fourmile Rock site by two noise
consultants. Ambient noise measured between 35 and 70 dBA and averaged from
35 to 51 dBA during the different measuring periods. Noise from tugs and tug-
barge combinations was measured at between 37 and 46 dBA. The average noise
levels were in the low 40's. The exception was one barge which measures 58
dBA for a short time. Muffling has since been added to bring the noise level
down further. In a number of cases, the noise testers reported that the tugs
and barges could not be heard above ambient noise at the shore.

The selected Port Gardner site will be at least 2,500 feet from the Port
Gardner shoreline. It is assumed that noise impacts from use of the site will
be well within State and Federal noise standards and, in many cases,
unnoticeable.

(8) Esthetics. Disposal operations are not expected to signifi-
cantly affect the esthetic quality or experience in Port Gardner Bay and
vicinity. The disposal operations would be further removed from the harbor
area than in the case of Elliott or Commencement Bays. Viewers from the vari-
ous shoreline, downtown, and bluff areas identified in section 3 will see the
occasional presence (between one and five times daily during dredging opera-
tions) of a tug and barge moving into the inner bay area, spending about 5 to
10 minutes for disposal, and leaving the area. The tug and barge will be most
noticeable from the Everett shoreline, from high-rise office buildings, and
from bluff areas in the south Everett vicinity. Viewers in these areas will
probably not be able to discern the localized turbidity plume in the vicinity
of the barge immediately following disposal, due to the distances involved
between viewers and the disposal area. Although the sight of a tug and barge
may not be a positive esthetic experience to some viewers, other viewers will
perceive the tug and barge activity in a positive sense, considering it as an
Integral part of normal marine activities in Port Gardner, and not detracting
from the overall view experience.

(9) Historic Impacts. As part of the disposal site identification
mapping studies, a literature search was undertaken to establish if any
historically significant shipwrecks were located within the Port Gardner
selected and alternative disposal sites (see DSSTA). Also, additional
literature reviews and sidescan sonar studies were made of the belected site
in March 1988, confirming the earlier review. Further coordination was and is
being accomplished with the State of Washington Office of Archaeology and
Historic Preservation (see FEIS exhibits C and D).
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d. Cumulative Impacts. In Port Gardner, once disposal commences at the
selected site, a slightly larger area of the bottom of Port Gardner Bay would
be disturbed and its productivity altered. Discontinued use of the existing
DNR site should have beneficial effects for area resources in the long-term.
The site would continue to be covered over with sediment from the Snohomish
River and should provide good habitat for establishment of a climax benthic

community that should not be significantly impeded by chemicals in dredged
material previously disposed of there. The existing DNR site is located

within the Port Gardner Dungeness crab and bottom fish high-use area (see
section 3). Closure of this site would halt the disruptions to these
resources.

Within the selected disposal site dilution zone, during ind iwmeeiately after
disposal, production would be reduced and sublethal/chronic impacts are pos-
sible for benthos directly exposed to the dredged material. Upward migration
by several species of polychaetes and molluscs through the newly placed mate-
rial, and inmigration from adjacent areas by crustaceans and larvae of poly-

chaetes and molluscs would result in pulsed benthic production, during
nondisposal "windows." The significance of these impacts can be estimated as
a function of percentages of the local sessile populations affected by each
disposal and of the percentages of the forage base for mobile species that the

proposed site represents. Overall, it is estimated that sediments at the pre-
ferred site would have higher chemical levels than existing sediments, poten-

tially resulting in altered benthic community structure at the site and slight
changes in benthic productivity.

A disposal operation that would also contribute to cumulative physical/

chemical modification of deep benthic habitat in Port Gardner is the disposal 0
of dredged sediments from East Waterway by the U.S. Navy as part of their
Everett Homeport facility. Contaminated and uncontaminated dredged material
from that project, totaling about 3.3 million c.y., would be deposited at the
proposed Confined Aquatic Disposal (CAD) site located just north of the
existing DNR site and extending over an area of 380 acres. The contaminated

material would be capped with uncontaminated material. The CAD site is not
located in the high use Dungeness crab or shrimp area. The cappinp operations

would be conducted in two phases, with the second phase commencing aproxi-
mately 8 months after the first phase. henthic production from the site would
be marginal during the 8-month no disposal period, but following the second
phase, benthic colonization would again commence, and in a few years a stable
benthic community would be expected. This assumes that the CAD operation
effectively isolates the contaminated sediments from the cap and water

column. This also assumes that contaminants would not significantly bioaccu-
mulate in the benthos through contact with the small quantity of contaminated
material that would be released during disposal to perhaps accumulate in the
nepheloid layer, or through contact with the contaminated layer because of
bioturbation activities.

The cumulative effects of disposing at the preferred PSDDA site, of success-
fully disposing at the proposed Navy CAD site, and of not disposing further at
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the existing DNR site is expected to be no net reduction in Port Gardner deep-
water benthic production and no significant impacts on Port Gardner biological
resources.

e. Relationship to Existing Plans, Policies, and Controls.

(1) Clean Water Act, Sections 404/401. Procedures used in identifying
the selected Port Gardner disposal site and site management condition are
consistent with the 404(b)(1) Guidelines for Specification of Discharge Sites
for Dredged or Fill Material (40 CFR Part 230). Federal advance identifica-
tion of the selected site as suitable for disposal of dredged material
pursuant to part 230.80 of the Guidelines is addressed in exhibit B. The
selected site and site management condition are also consistent with Ecology
guidelines for State water quality certification pursuant to Section 401 of
the CWA.

(2) Coastal Zone Management. The Coastal Zone Management Act (CZY-A)
(Public Law 91-583: 86 Stat. 1280) was passed by the United States Congress in
1972. In June 1976, the State of Washington Coastal Zone Management Program
(CZMP) was approved to receive funding allowing the CZMA to be implemented via
the State Shoreline Managment Act (SMA) of 1971. As passed by the State
legislature, the SMA provides "for the management of Washington's shorelines
by planning and fostering all reasonable and appropriate uses." The SMA is
implemented through detailed planning efforts that culminated in the Shoreline
Master Programs (SMP) for the large municipalities and counties of the State.
The selected alternative is consistent with the SMA and the current State
CZMP, satisfying consistency with State and Federal coastal zone management
requirements.

(3) City of Everett Shoreline Master Program. The selected disposal
site is located within the jurisdiction of the city of Everett, which adopted
its shoreline master program in 1986. The site lies within the shoreline
environment classified as urban. Dredged material open-water disposal is
listed as a permitted or conditional use. The selected alternative is
consistent with the city's master program as presently written.

(4) Department of Natural Resources (DNR) Policy on Open-Water
Disposal of Dredged Material into Puget Sou." Ste thioughout the u75get
Sound area have been designated by DNR for open-water disposal. If the
dredged material cannot be beneficially utilized (e.g., creation of artificial
islands, landfill), and it is approved by all of the various regulatory
agencies for open-water disposal, it can be deposited in one of the DNR
sites. Fees and lesses from DNR and permits from other agencies are all
required before disposal of dredged material can occur. The selected Port
Gardner site will be an approved DNR open-water disposal site once the local
shoreline permit has been granted by the city of Everett.

(5) Executive Order 11990, Protection of Wetlands. The intent of
Executive Order 11990 is to protect wetlands because of the significant cumu-
lative loises that have occurred, and due to their high value to biological
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productivity and their many other critical functions. As the selected Port
Gardner site lies in water over 400 feet deep, no wetlands would be directly
affected. Dredging projects which could affect wetlands would be evaluatated
on a project by project basis at the time the project is reviewed for permits
under Section 404 of the CWA.

(6) Executive Crder 11988, Flood Plain Management. The intent of
Executive Order 11988 is to provide guidance and regulation for projects
located in, and affecting, the flood plain. Executive Order L1988 requires,
to the extent possible, avoidance of long- and short-term adverse impacts
associated with occupancy and modification of flood plains.

As the selected open-water disposal site lies in water over 400 feet deep, no
direct flood plain impacts would be involved by use of the site. Dredging
projects which could affect the flood plain would be evaluated on a project by
project basis at the time the projects are reviewed for permits under Section
404 of the CWA.

(7) Puget Sound 'water Quality Comprehensive Plan. The Puget Sound
Water Quality Comprehensive Plan was adopted 17 December 1986. The contami-
nated sediment and dredging program of the plan contains a sediment program
goal "to reduce and ultimately eliminate adverse effects on biological
resources and humans from sediment contamination throughout the Sound by
reducing or eliminating discharges of toxic contaminants and by capping,
treating, or removing contaminated sediments." The plan also adopts the fol-
lowing policies which shall be followed by all State and local agencies in
actions affecting sediment quality, including rulemaking, setting priorities
for funding and actions, and developing permit programs:

"All government actions will lead toward eliminating the
presence of sediments in the Puget Sound basin that cause
observable adverse effects to biological resources or pose a
serious health risk to humans."

"Programs for management of dredging and disposal of sedi-

ments should result in a net reduction in the exposure of
organisms to adverse effects. (The intent of this policy is
that dredging and disposal contribute to the cleanup of the
Sound by allowing unconfined, open-water sites to nave only
low levels of contamination and to dispose of more contami-
nated sediments in a manner that prevents continued exposure
of organisms to adverse effects. For proposals where dredg-
ing will expose contaminated sediments, project-specific
mitigation measures may be required."

"Remedial programs (which uay include capping inplace) shall
be undertaken when feasible to reduce, with the intent of
eliminating, the exposure of aquatic organisms to sediments
having adverse effects."
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The selected sites are located to minimize the exposure of aquatic animals to
dredged material placed at the unconfined site. The sites are relatively non-
dispersive and are situated away from high abundances of important aquatic
species and from human use areas of the Sound. Although the species poten-
tially exposed to the dredged material at the disposal sites are different
from those present at the dredging site, the net effect of the dredging and
disposal action could be to reduce overall exposure potential by moving the
material from shallow estuarine areas to deeper marine waters.

Per the definition of the selected site management condition, the material to
be discharged at the unconfined, open-water sites is not expected to pose a
serious risk to human health. Though the selected condition could poten-
tially result in some "observable adverse effect" in the form of sublethal
effects to any organisms that remain within the disposal site for an extended
period of time, the discharge of substantially better (or "cleaner") material
on the sites would likely result in an aggregate condition comparable to the
stated plan policy.

The dredger does not typically control the original discharge of chemicals of
concern into the aquatic environment. Nevertheless, the PSDDA study has high-
lighted the importance of the PSWQA goal relative to "reducing or eliminating
discharges of toxic contaminants" into the Sound. As this goal would be
achieved through improved source control, material dredged from the Sound's
waterways should improve in quality, as should the condition at the disposal
sites. Consequently, source control must remain a high priority for
protection of the Sound.

For the reasons described above, the PSDDA selected alternative for Port
Gardner is considered to be consistent with the 1987 Puget Sound Water Quality
Comprehensive Plan.

(8) American Indian Religious Freedom Act. The American Indian
Religious freedom Act of 1978 (AIRFA) requires Federal agencies to ensure that
none of their actions interfere with the inherent right of individual Native
Americans (including American Indians, Eskimos, Aleuts, and Native Hawaiians)
to believe, express, and exercise their traditional religions. These rights
include access to religious sites, use and possession of sacred objects, and
the freedom to worship through traditional ceremonials and rites. The AIRFA
requires coordination between Federal agencies and Native Americans to ensure
that federally supported projects or projects on Federal land do not infringe
on the religious practices of Native Americans.

Coordination between PSDDA agencies and potentially affected tribes has
occurred throughout the study, and is an ongoing process.

4.14 ilternative PG2-I1: Port Gardner Site 2 With Site Condition II. Many
of the potential environmental effects of disposal of Site Condition II
dredged material at the alternate site in Port Gardner (site 2) are similar to
those of the preferred alternative (site 1). This is a direct result of the
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site identification process: both sites are located in relatively nondisper-
sive environments and are positioned to minimize disturbance to key bottom
resources. Differences in their physical, biological and human environments,
and consequent differences in environmental effects that would result by their
use as dredged material disposal sites, are described below.

a. Impacts and Their Significance to the Physical Environment. Environ-
mental consequences from disposal of acceptable tper Condition 11) dredged
material at the Port Gardner site 2 would be the same as those described for

site 1 above for water quality, air quality and land. These resources, which
are very similar at both sites 1 and 2, would not be significantly impacted by
the use of site 2.

Data from the current meter studies indicate that site 2 has comparably low

current velocities relative to site 1, such that deposited dredged material
would stay onsite. however, existing sediments at the site are characterized
as being coarser (with more fine and very fine sand, and less clay) than those
at site 2. The existing dredged material disposal site in Port Gardner is

located immediately to the south of site 2. The use of a new site to the
north, which would likely contain very similar material to that currently
found in the old site, would result in extending the modification of the
bottom sediment type further to the north. These effects, however, are not
considered significant.

b. Impacts and Their Significance to the Biological Environment. Envi-
ronmental effects resulting from the disposal of acceptable (per ondition II)
dredged material at site Z in Port Gardner would be identical to those
described for site 1 above for flora, anadromous fish, birds, marine mammals
and threatened and endangered species. No significant differences exist
between the two sites for these resources.

Available data indicate that adverse effects to benthic invertebrate species

(polychaete worms, molluscs, and less mobile crustaceans) would be somewhat
higher at site 2 than at site 1. This is reflected in the higher benthic blo-
mass present at site 2 (61 g/m2) when compared to site 1 (36 g/m2). However,
these observed differences are not statistically significant due to the high
variability in the benthic communities at the sites. The Benthic Resource
Assessment Technique (BRAT) confirmed these differences by noting that preda-

tors would see a slightly higher food value at site 2 when compared to site 1,
but again not to the degree of statistically significant differences. Use of
site 2 would result in the loss of these additional benthic resource values;
however, for the reasons described for site 1 above, these losses are not
considered significant.

Use of site 2 in Port Gardner could result in somewhat predter adverse effects

to shrimp at the disposal site when compared to site 1. Ihis is not due to
the differences in the number of shrimp found at the two sites, but rather the

locations of the sites relative to areas of the bay that contained high con-
centratious of shrimp. Site 2 is located immediately adjacent to high concen-
trations of shrimp when compared to the location of site 1 (within 0.5 nmi).
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The relatively nondispersive characteristic of site 2 should prevent any
significant adverse effects to these high concentration areas of shrimp.
Though neither site contained large numbers of shrimp, differences between the
sites varied by season. The differences were most prominent during February,
when site 2 contained more shrimp (82-355/ha) than site 1'(0-135/ha). In
April, site 2 contained fewer shrimp (13-38/ha) than the preferred site
(63-24/ha). In June, site 2 again contained more shrimp than site 1 (0-117/ha
versus 6-80/ha, respectively). And in September, the preferred site again had
more shrimp than site 2 (32-101/ha versus 6-86/ha). As with site 1, the use
of site 2 for dredged material disposal would result in burial or displacement
of those shrimp found in the site during disposal operations. Surviving or
returning individuals could experience minor, sublethal adverse effects due to
chemical concentrations present in the material on site, as long as they
remain onsite for a prolonged period of time and are not buried or displaced
by further disposal activity. To the extent that the surrounding environment
is at carrying capacity for these species, the displaced shrimp may experience
reduced survival on a population basis. The abundance of shrimp found on site
2 is considered to be very low when coapared to numbers found in shallower
waters or in harvested areas of the Sound. As a result, adverse effects to
shrimp populations of the area due to this alternative are not considered to
be significant.

There were few Dungeness crabs found in either site 1 or 2; however, as with
shrimp, site 2 is located immedately adjacent to areas with high concentra-
tions of crabs compared to site 1 (0.5 nmi). Compared to site 1, site 2 hae
measurably more crabs on site during February, April and June samplings, and
fewer crabs during the September sampling. Site 1 had an average of 0, 0, 0
and 39 crabs per hectare during February, April, June and September; site 2
had "few," 19, 0 and 19 per ha. during the same seasons. As with site 1, the
use of site 2 for dredged material disposal would result in burial or dis-
placement of those crabs found in the site during disposal operations. Sur-
viving or returning individuals could experience minor, sublethal adverse
effects due to chemical concentrations present in the material on site, as
long as they remain on site for a prolonged period of time and are not buried
or displaced by further disposal activity. To the extent that the surrounding
environment is at carrying capacity for these species, the displaced crabs may
experience reduced survival on a population basis. The abundance of crabs
found on site 2 is considered to be very low when compared to numbers found in
shallower waters or in harvested areas of the Sound. As a result, adverse
effects to crab populations of the area due to this alternative are not
considered to be significant.

Bottom fish at site 2 are more abundant than those found at site 1, likely due
to the site's proximity to shore and slightly shallower waters. With identi-
cal abundance (400/ha) at the two sites during the February -ime, bottom fish
at site 2 were more abundant during April (103/ha) and June (156/ha) relative
to site 1 (68 and 60/ha, respectively). As with site 1, given the overall low
numbers of bottom fish at the site relative to shallower waters, the impacts
to these species resulting from the disposal of dredged material at site 2 are
not considered significant.
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c. Impacts and Their Significance to the Human Environment. Use of the
Port Gardner site 2 with Site Condition II would result in the same
environmental effects as those described for site 1 for social economic
values, transportation, human health, and noise qualities. Consequences to
these resources, identical for both sites, would not be significant.

Relative to dredging and disposal activity, site 2 is locdted such that the
site would overlap the preferred confined aquatic disposal site for dredged
materials to be derived from the U.S. Navy Homeport project. Should the lavy
proceed under its current schedule, the designation of a multiuser disposal
site at this location (via PSDDA) would require additional coordination to
avoid site use conflicts during construction of the Navy project. Addition-
ally, normal disposal operations may be precluded during certain phases of the
Navy construction. Monitoring operations following disposal would require
further effort to adequately distinguish between the effects of the two proj-
ects. In general, the two projects are compatible, but detailed coordination
between PSDDA -d the Navy would be needed to avoid adverse effects to site
use and environmental monitoring.

Site 2 would be located closer to shoreline efforts of Native American fisher-
men than site 1. However, since site 2 is sufficiently removed from the
shore, no conflicts with the fisheries should result. Coordination between
fishing and dredging activities would be required to avoid these conflicts.
Overall, use of site 2 for dredged material disposal would not result in
significant adverse impacts to Native American fishing.

The presence of a public recreational beach near site 2 presents the potential
for adverse effects to occur relatiye to reduced esthetic quality of the
area. These effects are associated with tug and barge activities during dis-
posal operations, related disruption of the visual esthetics of the area as
seen from shore, and the potential presence of a visible turbidity plume. The
degree of these effects would be less than those experienced by the area with
use of the existing disposal site in Port Gardner, located closer to shore
than site 2. The intermittent use of the site, the presence of numerous other
navigation-related activities in the area, and the short-term persistence of
these adverse effects all indicate that while adverse effects to esthetic
qualities would be more measurable and noticeable than at site i, they are not
expected to be significant for this alternative.

4.15 Alternative PG3-I1: Port Gardner Site 3 With Site Condition 11. Many
of the potential envrrmental effects of dsposal-oT-t-C-nIo6W-II
dredged material at the other alternate site for Port Gardner (site 3,
Saratoga Passage) are similar to those of the preferred alternative (site 1).
This is a direct result of the site identification process: both sites are
located in relatively nondispersive environments and are positioned to mini-
mize disturbance to key bottom resources. Differences in their physical, bio-
logical and human environments, and consequent differences in environmental
elfects that would result by their use as dredged material disposal sites, are
described below. (Though located in Saratoga Passage, site 3 is referred to
here as a Port Gardner alternative site.)
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a. Impacts and Their Significance to the Physical Environment. Environ-
mental consequences from disposal of acceptable (per Site Condition II)
dredged material at the Port Gardner site 3 would be the same as those

- described for site 1 above for water quality, marine and estuarine sediments,
air quality and land use. These resources, which are very similar at both
site I and 3, would not be significantly impacted by the use of site 3.

b. Impacts and Their Significance to the Biological Environment. Envi-

ronmental effects resulting from the disposal of acceptable (per Site Condi-
tion II) dredged material at site 3 in Port Gardner would be identical to
those described for Site I above for flora, crabs, anadromous fish, and marine
mammals. No significant differences exist between the two sites for these
resources.

Available data indicate that adverse effects to benthic invertebrate species

(polychaete worms, molluscs, and less mobile crustaceans) would be somewhat
lower at site 3 than at site I. This is reflected in the lower benthic bio-
mass present at site 3 (7 g/m2) when compared to site 1 (36 g/m2). Addition-
ally, these statistically significant differences are reflected in the Benthic
Resource Assessment Technique (BRAT) which noted that predators would see a
lower food value at site 3 (2.6-7.2 g/m2) when compared to site 1 (12.3-19.6
g/m2). Though use of site 3 would result in the loss of these benthic
resource values, for the reasons described for site 1 above, these losses are
not considered significant.

Use of site 3 in Port Gardner would result in somewhat greater adverse effects

to shrimp at the disposal site when compared to site 1. This is due to the
differences in the number of shrimp found at the two sites. Though neither

U' site contained large numbers of shrimp, differences between the sites were
observed both in February and June. In February, site 3 contained measurable
numbers of shrimp (50/ha) while the preferred site had none. In June, site 3
again contained more shrimp than site 1 (62.4/ha versus 6/ha, respectively).
As with site 1, the use of site 3 for dredged material disposal would result
in burial or displacement of those shrimp found in the site during disposal
operations. Surviving or returning individuals could experience minor, sub-
lethal adverse effects due to chemical concentrations present in the material
onsite, as long as they remain on site for a prolonged period of time and are
not buried or displaced by further disposal activity. To the extent that the
surrounding environment is at carrying capacity for these species, the dis-
placed shrimp may experience reduced survival on a population basis. The
abundance of shrimp found on site 3 is considered to be very low when compared
to numbers found in shallower waters or in harvested areas of the Sound. As a
result, adverse effects to shrimp populations of the area due to this
alternative are not considered to be significant.

Existing data indicate that bottomfish at site 3 are less abundant than those
found at site 1. Given the overall low numbers of bottomfish at the site
relative to shallower waters, the impacts to these species resulting from the
disposal of Site Condition II at site 3 are not considered significant.
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Site 3 is located closer to known spawning grounds of hake than site 1. These
grounds support a fish that is important as prey for many species of birds,
includinU many waterbirds and possibly the threatened bald eagle. For water-
birds, fish are their primary food source in deepwater and are known to fre-
quently use hake fish as prey. While there is little direct evidence of bald
eagles' use of hake, it has been observed that they catch them occasionally.
However, bald eagles are not thought to feed on hake frequently enough that
their loss from the eagle's diet would result in adverse effects to this
species. The use of site 3 for the disposal of dredged material is not expec-
ted to significantly affect the hake spawning grounds. Consequently, adverse
effects to water birds and threatened and endangered species are also not
expected to be significant.

c. Impacts and Their Significance to the Human Environment. Use of the
Port Gardner site 3 with acceptable (per Site Condition IIT redged material
would result in the same environmental effects as those described for site I
for transportation, Native American fishing, human health, noise and esthetic
qualities. Consequences to these resources, which would be the same for both
sites, are not considered significant.

Site 3 is located at a substantial additional distance from major dredging
areas compared to site 1. This distance, an additional 8 nautical miles from
the East Waterway of Port Gardner, could result in added transportation costs
to dredged material headed to the unconfined, open-water site. These costs
could amount to as much as an additional tO.64 per c.y. ($0.86 for site 3
versus tO.24 for site 1) of dredged material for site 3 relative to site 1.
Whether these costs would actually be incurred depends on how the dredging is
conducted, as the efficiency of the operation is the key factor. For dredging
operations using the standard equipment of one tug and two barges, with a
clamshell dredge operating at 1 or 2 bargeloads per day, it is possible to
occupy the dredge without interruption due to transport of the dredged mate-
rial. The transportation cost increases with this operation would be somewhat
less than those incurred by dredging operations that require greater
production rates or have less equipment.

Site 3 is located closer to known and proposed aquaculture sites than site 1.
Given the nature of the material that would be deposited there, and the inter-
mittent, localized and short-term effects that disposal would have on the
water column, significant adverse effects to these aquaculture facilities are
not anticipated. However, the proximity to these facilities would likely
require some added effort in site monitoring to ensure that adverse effects
did not occur.

4.16 Alternative PGl-I: Port Gardner Site 1 With Site Condition I. Analysis
of the environmental consequences of the Site Condition I alternative for Port
Gardner is provided here in comparison to the effects of the preferred alter-
native (Site Condition II). In general, the adverse effects of these two
alternatives are siwilar in type, differing primarily in degree of effect in
the various disposal environments. Substantially less material would be found
acceptable for unconfined open-water disposal for Site Condition I than for
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the preferred alternative. This would result in fewer or decreased adverse
effects in the aquatic environment, and additional or increased adverse
effects in the land and shore environments.

Though this alternative would result in less material placed at the unconfined
open-water site, the spread of the material would cover a comparable bottom
area at the site; however, the depth of cover would be less. Consequently,
differences between Site Condition I and Site Condition II in physical impacts
to site species would not be significant. The major differences between Site
Condition I and Site Condition II would result from the different levels of
biological effects permitted due to chemicals in the dredged material.

In Port Gardner, application of Site Condition I would result in substantially
less volume (2,212,000 c.y.) of material acceptable for unconfined, open-water
disposal in the next 15 years than for Site Condition II (4,684,000).

The following subsections describe the differences in environmental conse-
quences that would result from the application of Site Condition I compared to
those incurred by use of Site Condition 1I.

a. Impacts and Their Significance to the Physical Environment. Site
Condition I would shift the primary water quality effects to nearshore, ground
water and freshwater areas, with far fewer effects at the aquatic site com-
pared to Site Condition II. A greater potential for chemical impacts to
ground water and surface water is possible under this alternative compared to
the preferred alternative, especially If design features are not used, or
fail. As with Site Condition II, the effects at the unconfined site are
intermittent and short term, and are not considered significant.

Compared to Site Condition II, Site Condition I would result in minimally
different physical effects and modifications of marine sediments at the uncon-
fined site due to the similar spread and distribution of the dredged mate-
rial. Under this alternative, an increase over present concentrations in
sediment chemicals would be expected at the disposal site. However, due to
lower chemical concentrations in the dredged material, Site Condition I would
result in fewer adverse effects within the unconfined site than Site Condition
II. On balance, the potential for technological control (more material would
be placed in upland and nearshore sites where control technology can be more
easily applied) provides the opportunity for Site Condition I to result in
overall fewer adverse effects to sediment quality than with Site Condition II.

Fewer barges utilizing the unconfined site mcans that fewer adverse effects to
air quality would result at the site. However, the transport of the material
via more trucks would mean a shift of air quality impacts to the land/shore
environments, in closer proximity to human use. Overall, the adverse effects
of Site Condition I to air quality are considered more substantive than those
of Site Condition II. Though they would vary by the site being used, they are
not likely to be significant.
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For the dredged material that is not acceptable for unconfined, open-water
disposal under the Site Condition 1 option, an estimated 101 acres of land and
shore habitats (see table 4.3) could be impacted in the Fort Gardner area.
When the total estimated water and land/shore acreages are combined for each
alternative, Site Condition I would result in more land (419 acres) committed
than Site Condition II (328 total acres). The overall significance of Site
Condition I effects to land compared to Site Condition II would depend on the
relative value ascribed to the aquatic and land/shore acreages.

b. Impacts and Their Significance to the Biological Environment. Site
Condition I would result in fewer effects to aquatic flora at the unconfined
site because a smaller volume of material would be discharged at the site and
that this would have less potential for chemical effects. On land and near-
shore environments, however, an increase in impacts to plants is possible.
This is due to both an increase in acreage needed for disposal (loss of natural
habitat) and placement of a greater volume of sediment with chemicals of con-
cern in these environments. Overall, Site Condition I would result greater
adverse effects to flora than for Site Condition II because of the added
impact to plants under Site Condition I.

For invertebrates, the adverse physical effects of Site Condition I would be
similar at the unconfined, open-water site as those of Site Condition I,
though added physical losses of intertidal and subtidal shore- line habitat
would occur.

Site Condition I results in fewer adverse effects to invertebrates than Site
Condition II.

Aquatic marine fauna at the disposal site would be at less risk with Site
Condition I than with Site Condition II. However, increased potential loss of
shoreline habitat could significantly effect salmonids. The overall signifi-
cance of using to Site Condition I, compared to Site Condition II, depends on
the relative value ascribed to these habitats and species.

As with the case for Site Condition II, minimal impacts to waterfowl are
expected froa the disposal of dredged material suitable for Condition I at the
open-water disposal site. Because of the potential loss of additional impor-
tant habitat on land under this alternative, there is a greater probability
for adverse impacts to birds than with Site Condition I. The same situation
exists for threatened and endangered species. Though the species at risk wilL
differ in the water and land areas, direct loss of land habitat represents a
greater risk to these protected animals than do the disturbances at the open
water site.

c. Impacts and Their Significance to the Human Environment. Compared to
Site Condition II, social economic impacts of Site Conditio5nT-would be pri-
marily associated with greater land use issues and greater cost to navigation
and marine-related industries. These would be associated with somewhat lesser
risks to the aquatic site and greater risks to land and shore environments.
In addition, truck transport of dredged material has the potential of
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adversely affecting traffic in and around land/shore disposal sites. Again,
the overall significance of these tradeoffs depends on socially ascribed
values to the impacted resources.

In Port Gardner, the estimated volume of dredged material that would meet Site
Condition I over the next 15 years is 2,212,000 c.y. (or 45 percent of the
4,943,000 c.y. forecasted for Port Gardner). Compared with activity expected
if Site Condition II were adopted, the overall impact of Site Condition I on
dredging activity would be to reduce, or at least delay, initiation of new
projects and ongoing navigation maintenance cycles. The primary reason for
the reductions or delays would be the increase in project costs associated
with having to place dredged material exceeding Site Condition I at other dis-
posal options. Additional delays would result during identification, designa-
tion, acquisition, and development of upland and nearshore disposal sites.
Without considering the expenses associated with project delays, the added cost
of Site Condition I in Port Gardner would be about $35 million (Condition I:
53,930,000; Condition II: $19,104,000).

Under this alternative, there would be less barge traffic at the open-water
site, with fewer potential fishery conflicts and need to coordinate dredging
activities. However, increased use of shoreline and land disposal sites could
result in overall greater adverse effects to resources and areas of importance
to tribal fisheries. In addition, barge traffic would persist to some near-
shore sites. Given the low degree of potential conflict that would exist with
the unconfined open-water site with any alternative, the increased effects on
land and shore areas suggest that Site Condition I would result in more sig-
nificant adverse effects to native american concerns than would Site Condition

No difference in effects to human health would result from seafood consump-
tion. Given the conservative approach applied in defining the site management
conditions, Site Condition I should result in less risk to human health via
seafood consumption than Site Condition II due to overall less volume and
lower chemical concentrations that would go the unconfined, open-water sites.
For both alternative Conditions I and II, the adverse effects to human health
are not expected to be significant.

Site Condition I would increase the potential for adverse effects to human
health in the land and shore environments. Increased risk of drinking water
chemical impacts would result at upland sites. Dust and direct exposure to
the dredged material also represent concerns at land and shore sites. By
proper technology control, it is possible to limit the primary exposure to
individuals that must work on or around sites during dredged material dis-
charge and site completion or modification. Though the actual risks and
effects would be site specific, on balance, Site Condition I has the potential
for greater adverse effects to human health than does Site Condition II.

Noise impacts at the open-water site would be fewer with Site Condition I, but
there would be measurably more noise effects at land and shore sites. Over-
all, the adverse effects to noise resulting from Site Condition I are consid-
ered more significant than those of Site Condition II.
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d. Cumulative Effects. The location of the disposal site in Port Gardner
significantly contributes to the avoidance of direct and indirect adverse
effects to important human and environmental resources. The reduced potential
for chemical releases into Puget Sound waters during disposal operations that
would result with Site Condition I relative to Site Condition II would -
offset the increased loss of land and nearshore habitat that would also occur.
Though the consequences to land are site specific, given past disturbances of

shoreline environments, the potential exists for significant cumulative effects
to occur with nearshore disposal sites. Consequently, Site Condition I has
the potential for greater cumulative effects to the environment than Site
Condition II.

4.17 Alternative PGI-II: Port Gardner Site 1 With Site Conditon III.
Analysis of the environmental consequences of the Site Condition II alterna-
tive for Port Gardner is provided here in couparison to the effects of the
preferred alternative (Site Condition II). With Site Condition III, all
dredged material is estimated to be acceptable for unconfined, open-water
disposal in Port Gardner (4,943,000 c.y. of material forecasted for the next
15 years). This would result in greater adverse effects to the aquatic
environment, and few, if any, adverse effects to the land and shore
environments relative to Condition II.

Though this alternative would result in more material placed at the uncon-
fined, open-water site, the spread of the material would cover a comparable

bottom area at the site. Consequently, differences in physical impacts to
site species for Site Condition III and Site Condition 1I would not be signif-
icant. The major differences between Site Condition III and Site Condition II
would result from the different levels of biological effects perritted due to
chemicals in the dredged material.

In Port Gardner, application of Site Condition III would result in more volume
(4,943,000 c.y.) of material acceptable for unconfined, open-water disposal in
the next 15 years than for Site Condition II (4,684,000 c.y.). The following
subsections describe the differences in environmental consequences that would
result from the application of Site Condition III coL,pared to thiose incurred
by use of Site Condition II.

a. Iupacts and Their Significance to the Physical Envirunment. Compared
to Site Condition II, Site Condition III would shift all water quality effects
from nearsbore, ground water and freshwater areas, to the aquatic site. Water
quality at the open-water disposal site could experience overall greater
adverse effects with the Site Condition III alternative. 1 otentLially signifi-
cant contributions to the sea surface microlayer and nepheloid layer may occur
with Site Condition III. As with Site Condition II, however, the impacts to
water quality at the unconfined site are expected to be intermittent and short
term, and are not considered significant. f

Compared to Site Condition II, Site Condition III would result in similar
physical effects and modifications of marine sediments at the unconfined site
due to the volume and grain size distribution of the material. This would
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result in a similar spread and distribution of the dredged material. However,
due to higher chemical concentrations allowed in the dredged material, Site
Condition III would result in greater adverse effects at +he unconfined site
than Site Condition II. Sediment quality could be significantly altered by
Site Condition III which could lead to unacceptable adverse effects on biolog-
ical resources. On balance, the lack of technological control associated with
unconfined, open-water disposal (relative to upland and nearshore disposal)
provides the opportunity for Site Condition III to result in the potential for
greater adverse effects to the environment than with Site Condition II.

More barges would utilize the unconfined site, however, the increase in barge
traffic would not result in any change in impact to air quality at the open-
water site. With a reduced need to transport material via trucks, a shift of
adverse effects to air quality from the land/shore environments to the water
environment could occur. Overall, the adverse effects of Site Condition III
to air quality are considered less substantive for human health than those of
Site Condition II. Though air quality would vary based on site-specific
characteristics, they are not likely to be significant in most cases.

Since there is no dredged material that is unacceptable for unconfined, open-
water disposal under the Site Condition III option, no land acreage (see table
4.3) would be lost due to use of land and shore habitats. When the total
estimated water and land/shore acreages are combined for each alternative,
Site Condition III would result in less land (318 acres) commitment than Site
Condition Il (328 total acres). The overall significance of Site Condi-
tion III effects to land compared to Site Condition II depend on the relative
value ascribed to the aquatic and land/shore acreages.

U0 b. Impacts and Their Significance to the Biological Environment. Site
Condition III would result in more adverse effects to aquatic flora at the
unconfined site, but would avoid adverse effects to plants and terrestrial
animals in land and shore areas.

For invertebrates, adverse puysical effects associated with Site Condition III
would be the same as those of Site Condition II. Because of the higher con-
centration of chemicals in Site Condition III, a greater number of species
would be expected to exhibit possible acute and chronic effects then those
expected with Site Condition II. The most significant difference between Site
Condition III and Site Condition II is that Site Condition III could impact
the nepheloid layer, resulting in the transport of material offsite to areas
of valuable biological resources. Crab and shrimp populations found in the
area could also be impacted by disposal based on Site Condition III because of
the greater concentration of chemicals, relative to Site Condition II.

For birds, terrestrial wildlife, and threatened and endangered species, there
would be an overall reduction in impact associated with Site Condition III
compared to Site Condition II. For aquatic species listad as threatened or
endangered, risks would be higher; however, the area around the open-water
sites are not utilized by these species.
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c. Impacts and Their Significance to the huwan Environment. Compared to
Site Condition II, Site Condition III would avoid land use issues, as open-
water disposal would be the primary method for disposal of dredged waterial.

In Port Gardner, the estimated volume of dredged material that would meet Site
Condition III over the next 15 years is 4,943,000 c.y. Compared with activity
expected if Site Condition II were adopted, no overall impact of Site Condi-
tion III on dredging activity would be expected. The cost of Site Condition
III in Port Gardner would likely be $16,029,000 compared to $19,104,000 for
Site Condition I.

Witu Site Condition III activity, there would be more barge traffic at the
open water site, with a greater potential for fishery conflicts and need to
coordinate dredging activities. However, the increase in volume of material
that would be allowed at the open-water site, relative to Site Condition II,
would not be great enough to expect a significant increase in barge traffic.
Avoiding the use of shoreline and land disposal sites would result in avoiding
the adverse effects to these resources and areas of importance to tribal fish-
eries. Given the low degree of potential conflict that would exist with the
unconfined, open-w ter site with any alternative, the decreased effects on
land and shore areas suggest that Site Condition III could result in less sig-
nificant adverse effects to Native American fishing activities than would Site
Condition II.

There would be no different effects to human health resulting from the seafood
consumptiGn route via Site Condition III. However, given scientific uncer-
tainties in cheLjicdl effects, though conservative, it can still be said that
Site Condition III would result in greater risk to human health via seafood
consumption than Site Condition II due to overall less volume and lower chemi-
cal concentrations that would go the unconfined, open-water sites. For both
alternative, the adverse effects to human health are not expected to be
significant.

Site Condition III would significantly decrease the potential for adverse
effects to human health in the land and shore environments. Overall risks to
drinking water would be avoided as a result of avoiding use of upland sites.
On balance, Site Condition III has the potential for lower adverse effects to
human health than does Site Condition Ii.

Noise impacts at the open water site will be about the same as with Site
Condition Ii, but noise effects at land and shore sites will be avoided.
Overall, the adverse effects to noise resulting from Site Condition III are
considered to be less than those of Site Condition II.

4.18 Selection of the Port Gardner Alternative. Of the alternatives con-
sidered for the Port Gardner area, Including the No Action alternative, the
selected alternative is alternative PGl-II: unconfined, open-water disposal
site 1 and Site Condition II. Several factors, discussed below, are signi-
ficant in the preference for this alternative.

4-126



All three sites meet two key site identification factors: (1) the site should
be located in relatively nondispersive environments and (2) the site should be
positioned to minimize disturbance to key biological resources. Of the three
sites, site 1 was found to have an overall lower potential impact on biologi-
cal resources and the human environment than would the other two sites.

Site 1 contains lower levels of benthic biomass than does site 2; the benthic
biomass of site 3 is lower than site I or site 2. In addition, site 3 also
contains lower concentrations of bottom fish than do either of the other two
sites. Site 2 is closer to areas containing commercially important levels of
shrimp and Dungeness crabs. Use of site 2 could put these resources at
greater risk to impact from dredged material disposal. Site 3, on the other
hand, contains greater numbers of shrimp than does site 1. Site 3 is also
close to ecologically important spawning grounds for hake and use of the site
could put these resources at greater risk than the other sites.

In addition to the differences in potential for impact to important biological
resources at sites 2 and 3, site 2 is close to a public beach while site 3 is
in an area being used for aquaculture. Site 1, on the other hand, is far
removed from such areas. Finally, site 2 boundaries overlap the boundary of
the Navy Homeport disposal site. Use of the area by both the Navy project and
PSDDA would complicate monitoring efforts of the PSDDA site and could interfer
with proposed capping operations by the Navy.

Within the selected site in Port Gardner (site 1), some effects to crabs due
to displacement and possibly associated sublethal effects to the remaining or
returning individuals may result. The density of crabs at this site, however,
is somewhat lower than at site 2, and impacts to the crab population in Port
Gardner are considered to be less if material is deposited at site 1 rather
than at site 2.

The identifi-,tion of a selected biological effects condition for site man-
agement is based on consideration of the overall environmental effects of the
dredged material disposal program (including both aquatic and land/shore
effects). In order to ensure consistency throughout the region, these assess-
ments were made for the entire Phase I (central Puget Sound) area.

Dredged material discharged at the unconfined, open-water sites must be
acceptable for maintaining the chosen site management condition. Under Site
Condition II, dredged material deposited at Port Gardner site 1 is predicted
not to have unacceptable adverse impacts on biological resources within or
outside the disposal site, or to result in increased risks to human health.
Impacts that do occur to aquatic organisms are expected to be confined to the
disposal site and should not result in greater than sublethal chemical effects
to the few remaining and more sensitive species within the zone (i.e. signifi-
cant acute toxicity will not be present on site). A monitoring plan developed
for the PSDDA disposal sites will be used to ensure that effects at the dis-
posal site are within the Site Condition II limits and that offsite impacts
are not occurring. If monitoring indicates impacts may be exceeding Site
Condition II limits, appropriate site management response would be taken.
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Site Condition I would reduce adverse effects to the aquatic environment rela-
tive to Site Condition II, but would relatively increase adverbe effects to
land and shore environments. Site Condition III, on the other hand, would
result in much greater adverse effects to the aquatic environment then would
either Site Condition I or Site Condition II with almost no impacts to land
and shore environments.

Costs for testing, dredging, disposal, and monitoring of the volume of sedi-
ment that is forecasted to require removal over the next 15 years in the Port
Gardner area under Site Condition I would be approximately $54 million,
$35 million more than the costs of disposal under Site Condition II
($19 million). Site Londition II would result in approximately $16 million
in dredged material costs, $3 million less than Condition II.

The selected alternative is consistent witi Section 404 of the CWA which
governs the discharge of dredged material in nearshore waters of the United
States. Under Section 404(b)(1), no "unacceptable adverse effects" can result
from the discharge of dredged material in open-water sites. Research and
analysis of data used to define the alternative site conditions indicate that
disposal of Site Condition II material should not result in unacceptable
adverse effects on aquatic resources. The selected site management condition
will, furthermore, not allow significant acute toxicity onsite; thus meeting
State water quality standards and a condition frequently used in the
implementation of Section 404 nationwide.

In considering the overall effects (total impacts of dredged material dis-
posal) to land and water, the use of Site Condition I is considered the envi-
ronmentally preferred approach and was therefore chosen. Additionally,
alternative PG1-II, (site 1 and Site Condition II), most closely meets the
stated PSDDA goal to provide for publicly acceptable guidelines governing
environmentally safe unconfined disposal of dredged material in Puget Sound.
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SECTION 5. SUMMARY OF PHASE I ENVIRONMENTAL CONSEQUENCES

5.01 Regional Perspective. This section of the EIS summarizes the environ-
mental consequences of the alternatives evaluated in detail in section 4, in a
way that emphasizes the regional perspective of the PSDDA study and the
findings for the overall overall Phase I area.

5.02 Probable Adverse Environmental Effects Which Cannot Be Avoided.

a. Effects of Disposal: Selected Alternatives. The selected alterna-
tives for the Phase I area include the use of site management condition II at
the selected unconfined, open-water disposal sites located in Commencement
Bay, Elliott Bay, and Port Gardner. As discussed in section 2, the same site
management condition was selected for all sites in order to provide regional
consistency. This recognizes the similar characteristics of the sites and
avoids unnecessary complications in dredged material management.

(1) Air Quality and Noise. Localized reductions in air quality may
occur in tuie vicinity of the selected unconfined, open-water disposal sites
due to exhaust emissions from the internal combustion engines of the disposal
equipment. Localized increases in noise levels would also occur during dis-
posal operations. These adverse effects from noise, and to air quality, are
expected to be short term, intermittent, and relatively buffered from other
human uses, and are therefore not considered significant. Long-term or
persistent adverse effects are not anticipated.

Minor volatilization of chemicals of concern during barge transport to the
unconfined, open-water disposal sites can occur. For the dredged material
that is discharged on land, the loss of sediment-associated chemicals to the
air can be a more effective pathway than for material discharged in water.
These losses would occur both during transport (e.g., truck haul) and after
discharge on land. However, volatile chemicals of concern in dredged material
are rarely sufficiently concentrated to result in measurable or significant
releases to the air.

(2) 1,ater and Sediment Quality. Temporary reductions in water qual-
ity would be permitted in the standard dilution zones established for each
disposal site (see FEIS section 1 and the NPR, chapter 7). These zones would
be designated in the water quality certification for each dredging project.
The water quality reductions could include minor depression of dissolved
oxygen, increases in turbidity, and some release of organic matter and
sediment-associated chemicals of concern. These effects would be primarily
associated with the disposal plume. Though they may be measurable throughout
the water column, tne efiects would Le most noticeable in the bottom layer,
near the sediment/water interface (the nepheloid layer). Any releases of
floatable particles (and associated chemicals) could be contributed to the
sea-surface microlayer. Additionally, there is always some risk of incidental
oil spills at the disposal sites associated with the disposal equipment. For
dredged material found acceptable for unconfined, open-water disposal, these
adverse eltects to water quality would be minor and temporary, with rapid dilu-
tion or dispersion subsequent to disposal. In general, turbidity associated
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with disposal operations is substantially less than that occurring due to
riverine, high-water discharge periods, or from vessel passage in navigation
channels (propeller action). Significant or unacceptable effects are not
anticipated.

Environmental consequences from unacceptable sediment quality at the disposal
sites have the potential to be persistent and long-term (assuming continued
use). As measured by the potential of sediment chemicals to result in adverse
biological effects, the quality of sediments may either decrease or increase
at the disposal sites as a result of PSDDA. This would depend on the relative
quality of site sediments to the discharged dredged material. As measured by
effects on biological resources, the quality of sediments could remain
unchanged or improve somewhat at the Elliott Bay selected site and possibly
also at a portion of the Commencement Bay site. For the Port Gardner site,
some decrease in sediment quality is anticipated, given the relatively
undisturbed nature of this area. While sublethal adverse effects could occur
within each disposal site, this is generally not anticipated. Because only
acceptable sediments would be discharged at the disposal sites, the aggregate
condition of each site is expected to be substantially better than allowed
under the selected management condition (Site Condition II). Consequently,
the net effect of site use on the existing sediment quality would probably be
somewhat less than described for Port Gardner and Commencement Bay and
somewhat more (better) for Elliott Bay. In summary, adverse effects to the
quality of sediments, resulting from the selected alternatives, are not
expected to be significant (per NEPA), and they would be limited to the sites.

Dredging and disposal of dredged material that is unacceptable for unconfined,

open-water disposal can adversely affect water quality depending on how the
dredging is conducted, the type of disposal method used, and the controls
utilized to prevent unacceptable effects. Mechanically dredged materials will
only produce limited discharge water from land and shore sites. Hydraulically
dredged materials will produce a substantial effluent, which may result in
effects to receiving water quality if return waters are not carefully
controlled. For confined aquatic disposal, some of the water column effects
considered minor for material acceptable for unconfined disposal become more
important. The extent and magnitude of effects will be dependent on the type
of material being dredged and the nature of the project.

(3) Habitat. Portions of the selected disposal sites would be
periodically covered by new dredged material. This would temporarily disrupt
biological activity within the impacted areas. The maximum acreage that may
be impacted over time is shown in table 5.1. As the sites were located to
minimize adverse effects, the biological impacts are not expected to be
significant.

Habitat changes associated with the dredged material that would be placed in
other disposal sites (land/shore/confined) could include loss of wetlands,
loss of fish feeding and rearing habitat, loss of land vegetation, and loss of
natural shoreline areas. Land sites developed for human use are usually
permanently taken out of ecological production. An estimate of the possible
area of land/shore habitat that would be impacted is provided (table 5.2) for
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TABLE 5.1

IMPACTED BOTTOM HABITAT AT THE
PSDDA PREFERRi DISPOSAL SITES

Long-Term
Area Impacted Percent of Bay

(Acres)

Commencement Bay 310 6

Elliott Bay 415 6

Port Gardner 318 2

TOTAL 1,043 0.3 % of
Phase I water
area

material expected to require confined disposal. The significance of these
impacts would depend on the nature of each specific site prior to use.

(4) Benthic Invertebrates. Sessile (immobile) benthic species
present at the center of the unconfined, open-water sites would be buried
during discharge of dredged material. This would result in the loss of most
of these animals. Some may survive towards the edge of the area impacted by
an individual discharge, where the material thickness does not prevent the
animals from resurfacing. At the more active sites (e.g., Elliott Bay),
continued physical disruption from disposal operations would preclude sub-
stantial recovery during site life in those areas of the site receiving the
major amount of dredged material (immediately below disposal zone). However,
some recolonization by benthic species would be likely between disposal
operations in the major impact areas of all sites. Some recolonizers may
experience minor increases in body burden levels of chemicals of concern
within the site. These levels would not cause acute effects, nor would the
levels exceed values considered to be harmful to human health, if any fish
foraging at the extreme depths of the sites were captured and eaten (which is
not likely). Though net losses of benthic production in the sites are con-
sidered long term, sites have been located to prevent significant adverse
effects to the aquatic ecosystem as a whole.

loss of benthic species resulting from the disposal of material not acceptable
for unconfined, open-water disposal would be dependent on the specific site
involved. Confined aquatic disposal and nearshore disposal sites contain
benthic species that would be buried. At upland sites, land invertebrates
would be buried.
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TABLE 5.2

ESTIMATED LOSSES OF LAND AND SHORE HABITAT 1/
(Acres of Land/Shore)

Port Commencement Elliott Phase I

Gardner Bay Bay Area

No Action (PSIC) 264 230 569 1,063

Condition I 101 96 274 471

Condition II 10 29 266 305

Condition III 0 5 162 167

I/Assumptions:
a. Almost all dredged material would be placed on land or in nearshore

sites for the No Action alternative. Of the mean value for the other
alternatives, some would be discharged at confined aquatic sites (CAD), the
rest would be placed in land and/or shore sites. For purposes of this
analysis, 60 percent of the volumes to be discharged in confined sites is
assumed to be headed to land/shore, the rest (40 percent) would go to a CAD
site.

b. Average depth of land/shore disposal sites is assumed to be 10 feet.
c. Forecasted over the period 1985-2000. 0

(5) Fish and Shellfish. Intermittent disruption of the water column
during disposal operations would displace pelagic species from the disposal
site. Those individuals located within and immediately adjacent to the dis-
charge zone during disposal may experience added stress during avoidance reac-
tions. Given the short-term and localized nature of the water column impacts,
these stress effects are not considered significant.

Bottom feeding fish and mobile shellfish (crabs and shrimp) utilizing the
unconfined, open-water disposal sites would be partially displaced from the
area. To the extent that food value of the site is reduced over the long
term, the displacement would also be long term. The displaced epifauna could
experience reduced survival to the extent that the surrounding ecosystem is at
carrying capacity. In addition, less mobile individuals within the site (or
perhaps partially dug into the surface of the site) would be buried. By
locating the sites away from areas where these species concentrate, the dis-
placement and resulting effects should not be significant.

Adverse effects to fish and shellfish resulting from other disposal options
would be dependent on the option and site selected. Confined aquatic disposal

5-4



(CAD) and nearshore sites would likely affect fish and shellfish habitat due
to dredged material disposal (permanently for the nearshore option; temporar-
ily for the CAD option). Upland sites would typically not result in direct
impacts to fish and shellfish, assuming proper control of any return water
(effluent).

(6) Birds and Marine Mammals. Disposal activities, with barge and
tug passage and associated noise, would intermittently displace birds found at
the disposal sites. Though less common, any marine mammals in the area during
disposal would likely move away from the activity. Given the existing level
of other navigation traffic at and near the sites, the disposal impact is not
expected to be significant.

long-term adverse effects to birds or marine mammals are not expected at the
open-water sites. Adverse effects due to disposal at other disposal options
would depend on the specific site involved.

(7) Fisheries. Compared to the No Action alternative, tug and barge
traffic to and from the disposal sites would have a slightly higher potential
for conflicts with recreational fisheries activities in each of the bays.

All three of the selected sites are located within the usual and accustomed
fishing grounds (as of 1974) of several Puget Sound tribes. Potential
conflicts with Indian fishing activities in these areas would be resolved by
project specific actions discussed in section 2.

Adverse effects to fisheries resulting with the other disposal options could
be potentially more severe with nearshore and CAD sites than with upland sites.

! Actual effects would depend on the site to be used.

(8) Navigation. Use of the selected disposal sites would result in
temporary, localized and intermittent disruption of any navigation and anchor-

age use of the water surface area within the 900-foot radius disposal zones.
Additionally, tug and barge traffic to and from the sites would represent
potential risks for vessel collision. The disposal site locations have been
coordinated with the U.S. Coast Guard and would be marked on navigation
charts. Site use would be controlled to minimize the risk for vessel
collision.

Using the analysis described in section 4 of the EIS, estimates of the vol-
umes of dredged material that would and would not be acceptable for uncon-
fined, open-water disposal are shown n table 5.3. The consequences to the
cost of dredging are shown in tables 5.4, 5.5, and 5.6. In general, almost 60
percent of the forecasted dredged material that might be considered for
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TABLE 5.3a

IMPACT OF ALTERNATIVE SITE MANAGEMENT CONDITIONS ON
DISPOSAL OF FUTURE DREDGING VOLUMES

Commencement Bay (CB) and vicinity
1985-2000

(1,000 C.Y.)

Volume That Could
Total be Discharged at

Forecasted the Designated Volume to

Dredging CB Unconfined, Open- Confined
Alternative Volume Water Disposal Sitel/ Disposal!/

Site Management Condition

I 3,929 1,348 2,581
Il 3,929 3,160 769
III 3,929 3,776 153

Total Volume That Could
Forecasted be Discharged in Volume to
Dredging Unconfined, Open- Confined
Volume Water Areas3 / Disposal

No Action (PSIC)4/ 3,929 225 3,704

1/Estimated volume of future dredged material that could be discharged at
th7e selected sites (once designated) such that the site management condition
would be maintained. Assumptions and detailed calculations used in deriving
these estimates are described in EPTA (part II, section 10).
2/Confined disposal can include upland, nearshore, and/or confined aquatic

disposal methods.
3/For the No Action alternative, public multiuser sites for unconfined,

open-water disposal of dredged material will not be designated. Disposal of
material acceptable for unconfined, open-water disposal under this alternative
could occur wherever local governments and State and Federal regulatory
agencies would allow. This could include beneficial-use projects and/or at
other areas selected on a project by project basis.

4/PSIC: Puget Sound Interim Criteria.
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TABLE 5.3b

IMPACT OF ALTERNATIVE SITE MANAGEMENT CONDITIONS ON
DISPOSAL OF FUTURE DREDGING VOLUMES

Elliott Bay (EB) and vicinity
1985-2000

(1,000 C.Y.)

Volume That Could
Total be Discharged at

Forecasted the Designated Volume to
Dredging EB Unconfined, Open- Confined

Alternative Volume Water Disposal Sitel/ Disposa]2/

Site Management Condition

I 10,525 3,113 7,412
II 10,525 3,374 7,151
III 10,525 6,162 4,363

Total Volume That Could
Forecasted be Discharged in Volume to
Dredging Unconfined, Open- Confined
Volume Water Areas3/ Disposal

No Action (PSIC)4/ 10,350 1,350 9,175

1/Estimated volume of future dredged material that could be discharged at
the selected sites (once designated) such that the site management condition
would be maintained. Assumptions and detailed calculations used in deriving
these estimates are described in EPTA (part II, section 10).

2/Confined disposal can include upland, nearshore, and/or confined aquatic
disposal methods.

3/For the No Action alternative, public multiuser sites for unconfined,
open-water disposal of dredged material will not be designated. Disposal of
material acceptable for unconfined, open-water disposal under this alternative
could occur wherever local governments and State and Federal regulatory
agencies would allow. This could include beneficial-use projects and/or at
other areas selected on a project by project basis.

4/PSIC: Puget Sound Interim Criteria.
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TABLE 5.3c

IMPACT OF ALTERNATIVE SITE MANAGEMENT CONDITIONS ON
DISPOSAL OF FUTURE DREDGING VOUMES

Port Gardner (PG) and vicinity
1985-2000

(1,000 C.Y.)

Volume That Could
Total be Discharged at

Forecasted the Designated Volume to
Dredging PG Unconfined, Open- Confined

Alternative Volume Water Disposal Sitel/ Disposal 2 /

Site Management Condition

I 4.943 2,212 2,731
II 4,943 4,684 259
III 4,943 4,943 0

Total Volume That Could
Forecasted be Discharged in Volume to
Dredging Unconfined, Open- Confined

Volume Water Areas 3 / Disposal

No Action (PSIC)4/ 4,943 675 4,268

1/Estimated volume of future dredged material that could be discharged at
the selected sites (once designated) such that the site management condition
would be maintained. Assumptions and detailed calculations used in deriving
these estimates are described in EPTA (part II, section 10).

2/Confined disposal can include upland, nearshore, and/or confined aquatic
disposal methods.

3/For the No Action alternative, public multiuser sites for unconfined,
open-water disposal of dredged material will not be designated. Disposal of
material acceptable for unconfined, open-water disposal under this alternative
could occur wherever local governments and State and Federal regulatory
agencies would allow. This could include beneficial-use projects and/or at
other areas selected on a project by project basis.

4/PSIC: Puget Sound Interim Criteria.
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TABLE 5.3d

IMPACT OF ALTER.NATIVE SITE MANAGEMEN1T CONDITIONS ON
DISPOSAL OF FUTURE DREDGING VOLUMES

Total Phase I Area
1985-2000

(1,000 C.Y.)

Volume That Could be
Total Discharged at the

Forecasted Designated Phase I Volume to
Dredging Unconfined Open- Confined

Alternative Volume Water Disposal Sitesl/ Disposal]/

Site Management Condition

I 19,397 6,673 12,724
II 19,397 11,218 8,179
III 19,397 14,881 4,516

Total Volume That Could
Forecasted be Discharged in Volume to
Dredging Unconfined, Open- Confined
Volume Water Areas3/ Disposal

No Action (PSIC)4/ 19,397 2,250 17,147

1/Estimated volume of future dredged material that could be discharged at
the selected sites (once designated) such that the site management condition
would be maintained. Assumptions and detailed calculations used in deriving
these estimates are described in EPTA (part II, section 10).

2/Confined disposal can include upland, nearshore, and/or confined aquatic
disposal methods.

3/For the No Action alternative, public multiuser sites for unconfined,
open-water disposal of dredged material will not be designated. Disposal of
material acceptable for unconfined, open-water disposal under this alternative
could occur wherever local governments and State and Federal regulatory
agencies would allow. This could include beneficial-use projects and/or at
other areas selected on a project by project basis.

4/PSIC: Puget Sound Interim Criteria.
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TABLE 5.4

SITE-SPECIFIC TESTING, DREDGING AND DISPOSAL,
COMPLIANCE AND MONITORING COSTS FOR THE ALTERNATIVE SITE CONDITIONS

Costs ($1,000) 1985-2000
Dredging &

Testing Disposal Compliance Monitoring Total

Commencement Bay:
Condition I 980 46,953 159 252 48,344

Condition II 820 21,658 373 547 23,398
Condition III 726 13,058 446 1,234 15,465
No Action 1,430 62,630 48 0 64,098

Elliott Bay:
Condition I 5,068 159,736 367 234 165,405
Condition II 4,979 155,746 398 433 161,550
Condition III 3,874 113,285 727 692 118,598
No Action 3,674 186,572 225 0 190,471

Port Gardner:
Condition I 1,131 52,311 261 227 53,930
Condition II 1,194 16,862 553 495 19,104

Condition III 1,210 13,148 583 1,088 16,029
No Action 1,730 74,352 112 0 76,194

TABLE 5.5

SUMIARY OF TESTING, DREDGING AND DISPOSAL,
COMPLIANCE AND MONITORING COSTS FOR THE ALTERNATIVE

SITE MANAGEMENT CONDITIONS

Costs ($1,000) 1985-2000

Dredging &

Alternative Testing Disposal Inspection Monitoring Total

Condition I 7,179 259,001 787 712 267,679

Condition II 6,993 194,266 1,324 1,475 204,058

Condition IIl 5,810 139,492 1,756 3,014 150,072

No Action (PSIC) 6,834 323,553 375 0 330,762

5-10



TABLE 5.6

TOTAL COSTS FOR TESTING, EREDGING AND DISPOSAL,
COMPLIANCE INSPECTIONS AND MONITORING OF DREDGED MATERIAL 1/

1985-2000
($1,000)

Alternative Port Gardner Elliott Bay Commencement Bay Phase I

No action (PSIC) $76,194 4190,470 464,098 $330,762

Condition I 53,930 165,405 48,344 267,679

Condition II 19,104 161,556 23,398 204,058

Condition II 16,029 118,518 15,465 150,001

I/Assumptions and derivations of these costs are provided in EPTA. Also see
FEIS, section 4, regarding cost analysis caveats.

unconfined, open-water disposal (see EPTA for detailed calculations and
assumptions) would be compatible with PSDDA Site Condition II. Actual dredged
material volumes placed in unconfined, open-water disposal sites would be
established by project specific evaluations, as required by Federal and State
authorities. While the total cost of dredged material disposal would remain
higher under PSDDA than experienced prior to 1984 and 1985, when interim
criteriaj1/ were established for use of the disposal sites, the costs under
PSDDA would be substantially less than under the Puget Sound Interim Criteria
(PSIC) currently in effect. (The PSIC is associated with the PSDDA DEIS No
Action alternative.)

(9) Dredging and Dredged Material Disposal. The costs of maintaining and
constructing navigable waterways in Puget Sound waters has changed over the
past several years, with costs rising over time. Increased costs are due to a
variety of factors, but two of the more important in Puget Sound are the rise
in costs for dredging and disposal of dredged material and costs for environ-
mental evaluation of the material. The following analysis was undertaken to
determine how environmental testing costs and project costs (expressed as the
cost of dredging and disposal) have changed in the past 13 years in the Puget
Sound region. To accomplish this task, Seattle Harbor Navigation Project
maintenance dredging undertaken since 1979 is used as a case study indicator
of overall trends. This Federal maintenance dredging project represents one

of the most complete records of past dredging activity in Puget Sound and is
fairly representative of overall dredging experience, particularly for moder-

ate to large-size projects. A full Sound-wide study of all historical proj-
ects was not possible due to incomplete data and lack of resources to conduct
such a study.
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Testing costs and the volume dredged are presented in table 5.7 and illustrated
in figure 5.1. The costs presented here were not adjusted for inflation (e.g.,
normalized to a base year), but are reported as actual costs for the year in
which they were incurred.

Testing costs between 1974 and 1984 were very low, averaging less than $0.01
per c.y. of material dredged. Part of the reason for the low testing costs
was the fact that the only problem area of concern was potential water column
effects. Most of the testing undertaken was to assess the availability of
contaminants to the water column. Another reason for the low project-specific
costs is that several large dredging studies were conducted during this time
period in Grays Harbor, Commencement Bay, and elsewhere in the nation which
addressed many of the specific questions about dredging and water column
effects. Findings from these studies were applied to all projects in the
region, and reduced the need for project-specific testing and testing costs.
Major studies included the Anacortes Dredging Study in 1970, Northwest Dredg-
ing Effects Study in 1974 (conducted by EPA), the Budd Inlet/Olympia Harbor
study in 1975, the Grays Harbor Dredging Effects Study (1974-1976), the
Dredged Material Research Program (DMRP) Duwamish River Sediment study done
between 1976 and 1980, and the Bellingham study in 1980. Funds expended on
these effects studies exceeded $1.5 million.

Following adoption of the Fourmile Rock Interim Criteria (FRIC) in 1984 for
disposal at the existing Elliott Bay site, project-specific environmental
testing costs began to rise rapidly. The focus of sediment evaluation shifted
from water column effects to potential effects related to the dredged material
itself; particularly to chemicals of concern that might be associated with the
material. An intensive sampling scheme (one core for every 4,000 c.y.) was
required and both chemical and biological testing of the material to be S
dredged. Material from two Seattle Harbor maintenance dredging actions have
been tested since adoption of the ERIC. Environmental testing for these two
projects cost $0.30 per c.y. in 1986 and $0.77 per c.y. in 1987 (table 5.7;
figure 5.1). Currently, dredged material released at all disposal sites are
subject to the PSIC. The FRIC no longer applies as the Elliott Bay disposal
site is now closed (closed June 7, 1987).

Although no actual projects have been subjected to the PSDDA evaluation pro-
cedures, several case studies were considered in order to assess potential
cost impacts of the PSDDA procedures. The projects selected were all from the
Seattle area and included three projects from the Duwamish River. The case
studies indicate that PSDDA would result in a change in testing costs relative
to costs associated with testing under the FRIC.2/ Testing costs under
PSDDA were estimated from the case studies to range from a high of $1.00 per
c.y. to a low of $0.26 per c.y. The change in testing costs range from either
an increase (up by 34 percent) or a decrease (down by 32 percent) depending on
project-specific attributes.

1/See EIS Section 2.
2/When compared with what might have been the result under PSIC, the changes

would be expected to be similar.
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TABLE 5.7
SEATTLE HARBOR NAVIGATION MAINTENANCE DREDGING:

ENVIRONMENTAL TESTING COSTS

Testing Volume Costs Per c.y.

Year Costs Dredged (c.y.) (W/c.y.)

1974-75 $2,500 (1) 287,000 40.0087

1976 500 340,000 0.0015

1977 -- (2) 270,000 0.0000

1978 -- (2) 196,000 0.0000

1979-80 1,000 (3) 205,000 0.0048

1981 -- (2) 120,000 0.0000

1982 No Dredging

1983 500 126,000 0.0040

1984 1,000 88,000 0.011

1985 (4) No Dredging

1986 41,350 137,000 0.30

1987 64,000 83,000 0.77

(1) Costs included testing in 1974 ($500) and in 1975 (42,000).
(2) No testing for project dredged.
(3) Costs included testing in 1979 ($500) and in 1979 ($500).
(4) Fourmile Rock Interim Criteria (FRIC) became effective in 1984 for

projects to be disposed at the existing Elliott Bay unconfined, open-water
disposal site. The disposal site was closed in 1985 due to an appeal of the
city of Seattle shoreline permit granted to DNR for public use of the site,
and reopened in 1986. Disposal in 1986 and 1987 was subject to the FRIC. The
Elliott Bay site closed again on June 7, 1987 with expiration of the shoreline
permit.
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Of the four projects used in the case study, one was Seattle Harbor mainte-
nance dredging (included in data presented in table 5.7). In that project
(for the year 1986), environmental testing costs would have been reduced from
the actual $0.28 per c.y. to estimated $0.25 per c.y. had the PSDDA evaluation
procedures been used.

As with testing costs, data from maintenance dredging and disposal- / from
the Seattle Harbor (Duwamish River) were used to suggest overall trends for
the Phase I area. Costs associated with dredging and disposal are presented
in table 5.8 and illustrated in figure 5.2.

As shown in table 5.8, dredging and disposal costs have risen over the past
12 years, going from about $1.00 per c.y. dredged to over $3.00/c.y. This
increase in costs reflects a number of factors, including inflation, a large
increase for equipment, manpower, and fuel costs, and lack of available
disposal sites.

For the year 1986, 25 percent of the maintenance dredging volume was required
to be placed in a confined disposal site based on the results of environmental
testing required under the interim criteria. This resulted in a substantial
increase in disposal costs (and overall project costs) (figure 5.2). The cost
analysis study suggests that significant volumes of dredged material, that
might otherwise have been placed at an unconfined, open-water disposal site,
would not meet the FRIC. Even less would be expected to pass PSIC. The
result has been signficant increases in total projects costs.

Based on the evaluation of the 1986 Seattle maintenance work, all of the
dredged material associated with this project could be allowed for unconfined,

5 open-water disposal under the PSDDA evaluation procedures, rather than the
25 percent required for confined disposal under FRIC. Allowing all the mate-
rial to go to unconfined, open-water disposal would result in a cost savings
of approximately $108,000 in total project costs (figure 5.2). Overall, the
trend expected under the PSDDA evaluation procedures would be to lower dredg-
ing and disposal costs over those experienced since FRIC and PSIC were intro-
duced. This is because more material is expected to be found acceptable for
open-water disposal with the PSDDA evaluation procedures which are intended to
ensure site management Condition II is not exceeded.

(10) Esthetics and Recreational Use. Disposal operations at the
selected sites would temporarily disrupt the viewscape esthetic quality of the

surface water area at the disposal site. Though intermittent disruptions
would occur, no long term or persistent effects are anticipated. Recreational

use of the sites themselves is limited to occasional vessel traffic and recre-
ational fishing activity, addressed in 5.02a(7)(8) above. Recreational

enjoyment of individuals using nearby beaches and cliffs may be reduced or
enhanced during disposal operations, depending on personal preferences.

I/This includes all costs, including testing, environmental studies,
dredging, transportation, etc.
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TABLE 5.8
SEATTLE HARBOR NAVIGATION MAINTENANCE DREDGING:

COST FOR DREDGING AND DISPOSAL 1/

Dredging and Disposal Volume Costs
Costs Dredged Per c.y. Disposal

Year () (c.y.) (/c.y.) Method

1975 309,887 287,000 1.08 Open Water

1978 290,515 196,294 1.48 Open Water

1980 280,730 205,578 1.37 Open Water

1981 284,000 120,500 2.35 Open Water

1984 320,000 120,000 2.67 Open Water

1986 253,815 103,598 2.45 Open Water
191,348 33,637 5.68 Confined/Upl.

1987 2/ 165,000 80,160 2.06 Open Water

1/Actual costs, not adjusted for inflation.
2/Estimated costs.
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(11) Puget Sound Water Quality Comprehensive Plan. The Puget Sound
Water Quality Comprehensive Plan was adopted December 17, 1986. The contami-
nated sediment and dredging program of the plan contains a sediment program

goal "to reduce and ultimately eliminate adverse effects on biological
resources and humans from sediment contamination throughout the Sound by

reducing or eliminating discharges of toxic contaminants and by capping,
treating, or removing contaminated sediments." The plan also adopts the
following policies which shall be followed by all State and local agencies in
actions affecting sediment quality, including rulemaking, setting priorities
for funding and action, and developing permit programs:

"All government actions will lead toward eliminating the
presence of sediments in the Puget Sound basin that cause
observable adverse effects to biological resources or pose a
serious health risk to humans."

"Programs for management of dredging and disposal of
sediments should result in a net reduction in the exposure
of organisms to adverse effects. The intent of this policy

is that dredging and disposal contribute to the cleanup of
the sound by allowing unconfined open water sites to have
only low levels of contamination and to dispose of more
contaminated sediments in a manner that prevents continued
exposure of organisms to adverse effects. For proposals
where dredging will expose contaminated sediments,
project-specific mitigation may be required."

"Remedial programs (which may include capping in place)
shall be undertaken when feasible to reduce, with the intent
of eliminating, the exposure of aquatic organisms to
sediments having adverse effects."

The PSDDA selected alternatives are consistent with this goal and these
policies (see section 4).

b. Effects of Disposal: Nonselected Disposal Sites and Site Conditions.

Major trends and differences between the selected and nonselected alterna-
tives, including the No Action alternative, are summarized below.

The nonselected sites are all located in areas that are considered to be
relatively more dispersive than the selected sites (the only exception to this
being the Port Gardner backup site (PG 3) in Saratoga Passage). Using the
nonselected sites would generally increase the potential for long-term
transport of the dredged material outside the disposal sites, with possible
consequent effects to offsite resources. In addition, the nonselected site 2
in Port Gardner contains more crabs that would be buried or displaced if this
site were used.

Selection of Site Condition I as the management condition for the unconfined,
open-water disposal sites would have shifted more dredged material to the
other disposal options, resulting in greater effects on land and nearshore
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environments. This alternative would decrease adverse effects in water and
increase costs of dredging relative to the preferred alternative. Site
Condition III would shift adverse effects of dredged material disposal away
from land and back to water. Acute toxicity would be possible at the
unconfined, open-vater sites. Overall dredging costs would be decreased
relative to those of the preferred alternative. Land and shore impacts would
also be reduced.

The No Action alternative would result in the least impact on the aquatic
environment and the highest costs for dredging and disposal of any alterna-
tive. The aquatic resources would remain essentially as described in section
3, subject to adverse effects from other human and natural activities. On the
other hand, adverse effects from dredged material disposal on the upland and
nearshore environments would be greater than all the other alternatives.

c. Effects of Dredging and Indirect Effects. Waterways used for naviga-
tion in Puget Sound have been impacted in the past, and will continue to be
impacted in the future, by dredging. The adverse effects resulting at the
dredging area would continue to occur with all of the alternatives considered
(including the No Action alternative), since PSDDA is primarily addressing the
disposal aspects of dredging. To the extent that some of the alternatives (No
Action and Site Condition I) represent significant cost increases for dredg-
ing, some projects may no longer be economically feasible under these alterna-
tives.i/ Alternately, alternatives (Site Condition III) representing a
significant cost savings from past activities may result in additional
dredging adtivity and related environmental effects. For all alternatives
except the No Action alternative, these decreases in dredging activity are not
expected to be significant. Consequently, adverse effects associated with
dredging are not expected to differ significantly among alternatives. Only

* the No Action alternative would be expected to noticeably alter the dredging
patterns and trends presently observed in Puget Sound with a possible decrease
in dredging-related effects.

Indirect effects of the alternatives include the effects of related navigation
and development at both dredging sites and land/shore disposal sites. Again,
only the No Action alternative would significantly reduce the extent of these
effects.

5.03 Probable, Irreversible, and Irretrievable Commitments of Resources. Use
of the selected disposal sites would result in an intermittent and temporary
degradation of the quality of the sites' air, noise and water resources.
Additionally, intermittent use of the water surface area of the sites during
disposal operations represents a commitment that may not always be in agree-
ment with unforeseen future plans for the area. However, neither of these
commitments is irretrievable.

1/An assessment of project-specific effects was beyond the scope of PSDDA.
Accordingly, the actual cost impacts associated with the No Action alternative
may be understated, as all material not acceptable for unconfined, open-water
disposal was assumed to be placed in a confined disposal site. I.e., it was
assumed that all dredging projects would be undertaken.
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Designation of the selected sites for dredged material disposal would commit
to this use, for the life of the sites (judged to be in excess of 15 years),
1,043 acres of benthic aquatic habitat. Fauna at the sites would be buried.
Benthic production associated with the sites would be decreased. However,
habitat and production values of the sites are not irretrievably lost. Par-
tial recolonization of sites would occur when the disposal sites are not being
used and full recolonization Is expected in the event of site abandonment.
Site specific studies at the existing DNR sites during PSDDA field work
documented recovery of benthic resources at the Fourmile Rock site (section
3.03b(2)), and crab and shrimp resources at the Port Gardner DNR site (figures
3.21 and 3.24). As noted above, benthic recovery would occur during fishery
closure periods or whenever the site is not used for a period of time. For
the nonselected alternatives involving Site Condition III, recovery of the
sites could be impeded by the presence of acutely toxic sediments. Time to
recovery would be expected to be greater than for the preferred alternatives,
and would be dependent on the nature of the sediments at the site and on the
rate of natural sedimentation. The possibility of covering the site with
cleaner material after abandonment could be used to enhance the rate of
recovery should this alternative be selected.

Plants and animals buried by upland and intertidal disposal of material that
is unacceptable for unconfined, open-water disposal are irretrievably lost.
Ecological functions of lands filled may also be lost. While these sites are
technically not irreversibly committed, in that removal of dredged material is
possible with proper equipment, the lands have been committed to uses that
would be very costly to reverse, and other uses of the sites are frequently
precluded. Past experience indicates that any lands filled for the purpose of
industrial and business development are irreversibly and irretrievably
committed. 

Dredged material discharged to the open-water sites represents an irreversible
commitment of resources to the extent that the material was potentially useful
for beneficial uses or landfill. Again, though it is not technically impos-
sible to remove the material, retrieval would be very costly and beyond the
capabilities of usually available equipment.

Commitments of nonrenewable energy resources associated with the dredging pro-
gram would be irreversible. In addition, the labor and capital necessary to
conduct dredging operations would be irreversibly committed. This includes
the dredging equipment, administrative personnel, and both skilled and non-
skilled labor. However, energy and other commitments for individual dredging
projects are decided by separate economic and social factors. Commitments of
human resources would be essentially identical for all the PSDDA alternatives.

5.04 The Relationship Between Short-term Use of Man's Environment and The
Maintenance and Enhancement of Long-term Productivity. The natural charac-
teristics of central Puget Sound have been substantially altered in the past
century due to settlement and expansion of Euro-American populations, princi-
pally clustered in the present-day urban bays. Prior human occupation had not
notably impacted the Sound's environment. Development and maintenance of
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navigation channels has contributed to an unknown extent to the impacts on the
biological resources of the Sound. These actions have generally been benefi-
cial to the socioeconomic system, although at the expense of localized bio-

* logical production. Use of the region's resources has been enhanced,
resulting in development and maintenance of stable urban communities. Both
beneficial and adverse effects to the environment have resulted from these
developments.

Development and maintenance of navigation waterways and associated disposal of
dredged material at the open-water sites are largely short-term uses of the
environment. From the human environment perspective, navigation maintains and
enhances the socioeconomic conditions of the area by providing low cost trans-
portation, job security and economic stability to industries linked to ship-
ping. Many indirect benefits to local and regional economies result from
these activities.

From the biological environment perspective, long-term productivity of the
Sound is neither enhanced nor maintained by the use of the selected sites.
Long-term losses foreclosed by the proposed short-term uses include removal of
aquatic habitats and displacement of species that utilize those habitats.
Similar losses are experienced on land and shore for the other disposal
options. Given the relatively small portion of the central Sound that would
be impacted by disposal at the selected sites, measurable or significant
reductions in regional productivity are not anticipated. And though the lost
productivity is not recoverable, the sites can return to production after
their use is ended.

Increased environmental sensitivity and knowledge, coupled with more stringent
environmental controls being enacted and enforced by agencies with jurisdic-
tion, should result, in the long term, in reduced introduction of contaminants
from human sources to the Sound. As improved pollution source control reduces
the release of contaminants into the nearshore areas of Puget Sound, overall
improvement in sediment quality will follow. This should be reflected in a
gradual improvement in disposal site conditions too.

5.05 Mitigation and Amelioration of Adverse Effects. The selected sites have
been located to avoid significant adverse effects (per NEPA) while meeting the
in-water disposal needs of Puget Sound dredging. Site location and site
management provisions are expected to mitigate any potential biological
resource and human use conflict problems. In maintaining the selected site
condition, only acceptable dredged material would be discharged into the Phase
I area disposal sites. Environmental monitoring of the disposal sites would
allow for verification of anticipated conditions and provide a basis for site
management changes if the monitoring demonstrates changes are needed.

The primary mitigation feature of the PSDDA plan is embodied in the siting
process. The alternative sites are generally located away from shorelines,
resources, and other amenities to preserve and maintain these resources by
avoiding adverse effects due to dredged material disposal. Where complete
avoidance was not possible (e.g., benthic invertebrates), the sites were
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located to minimize the possible adverse effects. A minimum number of sites
were identified to minimize the possible extent of bottom impacts throughout
the Sound. Additionally, the sites are located in relatively nondispersive
areas to minimize the possible spread of effects beyond the disposal site
(including the dilution zone) via sediment transport. Special studies have
been undertaken of the Elliott Bay site in cooperation with the Washington
State Office of Archaeology and Historic Preservation as mitigation for ship-
wrecks found there (see FEIS exhibits C and D).

The adopted regional, effects-based disposal site management condition is
designed to avoid any future discharge of sediments containing unacceptable
levels of chemicals of concern and resulting in unacceptable adverse effects.
Chemical effects on biological resources at the unconfined, open-water dis-
posal sites would be minimized by the selected site condition. In combina-
tion with the environmental monitoring, the site condition will ensure that
there is no acute toxicity to sensitive species onsite and unacceptable
effects do not occur outside the disposal site. These management conditions
fully comply with the applicable provisions of the State Water Quality
Standards.

Another important mitigation feature of PSDDA is contained in the compliance
inspection and monitoring plans. Appropriate compliance inspections by the
PSDDA regulatory agencies will ensure that the site use conditions are met,
such that planned avoidance of adverse effects can be realized. Appropriate
disposal site environmental monitoring will provide needed verification of
predicted site conditions within and outside the established sites resulting
from the effects of dredged material disposal.

5-22



SECTION 6. PUBLIC INVOLVEMENT

6.01 Study Coordination/Public Involvement. Public involvement procedures of
- NEPA and SEPA were followed to ensure that issues of concern to the public

were properly addressed. The Puget Sound Estuary Program (PSEP) mailing list
of over 2,500 was used to inform interested agencies, organization, and indi-
viduals of study activities through newsletters and public meeting notices.
Periodic articles on PSDDA have also been included in the PSEP "Puget Sound
Notes," a bimonthly newletter.

During May 1985, PSDDA agencies held six public EIS scoping meetings in the
Puget Sound area (cities of Seattle, Everett, Tacoma, Olympia, Bellingham, and
Port Townsend). In addition, each of the three work groups conducted a number
of working sessions, sharing technical information and giving participants,
including citizens, representatives of ports, Indian tribes, environmental
groups, local governments, and other Federal and State agencies, opportunities
to make recommendations on work group outputs. Routine work group meetings
have been open to public participation, as well.

Several newsletters, containing updates on the status of PSDDA and information
on study findings, were published. The first newsletter included comments and
issues raised at the May 1985 public meetings and the PSDDA responses. The
second issue released in April 1986 contained preliminary study findings for
liv Pli e I area . A ilrd newsIlel icr wji.; dl;Irlil ,l i ii .l.'iti.try 1 98A t o

advise the public of the availability of the draft Phase I documenLs ard 'Ii
public meetings held in February 1988.

A major display on dredging was included as part of a Puget Sound exhibit by
the Seattle Aquarium. A "PSDDA" information brochure was provided to the
public attending the exhibit. Three public workshops were held in May 1986
where the preliminary findings were presented and the public given an oppor-
tunity to corment on these findings. Final public meetings were held in
Seattle and in Port Townsend to obtain public comments on the DEIS and other
draft Phase I documents.

PSDDA has been coordinated closely with the PSEP and the PSWQA. Joint funding
of common interest technical studies was accomplished with both of these
programs. Also, the PSDDA study director and others of the study team were
members of advisory committees established by PSEP and PSWQA. Similarly,
staff involved in the latter two programs attended PSDDA work group sessions.
Other coordination has included, but was not limited to, the following:

Federal
U.S. Army Corps of Engineers
U.S. Environmental Protection Agency
National Oceanic and Atmospheric Administration
National Marine Fisheries Service
U.S. Fish and Wildlife Service
U.S. Navy
U.S. Coast Guard
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State of Washington
Department of Natural Resources
Department of Ecology
Department of Transportation
Department of Fisheries
Department of Wildlife
Department of Commerce
Department of Social and Health Services
Parks and Recreation Commission
Puget Sound Water Quality Authority

Indian Tribes
Duwamish Tribal Office
Jamestown Klallam Tribes
Lower Elwha Tribal Council

lmmi Business Council
Muckleshoot Indian Tribe
Nisqually Indian Community
Nooksack Indian Tribal Council
Northwest Indian Fisheries Commission
Point No Point Treaty Council
Port Gamble Business Committee
Puyallup Tribal Council
Sauk-Suaittle Indian Tribe
Skokomish Tribal Council
Small Tribes of Western Washington
Squaxin Island Tribal Council
Stillaguamish Tribal Council
Suquamish Tribal Council
Swinomish Tribal Council
Tulalip Board of Directors
Upper Skagit Tribal Council

local Government
San Juan County
Mason County
Thurs ton County
Island County
Jefferson County
Whatcom County
Kitsap County
Snohomish County
King County
Pierce County
Clallam County
Skagit County
City of Bellingham
City of Everett
City of Seattle
City of Anacortes
City of Tacoma
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local Government (con.)
City of Olympia
City of Port Angeles
Association of Washington Cities
Association of Washington Counties
Puget Sound Council of Governments (PSCOG)
Municipality of Metropolitan Seattle (Metro)

Ports
Port of Edmonds
Port of Bellingham
Port of Everett
Port of Seattle
Port of Skagit County
Port of Anacortes
Port of Port Townsend
Port of Tacoma
Port of Port Angeles
Port of Bremerton
Port of Olympia
Washington Public Ports Association

Other Public Organizations
Washington Environmental Council
Puget Sound Alliance
Greenpeace
Friends of the Earth

6.02 Ky Federal Coordination Requirements. Special efforts were undertaken
pursuant to Federal NEPA coordination requirements with the following:

o U.S. Fish and Wildlife Service and National Marine Fisheries Service.
As these two Federal agencies have special responsibilities for fish and
wildlife protection, participation of agency representatives was sought and
obtained for the three PSDDA technical work groups where the basic PSDDA plan
elements were formulated. Both agencies were provided copies of the internal
PSDDA review draft documents in December 1986 and January 1987. Also both
agencies provided inputs and responded to the biological assessments and
coordination documents prepared for threatened and endangered species which
may be found in the vicinity of Phase I area disposal sites (see exhibit A to
this EIS). Comments by these agencies on the January 1988 draft documents are
contained in FEIS exhibits C and D.

o local Shoreline Jurisdictions and the State Shoreline's Office of
Ecology. In order to ensure compliance With the Federal Coastal Zone Manage-
ment Act special meetings were held with the Phase I area local governments
having shoreline jurisdiction over the Phase I area alternative disposal
sites. Also extensive coordination was accomplished through correspondence
and these Jurisdictions received the December 1986, January 1987, and January
1988 draft documents for review. Similar coordination was accomplished with
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Ecology's shoreline office. The National Coastal Zone Management Act (Public
Law 91-583: 86 Stat. 1280) was passed by the United States Congress in 1972.
Under this act:

"(1) Each Federal agency conducting or supporting activities directly
affecting the coastal zone shall conduct or support those activities in a
manner which is, to the maximum extent practicable, consistent with approved
state management programs.

(2) Any Federal agency which shall undertake any development project

in the coastal zone of a state shall insure that the project is, to the
maximum extent practicable, consistent with approved state management programs.

(3) After final approval by the secretary of a state's management
program, any applicant for a required Federal license or permit to conduct an
activity affecting land or water uses in the coastal zone of that state shall
provided in the application to the licensing or permitting agency a certifica-
tion that the proposed activity complies with the state's approved program and
that such activity will be conducted in a manner consistent with the program."

In June 1976, the State Coastal Zone Management Program (CZMP) was approved to
receive funding. The Washington State Shoreline Management Act (SNA) of 1971,
as passed by the State Legislature, provided "for the management of Washing-
ton's shorelines by planning and fostering all reasonable and appropriate
uses." The SMA and State CZMP are implemented through the Shoreline Master
Programs (SMP) of large municipalities and the counties. The management plan

for the PSDDA Phase I area is consistent with all applicable Puget Sound SMP's
and so satisfies consistency with State and Federal coastal zone management
requirements.

o Washington State Office of Archaeology and Historic Preservation.
During the disposal site evaluation process, careful consideration was given
to shipwrecks that might lie within or near the alternative disposal sites.
None were identified during the literature review accomplished in conjunction
with the site mapping used for site identification (see DSSTA). In March
1988, additional literature reviews and sidescan sonar studies of the selected
sites were conducted. 6hile this additional effort confirmed the absence of
shipwrecks at the Commencement Bay and Port Gardner sites, shipwrecks were
discovered at the Elliott Bay site. Coordination is continuing with the State
Office of Archaeology and Historic Preservation on the additional studies that
will mitigate for adverse impacts to the Elliott Bay shipwrecks (see FEIS
exhibits C and D).

o Phase I Area and Other Indian Tribes. Special coordination was
undertaken with the Indian tribes having treaty fishing rights to avoid, to
tne maximum possible, conflicts with treaty fishing activities. Meetings were
held with tribal representatives of the Muckleshoot, Tulalip, Suquamish, and
Puyallup tribes. These tribes were also provided the December 1986 and
January 1987 internal PSDDA review draft documents and the January 1988 public
review draft documents for comment. Adjustments were made in plan elements in
response to tribal inputs (see section 2 of this EIS).

6-4



6.03 Remaining Coordination. Further coordination with interested parties

took place during and subsequent to the public review of the DEIS and other
Phase I draft documents. Public meetings on the draft documents were held on
10 and 11 February 1988.

6.04 Environmental Impact Statement Recipients. The DEIS was distributed to
over 500 organizations and Individuals for a 45-day public review in accord-

ance with Federal and State of Washington environmental policy acts. The list
of recipients is on file at the Seattle District, U.S. Army Corps of Engi-

neers, and can be obtained by contacting Mr. Frank J. Urabeck, PSDDA Study
Director. This FEIS has been provided to all recipients of the DEIS.

6.05 Public Views and Responses. Comments on the DEIS and responses by the
PSDDA agencies are contained in exhibit C to this EIS.
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SECTION 7. LIST OF EIS COt TRIBUTORS

Frank J. Urabeck P.E., Civil Engineer
B.S., Civil Engineering, 1962
University of Washington

M.A., Economics, 1975
University of Maryland

10 years, navigation planning, Corps of
Engineers;

16 years, water resources development,
Corps of Engineers (14); and
Department of Interior (2)

Keith Phillips B.S., Oceanography, 1977
University of 1.ashington

10 years, oceanography and
environmental planning, Corps of
Engineers

Dr. David R. Kendall Ph.D., Benthic Ecology, 1978
Emory University

5 years, environmental effects of
dredging research, Corps of Engineers
(WES)

3 years, environmental planning and
biology, Corps of Engineers

3 years, contaminant research, Skidaway
Institute of Oceanography

2 years, environmental regulation

Dr. Stephen Martin Ph.D., Invertebrate Ecology, 1971
University of Washington

12 years, environmental planning and
biology, Corps of Engineers;

4 years, invertebrate aquaculture,
Atomic Energy Commission

Brian Ross M.S., Fisheries, 1982
University of Washington

3 years, environmental review
EPA Seattle/Alaska

1 year, environmental science,
Jones and Stokes, Inc.

2-1/2 years, fishery biology,
University of Washington

Carl Kassebaum P.E., Civil Engineer
M.S., Civil Engineeriag, 1973

University of Washington
14 years, environmental regulation,
planning and compliance, EPA
(12 Seattle, 2 Iash. D.C.)
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Steve Tilley M.S., Public Health, 1973
University of North Carolina

12 year6, environmental resource
management, Wash. Dept. of Natural
Resources (6), Wash. Dept. of Ecology
(2), Lewis County (3), Wahkiakuu

County (1)

Justine Smith M.A., Marine Affairs, pending 1987

University of Washington

B.S., Biology, 1984, Duke University

3 years, marine planning and policy,
National Oceanic and Atmospheric
Administration

Catherine Krueger M.A., Marine Resource Management, 1984,
University of Washington

B.S., Biology, 1980, Warren Wilson
College

3 years, marine resource management and

policy, EPA
3 years, fishery biology, National
Marine Fisheries Service, Alaska

Dr. David Jamison Ph.D., Marine Pollution, 1970
University of Ivashington

N.S., Zoology, 1966
University of Washington

11 years, marine research and aquatic
lands management, Washington Depart-
ment of Natural Resources

3 years, forest research management,
Washington Department of Ecology

4 years, oil pollution studies,

Washington Department of Ecology

Jim Thornton B.A., Psychology, 1969
Eastern Lashington State College

12 years, environmental regulation and
policy planning, 'ashington Department

of Ecology

Dr. D. Michael Johns Ph.D., Biological Oceanography, 1980
University of South Carolina

15 years, contaminant fate and effects,
Tetra Tech Inc. (1); EPA Narragansett

(10); and Belle W. Baruch Institute (4)
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GLOSSARY OF TERMS AND ABBREVIATIONS



PUGET SOUND DREDGED DISPOSAL ANALYSIS (PSDDA)
GLOSSARY OF TERMS

Amph4Lds. Small shrimp-like crustaceans (for example, sand fleas). Many
liventhe bottom, feed on algae and detritus, and serve as food for many
marine species. Amphipods are used in laboratory bloassays to test the toxic-
ity of sediments.

Apparent Effects Threshold. The sediment concentration of a contaminant above
which statistically significant biological effects would always be expected.

Area Ranking. The designation of a dredging area relative to its potential
for having sediment chemicals of concern. Rankings range from "low" potential
to "high" potential, and are used to determine the intensity of dredged mate-
rial evaluation and testing that ight be required.

Baseline Study. A study designed to document existing environmental con-
ditions at a given site. The results of a baseline study nay be used to
document temporal changes at a site or document background conditions for com-
parison with another site.

bathymetry. Shape of the bottom of a water body expressed as the spatial pat-
tern of water depths. Bathymetric maps are essentially topographic maps of
the bottom of Puget Sound.

Benthic Organisms. Organisms that live in or on the bottom of a body of water.

Bioaccumulation. The accumulation of chemical compounds In the tissues of an
organism. For example, certain chemicals in food eaten by a fish tend to
accumulate In its liver and other tissues.

Boasaay. A laboratory test used to evaluate the toxicity of a material
(comonly sediments or wastewater) by measuring behavioral, physiological, or
lethal responses of organisms.

Biota. The animals and plants that live In a particular area or habitat.

Bottom-Dump Barge. A barge that disposes of dredged material by opening along
a center seam or through doors in the bottom of the barge.

Bottomfish. Fish that live on or near the bottom of a body of water, for
emample, English sole.

Bulk Chemical Analyses. Chemical analyses performed on an entire sediment

sample, without separating water from the solid material in a sample.

Capping. See confined aquatic disposal.
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Carcinoxenic. Capable of causing cancer.

Clamshell Dredging. Scooping of the bottom sediments using a mechanical clam-
shell bucket of varying size. Commonly used in over a wide variety of grain
sizes and calm water, the sediment is dumped onto a separate barge and towed
to a disposal site when disposing in open water.

Code of Federal Regulations. The compilation of Federal regulations adopted
by Federal agencies through a rule-aking process.

Compofting. Mixing sediments from different samples to produce a composite
sample for chemical and/or biological testing.

Confined Disposal. A disposal method that isolates the dredged material from
the environment. Confined disposal may be in aquatic, nearshore, or upland
environments.

Confined Aquatic Disposal (CAD). Confined disposal in a water environment.
Usually accomplished by placing a layer of sediment over material that has
been placed on the bottom of a water body (i.e., capping).

Contaminant. A chemical or biological substance in a form or in a quantity
that can harm aquatic organisms, consumers of aquatic organisms, or users of
the aquatic environment.

Contaminated Sediment.

Technical Definition: A sediment that contains measurable levels of
contaminants.

Management or Common Definition: A sediment that contains sufficient
concentration(s) of chemicals to produce unacceptable adverse environmental
effects and thus require restriction(s) for dredging and/or disposal of
dredged material (e.g., is unacceptable for unconfined, open water disposal or
conventional land/shore disposal, requiring confinement).

Conventional Nearshore Disposal. Disposal at a site where dredged material is
placed behind a dike in water along the shoreline, with the final elevation of
the fill being above water. "Conventional" disposal additionally means that
special contaminant controls or restrictions are not needed.

Conventional Pollutants. Sediment parameters and characteristics that have
been routinely measured in assessing sediment quality. These include sulfides,
organic carbon, etc.

Conventional Upland Disposal. Disposal at a site created on land (away from
tidal waters) in which the dredged material eventually dries. Upland sites
are usually diked to confine solids and to allow surface water from the
disposal operation to be released. "Conventional" disposal additionally means
that special contaminant controls or restrictions are not needed.

2



Depositional Analysis. A scientific inspection of the bottom sediments that
identifies wiere natural sediments tend to accumulate.

Depoitiona Are. An underwater region where material sediments tend to

Disposal. See confined disposal, conventional nearshore disposal, conventional
upland isposal, and unconfined, open-water disposal.

Disposal Site. The bottom area that receives discharged dredged material;
encompassing, and larger than, the target area and the disposal zone.

Disposal Site Work Group. The PSDDM work group that is designating locations
for open-water unconfined dredged material disposal sites that are
environmentally acceptable and economically feasible.

Disposal Zone. The area that is within the disposal site that designates where
surface release of dredged material will occur. It encompasses the smaller

target area. (See also "target area" and "disposal site".)

Dredged Material. Sediments excavated from the bottom of a waterway or water
body.

Dredged Material Management Unit. The maximum volume of dredged material for
which a decision on sultabirity for unconfined open-water disposal can be made.
Management units are typically represented by a single set of chemical and
biological test information obtained from a composite sample. Management
units are smaller in areas of higher chemical contamination concern (see "area
ranking").

Dredger. Private developer or public entity (e.g., Federal or State agency,
port or local government) responsible for funding and undertaking dredging
projects. This is not necessarily the dredging contractor who physically
removes and disposes of dredged material (see below).

Dredging. Any physical digging into the bottom of a water body. Dredging can
be done with mechanical or hydraulic machines and is performed in many parts
of Puget Sound for the maintenance of navigation channels that would otherwise
fill with sediment and block ship passage.

Dredging Contractor. Private or public (e.g., Corps of Engineers) contractor

or operator who physically removes and disposes of dredged material for the
dredger (see above).

Disposal Site Work Group. The PSDDA work group that is designating locations
for open-water unconfined dredged material disposal sites that are environ-
mentally acceptable and economically feasible.

Ecosystem. A group of completely interrelated living organisms that interact

with one another and with their physical environment. Examples of ecosystems
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are a rain forest, pond, and estuary. An ecosystem, such as Puget Sound, can
be thought of as a single complex system. Damage to any part may affect the
whole. A system such as Puget Sound can also be thought of as the am of many
interconnected ecosystems such as the rivers, wetlands, and bays. Ecosystem
is thus a concept applied to various scales of living comunities and signify-
lng the interrelationships that must be considered.

Effluent. Effluent Is the water flowing out of a contained disposal facility.
To distinguish from "runoff" (see below) due to rainfall, effluent usually
refers to water discharged during the disposal operation.

Elutriate. The extract resulting from mixing water and dredged material In a
laboratory test. The resulting elutriate can be used for chemical and bio-
logical testing to assess potential water column effects of dredged material
disposal.

Entrainment. The addition of water to dredged material during disposal, as it

descends through the water column.

Environmental Impact Statement. A document that discusses the likely signifi-
cant environmental impacts of a proposed project, ways to lessen the impacts,
and alternatives to the proposed project. EIS's are required by the National
and State Environmental Policy Acts.

Erosion. Wearing away of rock or soil via gradual detachment of soil or rock
fragments by water, wind, ice, and other mechanical and chemical forces.

Estuary. A confined coastal water body where ocean water is diluted by
inflowing fresh water, and tidal mixing occurs.

Evaluation Procedures Work Group. The PSDDA work group that is developing
chemical and biological testing and test evaluation procedures for dredged
material assessment.

Gravid. Having eggs, such as female crabs carrying eggs.

Ground Water. Underground water body, also called an aquifer. Aquifers are
created Vy rain which soaks into the ground and flows down until it collects
at a point where the ground is not permeable.

Habitat. The specific area or environment in which a particular type of plant
or animal lives. An organism's habitat provides all of the basic requirements
for life. Typical Puget Sound habitats include beaches, marshes, rocky shores,
bottom sediments, mudflats, and the water itself.

Hazardous Waste. Any solid, liquid, or gaseous substance which, because of
its source or measurable characteristics, is classified under State or Federal
law as hazardous, and is subject to special handling, shipping, storage, and
disposal requirements. Washington State law identifies two categories of
hazardous waste: dangerous and extremely hazardous. The latter category is
more hazardous and requires greater precautions.
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Hopper Dredge. A hydraulic auction dredge that is used to pick up coarser
grain &dTients (such as sand), particularly in less protected areas with sea
swell. Dredged materials are deposited in a large holding tank or "hopper" on
the same vessel, and then transported to a disposal site. The hopper dredge
Is rarely used In Puget Sound.

Hydraulic Dredging. Dredging accomplished by the erosive force of a water
auction and slurry process, requiring a pump to move the water-suspended sedi-
ments. Pipeline and hopper dredges are hydraulic dredges.

Hydraulics Project Approval. RCW 75.20.100 Approval from the Washington
Department of Fisheries and Washington Department of Wildlife for the use,
diversion, obstruction or change in the natural flow or bed of any river or
stream, or that will use any salt or fresh waters of the State.

Hrdraullcal D g Material. Material, usually sand or coarser grain, that
s brought up by a pipeline or hopper dredge. This material usually includes

slurry water.

Hydrocarbon. An organic compound composed of carbon and hydrogen. Petroleum
and its derived compounds are hydrocarbons.

Infauna. Animals living in the sediment.

Intertidal Area. The area between high and low tide levels. The alternate
wetting and drying of this area makes it a transition between land and water
organisms and creates special environmental conditions.

Leachate. Water or other liquid that may have dissolved (leached) soluble
Se materials, such as organic salts and mineral salts, derived from a solid mate-

rial. Rainwater that percolates through a sanitary landfill and picks up con-
taminants is called the leachate from the landfill.

Local Sponsor. A public entity (e.g., port district) that sponsors Federal
navigation projects. The sponsor seeks to acquire or hold permits and approv-
als for disposal of dredged material at a disposal site.

Loran C. An electronic system to facilitate navigation positioning and course
plotting/tracking.

Management Plan Work Group. The PSDDA work group is developing a management
plan for each of the open-water dredged material disposal sites. The plan
will define the roles of local, State, and Federal agencies. Issues being
addressed include: permit reviews, monitoring of permit compliance, treatment
of permit violations, monitoring of environmental impacts, responding to
unforeseen effects of disposal, plan updating, and data management.

Material Release Screen. A laboratory test proposed by PSDDA to assess the

potential for loss of fine-grained particles carrying chemicals of concern
from the disposal site during disposal operations.
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Mechanical Dt4gdt!1. Dredging by digging or scraping to collect dredged mate-
rilts. A cimshtel dredge is a mechanical dredge. (See 'hydraulic dredging.")

Metals. Metals are naturally occurring elements. Certain metals, such as
mrcury, lead, nickel, zinc, and cadmium, can be of environmental concern when

they are released to the eviroment in unnatural amounts by man's activities.

Microlayer, Sea Surface Microlayer. The extremely thin top layer of water

that can contain high concentrations of natural and other organic substances.
Contaminants such as oil and grease, many lipophylic (fat or oil associated)
toxicants, and pathogens may be present at much higher concentrations in the
aicrolayer than they are in the water column. Also the aicrolayer is bio-
logically important as a rearing area for marine organisms.

Microtox. A laboratory test using luminescent bacteria and measuring light
production, used to assess toxicity of sediment extracts.

Molt. A complex series of events that results in the periodic shedding of the
skeleton, or carapace by crustaceans (all arthropods for that matter). Molting

is the only time that many crustaceans can grow and mate (particularly crabs).

Monitor. To systematically and repeatedly measure something in order to detect
cansges or trends.

Nutrients. Essential chemicals needed by plants or animals for growth.

Excessive amounts of nutrients can lead to accelerated growth of algae and
subsequent degradation of water quality due to oxygen depletion. Some
nutrients can be toxic at high concentrations.

Overdepth Material. Dredged material removed from below the dredging depth
needed for safe navigation. Through overdepth is incidentally removed due to
dredging equipment precision, its excavation is usually planned as part of the

dredging project to ensure proper final water depths. Comon overdepth Is
2 feet below the needed dredging line.

Oxygen Demanding Materials. Materials such as food waste and dead plant or
animal tissue that use up dissolved oxygen in the water when they are degraded
through chemical or biological processes. Chemical and biological oxygen

demand (COD and BOD, respectively) are different measures of how much oxygen
demand a substance has.

Parameter. A quantifiable or measurable characteristic of something. For

example, height, weight, sex, and hair color are all parameters that can be
determined for humans. Water quality parameters include temperature, pH,
salinity, dissolved oxygen concentration, and many others.

Pathogen. A disease-causing agent, especially a virus, bacteria, or fungi.

Pathogens can be present in municipal, industrial, and nonpoint source dis-
charges to the Sound.
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Permit. A written warrant or license, granted by an authority, allowing a
particular activity to take place. Permits required for dredging and disposal
of dredged material include the U.S. Army Corps of Engineers Section 404
permit, the Washington State Department of Fisheries Hydraulics Permit, the
city or county Shoreline Development Permit, and the Washington Department of
Natural Resources Site Use Disposal Permit.

Persistent. Compounds that are not readily degraded by natural physical,
chemical, or biological processes.

Pesticide. A general term used to describe any substance, usually chemical,
used to destroy or control organisms (pests). Pesticides include herbicides,
insecticides, algicides, and fungicides. Many of these substances are
manufactured and are not naturally found in the environment. Others, such as
pyrethrum, are natural toxins which are extracted from plants and animals.

pH. The degree of alkalinity or acidity of a solution. Water has a pH of
7.0. A pH of less than 7.0 indicates an acidic solution, and a pH greater
than 7.0 indicates a basic solution. The pH of water influences many of the

types of chemical reactions that occur in it. Puget Sound waters, like most
marine waters, are typically pH neutral.

Phase I. The PSDDA study is divided into two, 3-year long, overlapping
phases. Phase I covers the central area of Puget Sound including Seattle,
Everett, and Tacoma. Phase I began in April 1985.

Phase II. The PSDDA study is divided into two, 3-year long, overlapping
phases. Phase II covers the north and south Sound (including, Olympia,
Bellingham, and Port Angeles)--the areas not covered by Phase I. Hood Canal

* is not being considered for location of a disposal site. Phase II began in
April 1986.

Pipeline Dredge. A hydraulic dredge that transports slurried dredged material

by pumping it via a pipe. (See "hydraulic dredge".)

Point Source. locations where pollution comes out of a pipe into Puget Sound.

Polychaete. A marine worm.

Polychlorinated Biphenyls. A group of manmade organic chemicals, including
about 70 different but closely related compounds made up of carbon, hydrogen,
and chlorine. If released to the environment, they persist for long periods
of time and can concentrate in food chains. PCB's are not water soluble and
are suspected to cause cancer in humans. PCB's are an example of an organic
toxicant.

Polycyclic (Polynuclear) Aromatic Hydrocarbon. A class of complex organic
compounds, some of which are persistent and cancer-causing. These compounds
are formed from the combustion of organic material and are ubiquitous in the
environment. PAH's are commonly formed by forest fires and by the combustion
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of fossil fuels. PAB's often reach the environment through atmospheric fall-
out, highway runoff, and oil discharge.

Priority Pollutants. Substances listed by EPA under the Clean Water Act as
toxic and having priority for regulatory controls. The list includes toxic
metals, inorganic contaminants such as cyanide and arsenic, and a broad range
of both natural and artificial organic compounds. The list of priority pol-
lutants includes substances that are not of concern In Puget Sound, and also
does not include all known harmful compounds.

Nuget Sound Water Quality Authority . An agency created by the Washington State
legislature in 1985 and tasked with developing a comprehensive plan to protect
and enhance the water quality of Puget Sound. The Authority adopted its first
plan in January 1987.

Range Markers. Pairs of markers which, when aligned, provide a known bearing
to a boat operator. Two pairs of range markers can be used to fix position at
a point.

Regional Administrative Decisions. A term used in PSDDA to describe decisions
that are a mixture of scientific knowledge and administrative judgment. These
regionwide policies are collectively made by all regulatory agencies with
authority over dredged material disposal to obtain Sound-wide consistency.

Regulatory Agencies. Federal and State agencies that regulate dredging and
dredged material disposal in Puget Sound, along with pertinent laws/permits,
include:

U.S. Army Corps of Engineers

o River and Harbor Act of 1899 (Section 10 permits)

o Clean Water Act (Section 404 permits)

U.S. Environmental Protection Agency

o Clean Water Act (Section 404 permits)

Washington Department of Natural Resources

o Shoreline Management Act (site use permits)

Washington Department of Ecology

o Clean Water Act (Section 401 certifications)

o Shoreline Management Act (CZMA consistency determinations)

Washington Department of Fisheries

o Hydraulics Project Approval
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Washington Department of Wildlife (Formerly Washington Department of Game)

o Hydraulics Project Approval

Local shoreline Jurisdiction e.g., City of Seattle, City of Everett,
Pierce County

o Shoreline permit to non-Federal dredger/DNR

U.S. Fish and Wildlife Service (Key reviewing agency)

National Marine Fisheries Service (Key reviewing agency)

The Resource Conservation and Recovery Act. The Federal law that regulates
solid and hazardous waste.

Respiration. The metabolic processes by which an organism takes in and uses
oxygen and releases carbon dioxide and other waste products.

Revised Code of Washington. The compilation of the laws of the State of
Washington published by the Statute Law Committee.

Runoff. Runoff is the liquid fraction of dredged materials or the flow/seepage
caused by precipitation landing on and filtering through upland or nearshore
dredged material disposal sites.

Salmonid. A fish of the family Salmoniidae. Fish in this family include
salmon and trout. Many Puget Sound salmonids are anadromous, spending part of
their life cycles in fresh water and part in marine waters.

Sediment. Material suspended in or settling to the bottom of a liquid, such
as the sand and mud that make up much of the shorelines and bottom of Puget
Sound. Sediment input to Puget Sound comes from natural sources, such as
erosion of soils and weathering of rock, or anthropogenic sources, such as
forest or agricultural practices or construction activities. Certain contam-
inants tend to collect on and adhere to sediment particles. The sediments of
some areas around Puget Sound contain elevated levels of contaminants.

Site Condition. The degree of adverse biological effects that might occur at
a disposal site due to the presence of sediment chemicals of concern; the
dividing line between "acceptable" (does not exceed the condition) and
.unacceptable" (exceeds the site condition) adverse effects at the disposal
site. Other phrases used to describe site condition include "biological
effects condition for site management" and "site management condition."

Spot Checking. Inspections on a random basis to verify compliance with permit
requirements.
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Statistically Significant. A quantitative determination of the statistical

degree to which two measurements of the same parameter can be shown to be dif-
ferent, given the variability of the measurements.

Subtidal. Refers to the marine environment below low tide.

Suspended Solids. Organic or Inorganic particles that are suspended in water.
The term includes sand, mud, and clay particles as well as other solids sus-
pended in the water column.

Target Area. The specified area on the surface of Puget Sound for the dis-
posal of dredged material. The target area is within the disposal zone and
within the disposal site.

Toxic. Poisonous, carcinogenic, or otherwise directly harmful to life.

Toxic Substances and Toxicants. Chemical substances, such as pesticides,
plastics, detergents, chlorine, and industrial wastes that are poisonous,
carcinogenic, or otherwise harmful to life if found in sufficient
concentrations.

Treatment. Chemical, biological, or mechanical procedures applied to an
industrial or municipal discharge or to other sources of contamination to
remove, reduce, or neutralize contaminants.

Turbidity. A measure of the amount of material suspended in the water.
Increasing the turbidity of the water decreases the amount of light that pene-
trates the water column. Very high levels of turbidity can be harmful to
aquatic life.

Unconfined, Open-Water Disposal. Discharge of dredged material into an
aquatic environment, usually by discharge at the surface, without restrictions
or confinement of the material once it is released.

Variable Range Radar. Radar equipped with markers which allow measurement of
bearings and distances to known targets.

Vessel Traffic Service (VTS). A network of radar coverage for ports of Puget
Sound operated by the Coast Guard to control ship traffic. Host commercial
vessels are required to check in, comply with VTS rules, and report any change
in movement.

Volatile Solids. The material in a sediment sample that evaporates at a given
high temperature.

Washington Administrative Code. Contains all State regulations adopted by
State agencies through a rulemaking process. For example, Chapter 173-201 WAC
contains water quality standards.
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Water (elitz Certification. Approval given by Washington State Department of
Vology Wi E acknowlegesthe compliance of a discharge with Section 401 of
the Clean Water Act.

Waterways Experiment Station (WES). Corps of Engineers (Corps) research
facility located in Vicksburg, Mississippi, that performs research and support
projects for the various Corps districts.

Wetlands. Habitats where the influence of surface or ground water has resulted
in development of plant or animal communities adapted to such aquatic or
intermittently wet conditions. Wetlands Include tidal flats, shallow subtidal
areas, swamps, marshes, wet meadows, bogs, and similar areas.

Zoninx. To designate, by ordinances, areas of land reserved and regulated for
specilTic land uses.

#e
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ABBREVIATIONS

AZT. Apparent Effects Threshold.

CFR. Code of Federal Regulations.

Corps. U.S. Army Corps of Engineers.

CWA. The Federal Clean Water Act, previously known as the Federal Water
'P-lution Control Act.

DEIS. Draft Environmental Impact Statement.

DXRP. Dredged Material Research Program.

DNR. Washington Department of Natural Resources.

DSS TA. Disposal Site Selection Technical Appendix.

DSWG. Disposal Site Work Group.

Ecology. Washington Department of Ecology.

EIS. Environmental Impact Statement.

EPA. Environmental Protection Agency.

EPTA. Evaluation Procedures Technical Appendix.

EPWG. Evaluation Procedures Work Group.

FVP. Field Verification Program.

HPA. Hydraulics Project Approval. RCW 75.20.100.

ML. Maximum Level.

MPTA. Management Plans Technical Appendix.

MPW. Management Plan Work Group.

NEPA. National Environmental Policy Act.

PAH. Polycyclic (Polynuclear) Aromatic Hydrocarbon.

PCB's. Polychlorinated Biphenyls.

PMP. Proposed Management Plan.
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PSDDA. Puget Sound Dredged Disposal Analysis.

PSEP. Puget Sound Estuary Program.

PSIC. Puget Sound Interim Criteria.

PSWQA. Puget Sound Water Quality Authority.

RAD's. Regional Administrative Decisions.

RCRA. The Resource Conservation and Recovery Act.

RCW. Revised Code of Washington.

SEPA. State Environmental Policy Act.

SL. Screening Level.

SMA. Shoreline Mangement Act.

WAC. Washington Administrative Code.

WES. Waterways Experiment Station.

401. Section 401 of the Clean Water Act.

404. Section 404 of the Clean Water Act.

4MR. The Fourmile Rock DNR disposal site in Elliott Bay.
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r +V1- UNITED STATES DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE
Northwest Region
7600 Sand Point Way N.E.
BIN C15700, Building 1
Seattle, WA 98115

February 19, 1987 F/NWR5:AG

Mr. R. P. Sellevold
Chief, Engineering Division
Seattle District, Corps of Engineers
P.O. Box C-3755
Seattle, Washington 98124-2255

Dear Mr. Sellevold:

We have reviewed the Biological Assessment (BA) for the Puget

Sound Dredged Disposal Analysis (PSDDA). We concur with the

conclusion of the BA that Phase I of the study is unlikely to

affect species under jurisdiction of the National Marine

Fisheries Service (NMFS) that are listed under the Endangered

Species Act as threatened or endangered.

Unless new information should indicate otherwise, NMFS requires

no further consultation on Phase I of the PSDDA.

Sincerely,

,-Rolland A. Schmitten
Regional Director

%
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United States Department of the Interior

FISH AND WILDLIFE SERVICE

Olympia Field Office
2625 Parkmont Lane SW, B-2
Olympia, Washington 98502
206/753-9444 FTS 434-9444

March 25, 1987 Re: 1-3-87-1-122

Mr. R. P. Sellevold
Chief, Engineering Division
Seattle District, Corps of Engineers
PO Box C-3755
Seattle, Washington 98124-2255

Dear Mr. Sellevold:

This is in response to your February 4, 1987 letter transmitting
the biological assessment evaluating the possible effects to bald
eagles from the implementation of the proposed Puget Sound
Dredged Disposal Analysis study in Pierce, King and Snohomish
counties, Washington. The assessment analyzed possible impacts

& 0 from in-water dredged disposal at designated sites in
Commencement Bay, Elliott Bay, and Port Gardner.

We have reviewed your assessment and concur with your finding of
no effect to the bald eagle as a result of implementing the
proposed action. Therefore it is our opinion that the Corps has
complied with the requirements of Sections 7(a)(2) and 7(c) of
the Endangered Species Act of 1973, as amended, thereby con-
cluding the consultation process.

Sincerely,

James L. Michaels
Acting Field Supervisor

c: WDG (nongame)
WNHP
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NPSEN-PL-ER 29 January 1987

PUGET SOUND DREDGED DISPOSAL ANALYSIS
BIOLOGICAL ASSESSMENT ON MARINE MPYMAIS

FOR THE PHASE I AREA (CENTRAL PUGET SOUND)

1. Background. The Puget Sound Dredged Disposal Analysis (PSDDA) is a pro-
gram for the management of unconfined, open-water disposal of dredged material
in waters of Puget Sound. The program includes: (1) designation of accept-
able disposal sites, (2) definition of dredged material evaluation procedures,
and (3) disposal site management plans.

Recently there has been heightened public and agency concern over the long-
term environmental health of Puget Sound and the role dredged material played
in perceived water and sediment quality problems. Questions have been raised
over project-by-project dredged material evaluation processes, and some felt
that the existing public disposal sites were not at the "best" locations. Due
to expiring local shoreline master program permits, by July 1987, only one of
the thzee central Puget Sound existing unconfined, open-water disposal sites
will remain open. That site is permitted only to June 1988. This condition
creates uncertainty with regard to future disposal of dredged material and
highlights the urgency of having an acceptable dredged material disposal
program. A proposed program has been developed through a special
Federal-state cooperative study.

The U.S. Army corps of Engineers (Corps), U.S. Environmental Protection Agency
(EPA), Washington Department of Natural Resources (DNR), and Washington
Department of Ecology (Ecology) began the PSDDA study in April 1985. The
study is a 3-year-long effort being conducted in two overlapping phases, each
2 years in length. Phase I covers central Puget Sound, including the sound's
major urban centers, Tacoma, Seattle, and Everett (see figure 1). Phase II,
initiated in April 1986, covers the north and south Sound area, including
Olympia, Port Angeles, and Bellingham.

The goal of PSDDA is to provide environmentally safe and publicly acceptable
guidelines governing unconfined, open-water disposal of dredged material,
thereby improving consistency and pred.ctability in the decisionmaking process.

The Corps is the lead Federal agency for this study and as such has responsi-
bility for meeting the requirements of section 7 of the Endangered Species Act
of 1973, as amended (Public Law 97-304). Seven species of e:,dangered whales
and one endangered sea turtle are found in Washington waters, according to the
December 3, 1986 letter from National Marine Fisheries Service. These are the
sperm whale (Physeter macrocephalus), gray whale (Eschrichtius robustus), fin
whale (Balaenoptera physalus), sei whale (B. borealis), blue whale (B.
musculus), humpback whale (Ilegaptera novaeangliae), right whale (Eubalaena

clacialis), and leatherback sea turtle (Dermochelys coriacea). TWis
iological assessment (BA) evaluates the alternative unconfined open-water

disposal sites considered by PSDDA for central Puget Sound (see paragraph 2
for description) for possible impacts to these species.
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2. Project Description.

a. General. Three public multiuser unconfined, open-water disposal sites

have been identified which will partially meet the future dredged material
disposal needs of the Phase I area. More than 50 percent of future dredged
material is expected to be found unsuitable for this disposal option and will
need to be confined in aquatic capped, nearshore, or upland facilities. A
preferred unconfined, open-water disposal site has been located In each of the
Tacoma, Seattle, and Everett urban embayments of Commencement Bay, Elliott
Bay, and Port Gardner, respectively. The sites, while varying in size
primarily due to bathymetry, average about 350 acres in potential bottom

impact area. Each site includes a 900-foot radius, 58-acre surface disposal
zone within which all dredged material must be released. See figure 2 for the
location of the preferred and alternative sites.

The preferred disposal sites are all located to avoid areas with important
biological resources and human use activities. The center of the Commencement
Bay preferred disposal zone is located approximately 1 mile west of Browns

Point In water about 530 feet deep. In Elliott Bay, the center of the pre-
ferred disposal zone is located about 3/4 of a mile north of Harbor Island in
water 265 feet deep. The center of the Port Gardner preferred disposal zone
is located about 2-1/4 miles southeast of Gedney Island in approximately 420
feet of water.

b. Site Selection Process. The PSDDA site selection process utilized

existing information in combination with field studies to identify preferred
and alternative disposal sites. The approach used is similar to that
described in the EPA and COE workbook entitled "General Approach to
Designation of Studies for Ocean Dredged Material Disposal Sites" (EPA, 1984).
Steps of the site selection process were as follows:

(1) Define general siting philosophy. (This step addresses disposal
philosophy (i.e., whether sites should be dispersive or nondispersive), general
siting locations (i.e., ocean, strait, or sound), and number of disposal
sites.)

(2) Identify selection factors to delineate Zones of Siting Feasibil-
Ity (ZSF's). (This step uses existing information on biological resources and
human use activities to Identify general areas where disposal sites might be
appropriately located.)

(3) Conduct field studies on the ZSF's. (Field and model studies are
conducted to fill key data gaps and gather information on the physical and
biological conditions of the ZSF's. Since these studies were conducted to

check the general condition of the ZSF's, they are sometimes referred to as
"checking studies.")

(4) Identify preliminary sites within the ZSF's. (Information from
the ZSF studies is used to identify preliminary locations for disposal sites
within the ZSF's.)
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(5) Conduct field studies on the sites. (Field and model studies are
conducted to obtain needed physical and biological information for the prelim-
inary sites. These studies are referred to as "site-specific studies.")

(6) Identify preferred sites. (Information from the site-specific
studies is used to identify preferred and alternative sites.)

Existing DNR disposal sites were considered in the disposal site selection
process If they met site selection factors discussed below. All cooperating
agencies in PSDDA agreed early on that no special a Priori consideration would
be given to the existing sites, because of human use con icts and environmen-
tal concerns with past dredging and disposal protocols. An objective site
selection process was used to minimize environmental and human usage conflicts
as much as possible, and existing sites adequately meeting the site selection
factors and constraints were given equal consideration with other potential
sites.

Early In the PSDDA study it was determined that open-water unconfined disposal
sites in the Phase I area should be relatively nondispersive rather than dis-
persive in nature. Placing dredged material in nondispersive sites gives site
managers the ability to maintain control and accountability over site condi-
tions. This is particularly important when chemical contaminants may be pre-
sent In the dredged material and it is necessary to minimize the exposure of
important resources.

c. General ZSF Selection Factors. Three general ZSF selection factors
were identifid early In the PSDDA study. It was determined that ZSFs should,
to the maximum extent possible:

First, avoid high energy areas that would disperse dredged mate-
rtd significantly beyond the disposal site area.

Second, avoid significant adverse impacts on foodfish, shellfish,
marine mammals, and marine birds.

And third, minimize interference with human uses to the lowest
practicable level.

d. Specific ZSF Selection Factors. The three general ZSF selection fac-
tors were further defined by nineteen specific selection factors (shown in
table 1). Most of these factors are identified in Federal and State regula-
tions relating to dredged material disposal sites located in water.
The specific factors were mapped and overlayed to display areas where siting
might occur with a minimum of conflict.
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TABLE 1

SPECIFIC FACTORS FOR IDENTIFICATION OF
ZONES OF SITING FEASIBILITY

1. Navigation activities
2. Recreational uses

3. Cultural sites
4. Aquaculture facilities
5. Utilities
6. Scientific study areas
7. Point pollution sources
8. Water intakes
9. Shoreline land use designations
10. Political boundaries
1l. Location of dredging areas
12. Beneficial uses of dredged material
13. Fish/shellfish harvest areas
14. Threatened and endangered species
15. Fish/shellfish habitat
16. Wetlands, mudflats and vegetated shallows
17. Bathymetry
18. Sediment characteristics
19. Water currents

e. Site In Commencement Bay Area. The preferred site in the Commencement
Bay ZSF was identified based on results of ZSF and site-specific studies.

(1) Commencement Bay Preferred Site. The center of the Com-
mencement Bay preferred site is located at Latitude 47d 18.22m and Longitude
122d 27.84m and lies approximately I mile west of Browns Point (figure 3). The
center of the existing DNR disposal site is located 1.2 nautical miles
southeast of the preferred site, with the northwestern edge of the site only

230 yards from the preferred site boudary. The preferred site is elliptical
in shape, covering approximately 310 acres, with a long axis of 4,600 feet
oriented parallel to the tidal current flood-ebb direction and short axis of
3,800 feet. The bottom slope at this site is approximately 1-foot vertical to

200 feet of horizontal distance, which is essentially flat. The proposed site
lies in an area where sediments tend to deposit rather than erode, as sug-

gested by clay composition exceeding 15 percent, water content exceeding
50 percent, volatile solids exceeding 4 percent, and biochemical oxygen demand
exceeding 500 (data summary from Depositional Analysis). The small grain size
(i.e., medium silt) suggests that current speeds lie below the 25 centimeter
per second threshold; and are backed up by numerical model results suggesting
peak speeds of 18-20 centimeters per second. At this current speed dredged

materials disposed should not be resuspended by local currents. Net current
direction appears to be toward the southwest and the site is oriented
accordingly.
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f. Site in Elliott Day Area. The preferred site for the Elliott Bay ZSF
was identified based on results of ZSF and site-specific studies.

(1) Elliott Bay Preferred Site. The center of the preferred site in

Elliott Bay io located at Latitude 47d 36.03m and Longitude 122d 21.34m within

the confines of a depositional area near the mouth of the Duwamiih River

(figure 4). The disposal site is shaped like a large egg with the south end

of the site located in approximately 200 feet of water and the north end of
the site located In approximately 360 feet of water. The site is approxi-

mately 6,200 feet in length and 4,000 feet wide, covering 415 acres. The site
is located In a submarine valley with relatively steep sides and a downward
slope ranging from 1:30 to 1:50.

g. Site in the Port Gardner Area. The preferred site for the Port
Gardner ZSF was identified based on results of ZSF and 3ite-specific studies.

(1) Port Gardner Preferred Site. The center of the preferred

Port Gardner site is located at Latitude 47d 58.86m and Longitude 122d 16.62m,
and lies approximately two nautical miles west of Everett Harbor (figure 5).

The 318-acre site is circular and located In 420 feet of water on a large flat
plane with a diameter of 4,200 feet. Bottom slopes are less than I feet ver-

tical on 200 feet horizontal. Because bottom slope and tidal currents should
not significantly alter the disposal site configuration, the delineated site

is a 4,000-foot-diameter circle that is concentric with the 1,800-foot-diameter
drop zone.

3. Methods. Individuals knowledgeable of marine mammals in the Puget Sound

area were contacted and interviewed. Available literature was reviewed and
pertinent information was used In this assessment. References are listed at
the end of this assessment.

4. Expected Impacts of PSDDA on Endangered Marine Animals. The following

section Is divided Into three major subsections: Description of the
Environment; Use of Puget Sound by Endangered Marine Animals; and Potential
Impacts to Endangered Marine Animals. The second subsection is broken down

to: General; Commencement Bay; Elliott Bay; and Port Gardner.

a. Description of the Environment. Puget Sound is an inland arm of the

Pacific Ocean that connects to the Pacific through the Strait of Juan de

Fuca. Puget Sound is not in the direct pathway of marine mammal migration
routes, and consequently is seldom used by marine mammals. However, the Sound

is rich In resources and when marine mammals do venture into this inland "sea"
they find protected bays and food.

b. Use of Puget Sound by Marine Animals.

(1) General. Of the eight species of listed marine animals discussed

in this BA, the right, blue, sei, and sperm whales and the leatherback sea
turtle have never been observed with certainty in the inside waters of
Washington. The blue whale has never been verified from the inside waters,

8
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though it ts speculated that a whale identified as a fin whale in 1930 in
Shelton may actually have been a young blue whale (National Marine Mammal
Labortory, 1980). This fin whale sighting is the only one in Puget Sound, and
the chances of it occurring again in Puget Sound are quite remote. These
species are not discussed further in the BA.

Only the gray and humpback whales occur in Puget Sound and are discussed below.

Gray whales are regularly, though infrequently, sighted in Puget Sound. These
individuals are considered stragglers which may or may not feed while in Puget
Sound. Some of the few recent sightlags of gray whales in Puget Sound have
been relattvley close to each of the preferred alternative disposal sites. In
each case, the whales were present for no more than 1 day and were not seen
again in the same area. The implication is that the whales are "passing
through" (and in all likelihood not feeding) and find no special attraction
for any one area.

The humpback whale generally inhabits coastal and offshore waters but does
enter protected inside waters on occasion. In the eastern North Pacific Ocean
this species ranges from the Arctic to southern California in summer and
occupies tropical waters in winter. The North Pacific population is estimated
to be about 1,000 animals.

During the first part of the 20th century this species was one of those most
frequently sighted in the inside waters of Washington. Recent sightings of
this species in Puget Sound were made off Seattle, Washington in May, 1976 (2
individuals) and in September, 1978 (4 Individuals).

Humpback whales could occur anywhere in the inside waters of Washington but
the chance of more than a few stragglers occurring is slight.

(2) Commencement Bay. Gray whales have been regularly, though
certainly not commonly, observed in Dalcos Passage and in the outer reaches of
Commencement Bay. Gray whales feed in water depths between 40 and 125 feet,
primarily for euphausiid shrimp, nektonic fishes, and anchovy. However,
feeding has only been noted in northern migrant gray whales; those migrating
south toward the breeding area apparently fast during migration. Those
observed in Puget Sound are apparently stragglers who may stay in Washington
waters for extended periods. No one seems to know whether these stragglers
feed while they are in Washington waters (Everitt, et al., 1979).

Humpback whales have apparently not been observed near Tacoma or southern
Puget Sound since the 1940's (Slipp, 1948, Fide Everitt, et al., 1979). They
are now one of the rarest of whales, numbering less than 1,000 individuals,
and chances of seeing them again in southern Puget Sound are remote.

(3) Elliott Bay. Cray whales are regularly observed near Elliott Bay
(Everitt, et alf.,1979). They do not stay in a particular location for long,
though they appear to stay in Puget Sound for extended periods. It is not
known whether these stragglers eat while in Puget Sound.

11



Humpback whales were once commonly sighted in Puget Sound, but sightings have

been rare since the 1940's. Two sightings have been made in recent years near

Elliott Bay, one in 1976 and one in 1978 (Everitt, et al., 1979). The first
sighting was of two animals that were breaching and observed from the
Seattle-Winslow ferry. The second sighting was of four animals observed from
Fauntleroy. Though these sightings are hopeful, a comeback to historic
numbers by this species is considered remote and more than occasional
sightings are not expected.

(4) Port Gardner. Gray Whales have been sighted in Port Susan at
Kayak Point in 1984. As at Commencement and Elliott Bays, the gray whales
seen near Port Gardner are stragglers and do not stay in any one location for
long.

There are no recent sightings of humpback whales near Port Gardner. Their

rarity makes the possibility of regular sightings remote.

c. Impacts to Gray Whales and Humpback Whales.

(1) General. Both gray whales and humpback whales occur so rarely in
Puget Sound that the chances for impacts to these species from open water
disposal is extremely remote at any of the proposed disposal sites.

Therefore, separate discussion of impacts at each disposal site is not
included.

5. Summary and Conclusions: Endangered marine animals are extremely rare in

Puget Sound. The low likelihood of their occurrence near the preferred
alternative disposal sites means that Phase I of PSDDA would not impact any

listed marine species.
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UNITED STATES DEl.. ATMENT OF COMMERCE
National Oceanic and Atmospheric Adminisltreair
NATIONAL MARINE FISHERIES SERVICE

Northwest Region
7600 Sand Point Way N.E.
BIN C15700, Building 1
Seattle, Washington 98115

December 3, 1986 F/NWR5:AG

Mr. R. P. Sellevold, P.E.
Chief, Engineering Division
Seattle District, Corps of Engineers
P.O. Box C-3755
Seattle, Washington 98124-2255

Dear Mr. Sellevold:

In response to your letter of November 12, 1986, regarding
identification of sites for disposal of dredge material in Puget
Sound, enclosed is a list of endangered and threatened species
under jurisdiction of the National Marine Fisheries Service
(NMFS) that may occur within central Puget Sound.

This area has no candidate species under review by NMFS for
consideration for proposed listing under the Endangered Species
Act.

Sincerely,

Ay Rolland A. Schmitten
Regional Director

Enclosure
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EASTERN NORTH PACIFIC MARINE SPECIES
LISTED UNDER THE ENDANGERED SPECIES ACT

Marine animals which are found in the eastern North Pacific Ocean at some

season of the year, which are listed as endangered under the Endangered

Species Act of 1973, and which could conceivably enter the Strait of Juan de

Fuca and the inside waters of Washington are:

Gray Whale (Eschrichtlus robustus)

Blue Whale (Balaenoptera musculus)

Humpback Whale (Megaptera novaeangliae)

Right Whale (Balaena glacialis)

Fin Whale (Balaenoptera physalus)

Sei Whale (Balaenoptera borealis)

Sperm Whale (Physeter macrocephalus)

Leatherback Sea Turtle (Dermochelys coriacea)

However, four of these species have never been reported as occurring

within the Strait of Juan de Fuca or other inside waters of Washington; they

are:

Right Whale

Set Whale

Sperm Whale

Leatherback Sea Turtle

The others occur only rarely or occasionally within Inside waters. The

Blue Whale may have been sighted once and the Fin Whale only once or twice. A

few individual Gray Whales have been sighted almost every year. It is highly



2

unlikely, however, that a significant number of any of these five species

would enter and travel within the Strait of Juan de Fuca, the San Juan Islands

area, Puget Sound or Hood Canal.

Accounts for each species are as follows. Additional Information on the

* marine mammals of Washington can be found in Northern Puget Sound Marine

Mammals" by Everitt, Fiscus and DeLong (1980, Environmental Protection Agency

Report EPA-600/7-80-130).

Gray Whale

The Gray Whale is primarily a coastal species. A few stray annually into

the inside waters of Washington. The eastern North Pacific stock of 15-17,000

whales passes along the Washington coast in late winter and spring (Mar-May)

during its northbound migration and in winter (Nov-Jan) during its southbound

migration. A few animals may be seen in coastal Washington waters during any

month of the year. A summer population of 50 animals regularly occurs along

the West Coast of Vancouver Island where they feed.

There are numerous observations of Gray Whales from the waters inside of

Washington including the Strait of Juan de Fuca, the San Juan Islands, Puget

Sound, and Hood Canal over the past decade. These were mostly solitary

animals. Larger aggregations include: a 6 May 1979 observation of a group in

Hood Canal and a 9 May 1979 observation of 1-5 at Port Townsend which may have

been the group sighted in Hood Canal three days earlier.

Gray Whales could occur anywhere in the inside waters of Washington but

the chance of more than a few stragglers occurring is slight.
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Blue Whale

The Blue Whale is primarily an offshore species. In the eastern North

Pacific it ranges from the Gulf of Alaska to central California during summer

and in the eastern tropical Pacific during winter. A recent estimate of the

North Pacific population is 1,700.

There are no verified sightings of this species from the Strait of Juan

de Fuca or other inside waters of Washington, although there is speculation

that the whale (identified as a Fin) which died in a log boom at Shelton, WA

in August, 1930 may have been a young Blue Whale.

The Blue Whale is an offshore species rarely venturing into shallow

coastal or protected inside waters of Washington.

Humpback Whale

The Humpback Whale generally inhabits coastal and offshore waters but

does enter protected inside waters on occasion. In the eastern North Pacific

Ocean this species ranges from the Arctic to southern California in summer and

occupies tropical waters in winter. The North Pacific population is estimated

to be about 1,000 animals.

During the first part of the 20th century this species was one of those

most frequently sighted in the inside waters of Washington. Recent sightings

of this species in Puget Sound were made off Seattle, WA in May, 1976 (2

invididuals) and in September, 1978 (4 individuals).

Humpback Whales could occur anywhere in the inside waters of Washington

but the chance of more than a few stragglers occurring is slight.
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Riot Whale

The Right Whale occurs in both coastal and offshore waters. In the

eastern North Pacific Ocean this species occurs north of Washington waters in

summer and ranges from Washington south in winter. The North Pacific

population is thought to be perhaps 200 Individuals.

The most recent sighting of this species in Washington waters was made on

17 January 1976 when 3 were observed 15 miles WSW of Cape Flattery. The Right

Whale has never been reported from the Strait of Juan de Fuca or other inside

waters of Washington.

Fin Whale

The Fin Whale is an offshore inhabitant. In the eastern North Pacific

Ocean it ranges from the Arctic south to California in summer and to tropical

waters in winter. In the North Pacific this species is presently estimated to

number about 17,000 animals. One Fin Whale was pursued in Puget Sound in 1915

and another in August, 1930, although the 1930 specimen may have been a young

Blue Whale based on recent examination of photographs. No new sightings have

been reported for this species in the Strait of Juan de Fuca or other inside

waters of Washington.

Since it is an offshore species, the presence of a Fin Whale inside

waters of Washington would certainly represent an accidental straying away

from its normal range.

Sei Whale

The Sei Whale is an inhabitant of offshore waters. In the eastern North

Pacific Ocean it ranges from the Gulf of Alaska south to California in summer

and occurs in tropical waters in winter. The population in the North Pacific

is presently estimated to be about 9,000 animals.
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There are no records of this species from the Strait of Juan de Fuca or

other inside waters of Washington.

Sperm Whale

The Sperm Whale is an inhabitant of offshore waters. In the eastern

Pacific mature males range north to the Bering Sea in summer, with females and

immature animals being found south of 50° north latitude; the species ranges

south into tropical waters. The current population estimate for the North

Pacific is 376,000

There are no records of this species occurring in the Strait of Juan de

Fuca or the Inside waters of Washington.

* Leatherback Sea Turtle

The Leatherback Sea Turtle is an Inhabitant of offshore waters. In the

eastern North Pacific it ranges north to the Gulf of Alaska. There are two

records from Alaska, one was taken in a salmon seiner's net and one was taken

near Craig, Southeastern Alaska, also in a seiner's net on 21 August 1978.

Its population is urknown.

None have been reported from the Strait of Juan de Fuca or the inside

waters of Washington.

National Marine Mammal Laboratory, NWAFC
7600 Sand Point Way N.E.
Seattle, Washington 98115

February 19, 1980
(Revised April 30, 1984)
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NPSEN-PL-ER 29 January 1987

PUGET SOUND DREDGED DISPOSAL ANALYSIS
BIOLOGICAL ASSESSMENT ON BALD EAGLE

FOR THE PHASE I AREA (CENTRAL PUGET SOUND)

1. Background. The Puget Sound Dredged Disposal Analysis (PSDDA) is a pro-
gram for the management of unconfined, open-water disposal of dredged material
in waters of Puget Sound. The program includes: (1) designation of accept-
able disposal sites, (2) definition of dredged material evaluation procedures,
and (3) disposal site management plans.

Recently there has been heightened public and agency concern over the long-
term environmental health of Puget Sound and the role dredged material played
in perceived water and sediment quality problems. Questions have been raised
over project-by-project dredged material evaluation processes, and some felt
that the existing public disposal sites were not at the "best" locations. Due
to expiring local shoreline master program permits, by July 1987, only one of
the three central Puget Sound existing unconfined, open-water disposal sites
will remain open. That site is permitted only to June 1988. This condition
creates uncertainty with regard to future disposal of dredged material and
highlights the urgency of having an acceptable dredged material disposal pro-
gram. A proposed program has been developed through a special Federal-state
cooperative study.

The U.S. Army Corps of Engineers (Corps), U.S. Environmental Protection Agency
(EPA), Washington Department of Natural Resources (DNR), and Washington
Department of Ecology (Ecology) began the PSDDA study in April 1985. The

U. study is a 3-year-long effort being conducted in two overlapping phases, each
2 years In length. Phase I covers central Puget Sound, including the sound's
major urban centers, Tacoma, Seattle, and Everett (see figure 1). Phase II,
initiated in April 1986, covers the north and south Sound area, including

Olympia, Port Angeles, and Bellingham.

The goal of PSDDA is to provide environmentally safe and publicly acceptable
guidelines governing unconfined, open-water disposal of dredged material,
thereby improving consistency and predictability in the decisionmaking process.

The Corps is the lead Federal agency for this study and as such has respon-
sibility for meeting the requirements of section 7 of the Endangered Species
Act of 1973, as amended (Public Law 97-304). The bald eagle (Haliaeetus
leucocephalus) was the only species included in the Fish and Wildlife Service
letter of December 17, 1986, which listed all species on the Federal List of
Endangered and Threatened Wildlife and Plants that are found near Puget Sound
and potentially affected by the study. This biological assessment (BA) evalu-
ates the alternate unconfined open-water disposal sites considered by PSDDA
for central Puget Sound (see paragraph 2 for description) for possible impacts
to this species.
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2. Project Description.

a. General. Three public multiuser unconfined, open-water disposal sites
have been Identified which will partially meet the future dredged material
disposal needs of the Phase I area. More than 50 percent of future dredged
material is expected to be found unsuitable for this disposal option and vill
need to be confined in aquatic capped, nearshore, or upland facilities. A
preferred unconfined, open-vater disposal site has been located in each of the
Tacoma, Seattle, and Everett urban embayments of Commencement Bay, Elliott
Bay, and Port Gardner, respectively. The sites, while varying in size pri-
marily due to bathymetry, average about 350 acres in potential bottom impact
area. Each site includes a 900-foot radius, 58-acre surface disposal zone
within which all dredged material must be released. See figure 2 for the
location of the preferred and alternative sites.

The preferred disposal sites are all located to avoid areas with important
biological resources and human use activities. The center of the Commencement
Bay preferred disposal zone is located approximately 1 mile vest of Browns
Point In water about 530 feet deep. In Elliott Bay, the center of the pre-
ferred disposal zone is located about 3/4 of a mile north of Harbor Island in
water 265 feet deep. The center of the Port Gardner preferred disposal zone
is located about 2-1/4 miles southeast of Gedney Island in approximately 420
feet of water.

b. Site Selection Process. The PSDDA site selection process utilized
LAisting Information in combination with field studies to identify preferred
and alternative disposal sites. The approach used is similar to that described
in the EPA and COE workbook entitled "General Approach to Designation of Stud-
ies for Ocean Dredged Material Disposal Sites" (EPA, 1984). Steps of the site
selection process were as follows:

(1) Define general siting philosophy. (This step addresses disposal
philosophy (i.e., whether sites should be dispersive or nondispersive), general
siting locations (i.e., ocean, strait, or sound), and number of disposal
sites.)

(2) Identify selection factors to delineate Zones of Siting Feasibil-
Ity (ZSF's). (This step uses existing Information on biological resources and
human u~e activities to identify general areas where disposal sites might be
appropriately located.)

(3) Conduct field studies on the ZSF's. (Field and model studies are
conducted to fill key data gaps and gather information on the physical and
biological conditions of the ZSF's. Since these studies were conducted to
check the general condition of the ZSF's, they are sometimes referred to as
"checking studies.")

(4) Identify preliminary sites within the ZSF's. (Information from
the ZSF studies is used to identify preliminary locations for disposal sites
within the ZSF's.)

3
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(5) Conduct field studies on the sites. (Field and model studies are
conducted to obtain needed physical and biological information for the prelim-
inary sites. These studies are referred to as "site-specific studies.")

(6) Identify preferred sites. (Information from the site-specific
studies is used to identify preferred and alternative sites.)

Existing DNR disposal sites were considered in the disposal site selection
process if they met site selection factors discussed below. All cooperating
agencies in PSDDA agreed early on that no special a priori consideration would
be given to the existing sites, because of human use con icts and environmen-
tal concerns with past dredging and disposal protocols. An objective site
selection process was used to minimize environmental and human usage conflicts
as much as possible, and existing sites adequately meeting the site selection
factors and constraints were given equal consideration with other potential
sites.

Early in the PSDDA study it was determined that open-water unconfined disposal
sites In the Phase I area should be relatively nondispersive rather than dis-
persive in nature. Placing dredged material in nondispersive sites gives site
managers the ability to maintain control and accountability over site condi-
tions. This is particularly important when chemical contaminants may be pre-
sent in the dredged material and it is necessary to minimize the exposure of
important resources.

c. General ZSF Selection Factors. Three general ZSF selection factors
were identifid early in the PSDDA study. It was determined that ZSFs should,
to the maximum extent possible:

First, avoid high energy areas that would disperse dredged mate-
rial significantly beyond the disposal site area.

Second, avoid significant adverse impacts on foodfish, shellfish,
marine mammals, and marine birds.

And third, minimize interference with human uses to the lowest
practicable level.

d. Specific ZSF Selection Factors. The three general ZSF selection fac-
tors were further defined by nineteen specific selection factors (shown in
table 1). Host of these factors are identified in Federal and State regula-
tions relating to dredged material disposal sites located in water.
The specific factors were mapped and overlayed to display areas where siting
might occur with a minimum of conflict.
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TABLE I

SPECIFIC FACTORS FOR IDENTIFICATION OF
ZONES OF SITING FEASIBILITY

1. Navigation activities
2. Recreational uses

3. Cultural sites
4. Aquaculture facilities
5. Utilities
6. Scientific study areas

7. Point pollution sources
8. Water intakes
9. Shoreline land use designations
10. Political boundaries
11. Location of dredging areas
12. Beneficial uses of dredged material

13. Fish/shellfish harvest areas
14. Threatened and endangered species
15. Fish/shellfish habitat
16. Wetlands, mudflats and vegetated shallows
17. Bathymetry
18. Sediment characteristics
19. Water currents

e. Site in Commencement Bay Area. The preferred site in the Commencement
Bay ZSF was identified based on results of ZSF and site-specific studies.

(1) Commencement Bay Preferred Site. The center of the Commencement
Bay preferred site is located at Latitude 47d 18.22m and Longitude 122d 27.84m
and lies approximately 1 mile west of Browns Point (figure 3). The center of
the existing DNR disposal site is located 1.2 nautical miles southeast of the
preferred site, with the northwestern edge of the site only 230 yards from the
preferred site boudary. The preferred site is elliptical in shape, covering
approximately 310 acres, with a long axis of 4,600 feet oriented parallel to
the tidal current flood-ebb direction and short axis of 3,800 feet. The bot-
tom slope at this site is approximately 1-foot vertical to 200 feet of hori-
zontal distance, which is essentially flat. The proposed site lies in an area
where sediments tend to deposit rather than erode, as suggested by clay com-
position exceeding 15 percent, water content exceeding 50 percent, volatile
solids exceeding 4 percent, and biochemical oxygen demand exceeding 500 (data
summary from Depositional Analysis). The small grain size (i.e., medium silt)
suggests that current speeds lie below the 25 centimeter per second threshold;
and are backed up by numerical model results suggesting peak speeds of 18-20
centimeters per second. At this current speed dredged materials disposed
should not be resuspended by local currents. Net current direction appears to
be toward the southwest and the site is oriented accordingly.
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f. Site in Elliott Bay Area. The preferred site for the Elliott Bay ZSF
was identified based 7 results of ZSF and site-specific studies.

(1) Elliott Bay Preferred Site. The center of the preferred site in
Elliott Bay I located at Latitude 47ad 36.03m and Longitude 122d21.34m within
the confines of # depositional erea near the mo'uth of the -Devamish River (fig-
ure 4). The disposal site ts shaped like a large egg with the south end of
the site located in approxmately 200 feet of water and the north end of the
site located in approximately 360 feet of water. The site is approximately
6,200 feet in length and 4,000 feet wide, covering 415 acres. The site is
located in a submarine valley with relatively steep sides and a downward slope
ranging from 1:30 to 1:50.

g. Site in the Port Gardner Area. The preferred site for the Port Gardner
ZSF was identified based on results of ZSF and site-specific studies.

(1) Port Gardner Preferred Site. The center of the preferred Port
Gardner site is located at Latitude 47d 58.86m and Longitude 122d 16.67m, and
lies approximately two nautical miles west of Everett Harbor (figure 5). The
318-acre site is circular and located in 420 feet of water on a large flat
plane with a diameter of 4,200 feet. Bottom slopes are less than 1 feet ver-
tical on 200 feet horizontal. Because bottom slope and tidal currents should
not significantly alter the disposal site configuration, the delineated site
is a 4,000-foot-diameter circle that is concentric with the 1,800-foot-diameter
drop zone.

3. Methods. Individuals knowledgable of bald eagles in the Puget Sound area
were contacted and interviewed. Available literature vat reviewed and perti-
nent information was used in this assessment. References are listed at the
end of this assessment.

4. Expected Impacts of PSDDA on Bold Eagles. This section is organized into
three major subheadings: Description of the (general) Puget Sound Environ-
ment; Use of Puget Sound Habitat by Bald Eagles; and Potential Impacts to
Bald Eagles from Implementation of PSDDA. The second subheading is further
broken down to: General; Comencement Bay; Elliott Bay; and Port Gardner.

a. Description of the Environment. Puget Sound is an inland arm of the
Pacific Ocean that connects to the Pacific through the Strait of Juan de
Fuca. Puget Sound is broadly described as a large basin consisting of a com-
plex system of interconnecting subbasins (formed primarily by the retreat of
ice sheets that covered the area until about 10,000 years ago). Puget Sound
is modified and enriched by the supply of large volumes of fresh water result-
Ing from precipitation, over 2,500 lakes and ponds (totalling 175 square
miles), and over 10,000 rivers and streams ultimately flowing into Puget
Sound. A critical result of freshwater streams entering marine waters is the
creation of estuaries. Estuaries are characterized by the action of pumping
large volumes of fresh and marine water back and forth, primarily as a result
of tides. The pumping action also promotes mixing of fresh and marine waters,

8
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diluting the salinity of the marine water, but, more importantly, resulting in
exchange of nutrients between the marine and freshwater systems. Estuaries
are thus very productive (biologically), and rich in plant and animal life.
The mouths of streams are also located in low elevation land areas with shal-
low gradients, which are often sites of wetlands, which greatly add to the
diversity and productivity of the Puget Sound basin. Thus, the Puget sound
basin is a mixture of land masses (with their associated terrestrial and wet-
land habitats), rivers and lakes, estuaries, and open water marine environ-
ments. Bald eagles utilize and depend on each of these environments for their
survival. The focus of the BA will be on PSDDA's effects on the marine envi-

ronment, and to a lesser extent, estuarine environment, and the resultant
effects on bald eagles.

b. Use of Puget Sound Habitats by Bald Eagles.

(1) General. Bald eagles are present throughout the year in the
Puget Sound basin, and nest along the coastline of the sound. The bald eagle
is relatively uncommon, and nests essentially thoughout the basin where large
trees (usually Douglas firs, western red cedars, and western hemlocks) are
present. Bald eagles also winter throughout the basin, but are most common

along streams that support salmon runs, where the eagles feed on spawned-out
salmon. This may be as much as 50 miles upstream, as on the Skagit River. It
is well known that bald eagles are opportunistic, feeding on whatever dead
prey may appear, including fish, waterfowl, and mammals. Bald eagles also
will pursue and capture live birds and fish swimming close to the surface.

Bird species taken are usually waterfowl, but may also include gulls (Hayward,
et al., 1977; Richter, 1984; Leachner, 1984). The author observed an adult
bald eagle take a male bufflehead off the surface of Padilla Bay from amongst

-0 a large flock of waterfowl, in February, 1983.

During the winter, bald eagles roost communally, usually In an area of coni-
ferous trees. No communal roosts are known to the author or Washington

Department of Game (WDG) in the vicinity of central Puget Sound (Leschner,
1987; MacAllister, 1987).

(2) Commencement Bay. A pair of bald eagles maintain an active nest

in Point Defiance Park. This is the only bald eagle nest within several miles
of the proposed disposal site. Bald eagles are present year round in the
vicinity of Commencement Bay. The abundance of open water, prey base, and
forested cliffs all contribute to good quality bald eagle habitat in this

area. The prey base is assumed to consist primarily of waterfowl, which are
relatively abundant in and around Commencement Bay, especially during migra-
tion and winter months.

Point Defiance Park provides innumerable perches from which to hunt, eat,
rest, or roost. The presence of thousands of park visitors, however, limits
the areas where bald eagles can perch and nest without disturbance.

11



During the winter months, it appears from Mid-Winter Bald Eagle Census results
that between 2 to 7 bald eagles may winter in the vicinity of Tacoma, includ-
ing Anderson and McNeil Islands.

(3) Elliott Bay. According to the December 17, 1986 list of the MWS,
bald eagles are not found in the vicinity of the proposed deepwater disposal
site in Elliott Bay, and would not be impacted by disposal in Elliott Bay.

(4) Port Gardner. Bald eagles nest along Pigeon Creek 2 miles south
of the Port of Everett. They also nest at seven other locations (12 nests in
all) within ten miles of the proposed disposal site (FWS, 1986). Of these
other nests, three are about 5 miles from the disposal site, and one is about
2 miles from the site. During the breeding season (particularly April through
September), it appears that numbers of waterfowl are not sufficient to support
such a large nesting population of eagles. Therefore, the author assumes,
lacking concrete evidence to the contrary, that these nesting pairs rely pri-

marily on surface-swimming fish during the spring and summer. During migra-

tion and winter, waterfowl numbers (especially mallards and American wigeons)

increase dramatically. Bald eagles very likely shift their hunting behavior

to take more waterfowl during migration and vinter.

During the winter months bald eagles in this vicinity appear to shift inland,
primarily along rivers, where they are attracted by spawning salmon. Snoho-

mish, Skykomish, and Snoqualmie Rivers are the major wintering rivers for bald
eagles in Snohomish County (WDG, 1980). Port Susan Bay also recieves regular

use by bald eagles, attracting between 6 and 13 birds on the Mid-Winter Bald
Eagle Census.

c. Impacts to Bald Eagles.

(1) General. Bald eagles are present throughout the year near the

Commencement Bay and Port Gardner disposal areas. They feed on whatever may
be present (ducks, gulls, live surface-swimming fish, dead animals washed

ashore, eta.). Concentrations of birds or fish are helpful for prey-capture
success. Relatively large animal concentrations are located near the disposal

areas, but are not located at the proposed disposal sites themselves. This is
a direct result of PSDDA planning, which has endeavored to select deepwater
disposal sites that result in minimal environmental impacts and minimal human
use conflicts. Although concentrations of birds and fish are not expected to

be affected by PSDDA disposal sites, a small percentage of animals would
likely suffer some effects. The only potential direct impacts of deepwater

disposal ou waterbirds and fish would appear to be the result of short-term
turbidity, temporary loss of prey source, and potential impacts to intertidal

organisms from drift of fine-grained disposed material. Turbidity limits vis-
ibility and makes feeding difficult. Fortunately, turbidity is localized and
temporary; furthermore, waterbirds will avoid the turbidity plume and feed
elsewhere. Newly disposed material may cover the bottom to several feet deep,
thus burying some of the organisims that may be living in the substrate. How-
ever, at the preferred disposal sites the bottom is at least 250 feet below

12



the surface. Few birds dive this deep (cormorants and loons may), which
limits the impacts to a few species, none of which are regularly preyed upon
by bald eagles. Finally, even if the disposal areas do not recolonize as
expected (probably because intervals between disposal operations would be too
short to allow animals to recolonize), the total area of impact is small rela-
tive to the potential feeding area in Puget Sound. Waterbirds and fish are
mobile; also, the sites selected will have low biological productivity prior
to disposal, such that the loss would be minimal. The potential loss of
intertidal organisms from drift of disposed material ts considered to be
minimal and will not affect waterbirds or fish. Finally, any and all mate-
rials disposed of in deep water will be pretested for contaminants and toxics.
Only suitable material will be disposed in deep water; all other material will
be disposed at special confined sites. Thus, animals are not expected to be
affected by contaminants. Since the bald eagle prey base would not be
affected, bald eagles would not be affected from the standpoint of food source.

Other potential effects associated with the disposal areas primarily include
human disturbance and noise from disposal barges. The most important consid-
eration Is that potential disposal sites will be away from regular areas of
animal use. Thus, human disturbance and noise are not expected to affect any
endangered species.

None of the proposed disposal sites have unique features that vary from the
above discussion. Therefore, the disposal sites are not discussed separately.

5. Conclusions and Summary. PSDDA is a comprehensive, coordinated effort to
select environmentally safe unconfined open-water disposal sites, and properly
manage the use of those sites. Implicit in the PSDDA process is that sites
selected would be those that would avoid animal concentration areas as well as
human activities and would therefore result in minimal adverse environmental
impacts. Analysis of known distributions of waterfowl and fish indicate that
use of preferred alternative sites selected for Phase I area dredged material
disposal will not impact bald eagles in any way.
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?A i1-United States Department of the Interior
FISH AND WILDLIFE SERVICE

Olympia Field Office
2625 Parkmont Lane SW, B-3
Olympia, Washington 98502
206/753-9444 FTS 434-9444

December 17, 1986 Re: l-3-87-SP-[61-64]

Mr. R.P. Sellevold
Chief, Engineering Division
Seattle District, Corps of Engineers
P.O. Box C-3755
Seattle, Washington 98124-2255

Dear Mr. Sellevold:

As requested by your letter, dated November 12, 1986 and received
by us on November 14, 1986, I have attached a list of endangered
and threatened species (Attachment A) that may be present in the
area of the proposed inwater Puget Sound dredged disposal sites
near Tacoma, Seattle, Everett and Saratoga Passage. The list
fulfills the requirement of the Fish and Wildlife Service under
Section 7(c) of the Endangered Species Act of 1973, as amended.
The requirements for Corps compliance under the Act are outlined
in Attachment B.

Should the biological assessment determine that a listed species
is likely to be affected (adversely or beneficially) by the
project, the Corps should request formal Section 7 consultation
through this office. Even if the biological assessment shows a
"no effect" situation, we would appreciate receiving a copy for
our information.

Your interest in endangered species is appreciated. If you have
any additional questions regarding your responsibilities under
th: Act, please contact Jim Michaels at the above phone/address.

Sincerely,

Lynn P. Childers
Acting Field Supervisor

Attachments

c: WDG (Nongame)
WNHP



LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES AND
CANDIDATE SPECIES THAT MAY OCCUR WITHIN THE AREA OF THE PROPOSED

INWATER DREDGED DISPOSAL SITE NEAR TACOMA, PIERCE COUNTY, WA

1-3-87-SP-61

LISTED

Bald eagle (Haliaeetus leucocephalus) - A bald eagle nesting
territory with two nests is located at T21N, R2E, S15. Nesting
territories are occupied from about January 1 through August 15.

Major concerns that should be addressed in your biological
assessment of project impacts to bald eagles are:

1. The effect of inwater disposal on the bald eagle's food
supply.

2. The effect of the physical placement of dredged material
that may result in the disturbance of bald eagles.

a
PROPOSED

None

CANDIDATE

None

Attachment A



LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES AND
CANDIDATE SPECIES THAT MAY OCCUR WITHIN THE AREA OF THE PROPOSED

INWATER DREDGED DISPOSAL SITE NEAR SEATTLE, KING COUNTY, WA

1-3-87-SP-62

LISTED

None

PROPOSED

None

CANDIDATE

None

Attachment A



LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES AND
CANDIDATE SPECIES THAT MAY OCCUR WITHIN THE AREA OF THE PROPOSED

INWATER DREDGED DISPOSAL SITE NEAR EVERETT,
SNOHOMISH AND ISLAND COUNTIES, WASHINGTON

1-3-87-SP-63

LISTED

Bald eagle (Haliaeetus leucocephalus) - wintering bald eagles may
occur in the vicinity of the project from about October 31
through March 31.

Bald eagle nesting territories located in the project area are
occupied from about January 1 through August 15.

Snohomish County
T29N R4E S16 - Gedney Island
T29N R4E S25 (2 nests) - Pigeon Creek
T30N R4E S6 (2 nests) - Kayak Point
T30N R4E S36 - Tulalip Bay

Island County
T28N R3E Sl - Glendale
T29N R3E S11 - Langley
T30N R3E S24 - Tyee Beach
T30N R3E S24 - Soucam North
T30N R3E S25 - Camino Head
T30N R3E S25 - Camino Head West

Major concerns that should be addressed in your biological
assessment of project impacts to bald eagles are:

1. The effect of inwater disposal on the bald eagle's food
supply.

2. The effect of the physical placement of dredged material
that may result in the disburbance of bald eagles.

PROPOSED

None

CANDIDATE

None

Attachment A



LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES AND
CANDIDATE SPECIES THAT MAY OCCUR WITHIN THE AREA OF THE PROPOSED

INWATER DREDGED DISPOSAL SITE NEAR SARATOGA PASSAGE,
ISLAND COUNTY, WASHINGTON

1-3-87-SP-64

LISTED

Bald eagle (Haliaeetus leucocephalus) - wintering bald eagles may
occur in the vicinity of the project from about October 31
through March 31.

Major concerns that should be addressed in your biological
assessment of project impacts to bald eagles are:

1. The effect of inwater disposal on the bald eagle's food
supply.

2. The effect of the physical placement of dredged material
that may result in the disturbance of bald eagles.

PROPOSED

None

CANDIDATE

None

Attachment A



EXHIBIT B

FEDERAL ADVANCE IDENTIFICATION OFI. DISPOSAL SITES, 40 CFR. 230.80



July 15, 1988

PUBLIC NOTICE

FINAL DETERMINATION OF SUITABILITY
FOR DISPOSAL OF DREDGED MATERIAL IN WATERS OF

CENTRAL PUGET SOUND

1. On May 6, 1986, the U.S. Environmental Protection Agency, Region 10,
Seattle, Washington, and the Seattle District, U.S. Army Corps of Engineers
(Corps), issued a Public Notice to initiate the Advanced Identification of
sites in central Puget Sound suitable for disposal of dredged material under
Subpart I of the Section 404(b)(1) Guidelines of the Clean Water Act, as
described at 40 CFR 230.80. A multiagency study of alternative potential
disposal sites and alternative biological effects levels for site condition
management was undertaken by the Corps; Region 10, U.S. Environmental
Protection Agency (EPA); and the Washington Departments of Ecology and Natural
Resources. This effort is known as the Puget Sound Dredged Disposal Analysis
(PSDDA). The PSDDA study, which began in April 1985, is being conducted in
two 3-year-long overlapping phases. Phase I deals with the central region
(Everett, Seattle, and Tacoma), and Phase II covers the balance of the sound
(see figure 1).

2. In January 1988, the Corps issued a Draft Proposed Management Plan (DPMP)
and Draft Environmental Impact Statement (DEIS) for the Phase I study area,
pursuant to the National Environmental Policy Act (NEPA), identifying the
preferred alternative unconfined open-water disposal sites and preferred site
management condition. A Proposed Determination of Suitability was issued in
January, 1988, in conjunction with the DEIS. Public comments on these
documents were solicited through March, 1988. A Final Environmental Impact
Statement (FEIS) and Management Plan Report (MPR), incorporating responses to
these comments, are being published concurrently with this Public Notice.
These documents, including technical appendixes, provide the basis for this
final determination of suitability.

3. The preferred sites are considered suitable for the disposal of dredged
material found acceptable for unconfined open-water disposal per the Section
404(b)(1) Guidelines (see 4 below). These sites are located within Tacoma,
Seattle, and Everett major urban embayments: Commencement Bay, Elliott Bay,
and Port Gardner, respectively, as shown in figure 2. The waters of the Phase
I area extend north from the Tacoma Narrows Bridge to Foulweather Bluff/Double
Bluff and north up Saratoga Passage to the community of Camano.
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Commencement Bay. The center of the disposal zone of this site (latitude
47 18.22" longitude 122°27.84") is located approximately 1 mile west of Browns
Point (see figure 3) and approximately 0.9 mile northwest of the center of the
existing dredged material disposal site managed by the Washington Department
of Natural Resources (DNR). The site varies in depth from 540 to 560 feet and
covers an area of approximately 310 acres. The bottom slope at the site is
relatively flat.

Elliott Bay. The center of the disposal zone of this site (latitude 47°35.97"
longitude 122°21.38") is located in a low current area about 1 mile off the
mouth of the Duwamish River and approximately 3 miles southeast of the center
of the existing DNR Elliott Bay Fourmile Rock dredged material disposal site
(see figure 4). The 415-acre site is egg shaped. The south and the north
edges of the site lie in 200 and 360 feet of water, respectively.

Port Gardner. The center of the disposal zone of this site (latitude
47°58.86" longitude 122"16.67") is located approximately 3 miles west of
Everett Harbor, 2.2 miles southeast of Gedney Island, and about 1.7 miles
northwest of the center of the existing DNR Port Gardner dredged material
disposal site (see figure 5). The disposal site covers about 318 acres.
Water depth is approximately 420 feet, and the bottom slope is relatively flat.

4. Use of sites identified by EPA and the Corps as potentially suitable for
discharge of dredged material will be conditioned to restrict the kind of
discharge to be permitted when it is determined that the dredged material has
characteristics which are likely to affect compliance with the 404(b)(l)
Guidelines. The PSDDA study has indicated that minor adverse biological
effects may be permitted at the preferred disposal sites as a condition of
site management. Dredged material sampling and testing procedures that will
be used to determine acceptability for disposal at these sites are described
in detail in the MPR and accompanying technical appendixes.

5. The purpose of this public notice is to notify concerned citizens, the
business community, agencies, and local governments of EPA's and the Corps'
final determination of suitability for the three dredged material disposal
sites referenced in paragraph 3 as sites deemed generally acceptable for the
discharge of dredged material subject to the restrictions discussed in
paragraph 4. This action will aid the Corps and EPA in making decisions on
Section 404 permit applications involving future disposal of dredged material
in central Puget Sound.

Dredged material may be discharged in areas identified as generally suitable
for such activities provided the material fully complies with the Clean Water
Act Section 404(b)(1) Guidelines and the discharge is approved through the
Corps of Engineers' permit process. The identification of areas that are
generally deemed suitable for disposal should not be regarded as a guarantee
that permits to discharge dredged material in such areas will be issued.
Instead, the identification process should assist a potential applicant in
determining whether the requirements of the Section 404(b)(1) Guidelines will
be met.
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6. The advanced site identification 230.80 process which began on
May 6, 1986, will be completed at the time of issuance of the Record of
Decision issued for PSDDA. Major 230.80 milestones are as follows:

o Initial joint EPA/Corps May 6, 1986
public notice

o Public comment period on May 6 through July 6, 1986
initial public notice

o Proposed determination January 15, 1988

of site suitability

o Public comment period January 15, 1988 through March 1, 1988

o Public hearings February 10, 1988 (Seattle)
February 11, 1988 (Port Townsend)

o Final determination of (Published with FEIS) June 1988
suitability

7. Agencies and organizations consulted in this advanced identification
effort include the following:

U.S. Environmental Protection Agency
U.S. Army Corps of Engineers
U.S. Fish and Wildlife Service
U.S. Department of Commerce-National Marine Fisheries Service
U.S. Coast Guard
Washington Department of Natural Resources
Washington Department of Ecology
Washington Department of Fisheries
Washington Department of Wildlife
Washington Department of Social and Health Services
Washington Parks and Recreation Commission
Washington Department of Transportation
Puget Sound Water Quality Authority
City of Seattle
City Everett
City of Tacoma
Snohomish County
Pierce County
King County
Kitsap County
Port of Seattle
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Port of Everett
Port of Tacoma
Port of Edmonds
Washington Public Ports Association
Municipality of Metropolitan Seattle
Puyallup Tribe
Muckelshoot Tribe
Suquamish Tribe
Tulalip Tribes
Puget Sound Alliance
Washington Environmental Council
Other cities, counties, ports, A d Indian tr-ibes loc ted in Phase I

study area 
aIda

HILIP . RUSSELL.I ALL
Colonel, Corps of Engineers Regiona Administ rtor
District Engineer U.S. Environmental Protection A ncy
Seattle District Region 10, Seattle
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EXHIBIT C

PUBLIC COMMENTS ON DRAFT
ENVIRONMENTAL IMPACT STATEMENT

(DEIS) AND SUPPORTING DOCUM'ENTS;
AND PSDDA AGENCY RESPONSES



PSDDA LCMhLNTS/PSDDA AGENCY RESPONSES

Comments on the Draft Environmental Impact Statement - Proposed Unconfined
Open-Water Disposal Sites for Dredged Material, Phase 1 (Central Puget Sound)
received during the February 10 and 11, 1988 public meetings; and in written
form prior and subsequent to the public meetings are contained in this exhibit.
Responses to comments generally appear directly alongside each comment. While
the official 45-day public review period began on January 15, 1988 comments
were received (and accepted) until March 30, 1988.

Comment letters and meeting testimony appear in the following order:

Federal Agencies

Sagency Pate

Advisory Council on Historic Preservation - 2/17/88 C-I
U.S. Environmental Protection Agency - 3/2/88 C-3
U.S. Department of Commerce, National Marine

Fisheries Service - 3/24/88 C-5

U.S. Department of the Interior, Fish and Wildlife
Service - 3/29/88 C-13

Indian Tribes

Tribe Page

i The Tulalip Tribes - 2/29/88 C-19
The Suquanish Tribe - 3/7/88 C-23

Muckleshoot Indian Tribe - 3/14/88 C-27

Puyallup Tribe of Indians - 3/15/68 C-31

State Agencies

ncy a

Department of Community Development, Office of
Archeology and Historic Preservation - 2/5/88 C-37

Puget Sound Water Quality Authority - 2/24/88 C-39

Washington Department of Fisheries - 3/1/88 C-43

Local Agencies

&!ncy Pa Fit

Municipality of Metropolitan Seattle - 2/23/88 C-47
City of Bellevue - 2/26/88 C-49

Port of Everett - 3/1/88 C-51
Port of Everett - 3/11/88 C-53



Local Agencies (con.)

Agency L

Seattle, Department of Construction and Land Use - 3/7/88 C-67
Port of Tacoma - 3/11/88 C-69
Port of Seattle - 3/15/88 C-75

Organizations

Organization

Serve Our University Place - 1/15/88 C-79
Pacific Northwest Uaterways Association - 2/19/88 C-81
Seattle Audubon Society - 2/27/88 C-83
Sierra Club, Cascade Chapter - 2/28/88 L-85
Protect the Peninsula's Future - 2/29/88 C-97
Puget Sound Alliance - 3/1/88 C-101

Private Individuals or Companies

Individual/Lompany Page

Bob and Janice Miller - 2/4/88 C-105
AM Test, Inc. - 2/10/88 C-107
Jay W. Spearman - 2/22/88 C-109
Bonnie Orme - 2/29/88 (-111
W. Art Noble - 3/7/88 C-113

Public Meeting Testimony - 2/10/88

Individual Pae

Don Moos, Washington Public Ports Association C-137
Jim Heil C-137
Doug Hotchkiss, Port of Seattle C-137
Kent N. Barnard, Argonaut Society C-137
Gary D. Severson, Argonaut Society C-138
Darrel K. Russell, Washington Public Ports Association C-138
Nancy J. Debaste, Magnolia Community Club C-138
Ursula A. Judiins, Magnolia Community Club C-138
Polly Dyer, Puget Sound Alliance C-13b
Leslie Sacha, Port of Tacoma C-138
Bob H. Morton C-139
Dennis Gregoire, Port of Everett C-139
Janice H. Miller C-139
Nancy R. Malmgren C-140
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r UNITEO STATES DEPARTMENT OF COMMERCE
NLtional Oceanl and Atmoespheric Admlnlstraton
NAM4ONA MARINE FISHERIES SERVICE
ENVIRONMENTAL & TECHNICAL SERVICES DIVISION
847 NE 191h AVENUE SUITE 350
PORTLAND OREGON 97232 2279
1503 230 5400

FEB 31 F/NWR5:270

Colonel Philip L. Hall
District Engineer, Seattle District
Corps of Engineers
P. 0. Box 3755
Seattle, Washington 98124

Re: Puget Sound Dredged Disposal Analysis (PSDDA) Preliminary Draft
Summary Report and Draft EIS for the Phase I Area (centeral
Puget Sound)

Dear Colonel Hall:

We have completed our review ot the preliminary Draft Summary Report
and Draft Environmental Impact Statement referenced above and offer
no objections to its contents or conclusions at this time. We
believe the preferred program alternatives developed by the PSDDA

*. study team with assistance from other agencies will minimize
potential impacts to valuable fisheries resources, adequately
monitor disposal site and adjacent area impacts and ensure that
unacceptable effects are corrected through site management programs.

Thank you for the opportunity to provide comments regarding the
potential environmental consequences associated with this proposed
program. If you have any questions regarding our comments, please
contact Rob Jones of my staff at (503) 230-5429.

Sincerely,

Dale R. Evans
Division Chief

cc: Washington Department of Fisheries
Washington Department of Game
Washington Department of Ecology
Fish and Wildlife Service, ES, Olympia
Environmental Protection Agency



THE TULALIS
Swi l Ofltors TH E , .. The Tulalip Tribes are the successors
Stanley Q. Jones. Sr. Chairman in interest to the Snohomish.
Bernard W. Gobmn. Vic-Chaorman "7 TOTEM BEACH ROAD Sn 'ualmie and Skykomish tribes

MARYSVILLE, WA 98270 and other tribes and bands signatory toDaw n E. Sm son. Sereta ry 63-4581 t
Stanley G. Jones. Jr.. Treasurer the Treaty of Point Eltiott
Donald C. Hatch. Jr., Member
Debra L. Posey. Member
Roy E. Hatch. Member
Clarence H. Hatch. Executive Director 26 April 1988

Mr. Frank Urabeck, Program Manager
Puget Sound Dredged Disposal Analysis
c/o U. S. Army Corps of Engineers
P. O. Box C-3755
Seattle, WA

Re: PSSDA Presentation to the Tulalip Fisheries Advisory
Commission

Thank you for tdking the time on 20 April 1988 to speak with our
Commission on issues relating to the on-going dredged disposal
program for Puget Sound. Your presentation was very helpful in
developing our understanding and position on the dredge disposal
issues in Port Gardner.

As we indicated during the meeting, placement of dredged material
would be preferable away from our fishing activities, i.e. in
Saratoga Passage. However, it is recognized that the costs of
disposing of materialsin Saratoga Passage is substantially
higher. Your discussion of the West Gedney Island site proposed
earlier by Tribal Staff clarified the reasons that this site is
unacceptable and why your preferred alternative was developed.

Of primary concern to the fisheries interests of the Tribes in
relation to your program is the potential for interference and/or
conflicts with our fishing activities. We understand that the
materials to be Aoposited at the proposed disposal site will be
extensively evaluated and monitored to ensure minimal impacts to
the water column and to the bottom resources. Further, as you
indicated, it will be possible to limit disposal activity to
periods of time when Tribal fishermen are not fishing through
coordination between our Fisheries Department and the Washington
Department of Natural Resources. If this is indeed the case,
the Fisheries Advisory Commission will convey to the Board of
Directors that they have no objection to your proposed site.

Again, we appreciated your informative presentation. We look
forward to continued cooperation between the Commission and your
agency.

Sincerely,

Bill Gobin
Vice Chairman
ulalip Fish Advisory Commission
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Planning branch (1110-2-1150b)

Mr. Jacob Thom"
State Historic Preservation Officer
Office of Archaeology and Historic Preservation
Department of Community Development
111 West 21st Ave, Mailstop KL-11
Olympia, Washington 93504-5411

Dear Mr. Thomas:

This letter reviews Puget SounA Dredged Disposal Analysis (PSDDA) stuiy
coordination activities with your office relating to compliance with the
National Environmental Policy Act and Section 106 of the National Historic
Preservation Act (NRPA). I am requesting confirmation of mutual understand-
ings regarding our progress toward Section 106 compliance so that we may
finalize our environmental impact statement (EIS) and supporting documents for
the Phase I area (central Puget Sound).

On January 6, 1988, the U.S. Army Corps of Engineers (Corps), on behalf
of the PSDDA agencies, transmitte4 for your review ani comment a draft EIS
describing selection of three preferred PSDDA sites for unconfined, open-water
disposal of dredged material. In your letter of February 5, 1988, you
expressed concern for the extent of documentation of submerged historic prop-
erties at these sites. You also requested that the Corps consider a Memoran-
dum of Agreement (MOA) to implement consultation under Section 106 of NTRPA.
By letter dated February 17, 1988, the Advisory Council on Ristoric Preserva-
tion (ACHP) expressed similar concerns.

Subsequently, my staff has worked closely with your office, and we have
"oertakem expaded literature searches and additional field (sidescan sooar)
investigations of each of the three preferred disposal sites. These sites are
located in Elliott Day (Seattle), Port Gardner (Everett) and Commencement Day
(Tacoma). In an interagency meeting on March 25, 1988, our consultants, Ivans-
Usmilton, Inc. and the Underwater Archaeology Consortium, lec., presented pre-
liminary fi-dinas and recommendations. During this meeting, PSDDA agencies
discussed possible further courses of action with Dr. lob Whitlem of your
staff.

The following summarizes the current status of our historic resource
investigations. The preliminary report concludes that no submerged vessels
are present at either the Port Gardner or Commencement Bay disposal sites.
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The Elliott Day site contains five sonar "targets" representing possible sub-
merged vessels. One (target 3) is identified as the A.J. Fuller. and is pro-
semed to be eligible for the National Register of Bistoric Places. This
vessel is outside the disposal zone. Target 5, tentatively identified as the
Multnomah and possibly eligible for the National Register, is near enough to
the present sone boundary that it is possible some dredged material might land
directly upon it. The three other objects recorded by the sonar have not been
correlated with any known vessels. Of the three, two are outside and one
(target 4) is Inside the disposal gone. Targets 4 and 5 could thus sustain
direct impacts, while vessels located further away from the disposal none
would be gradually buried over the 40 or more years that the site vould be
used.

The PSDDA agencies have evaluated various means to avoid direct impacts.
Two options are being considered to protect target 5s (a) move the location
of the disposal zone 375 feet south-southwest of the present none or (b)
restrict access by dredgers to the northern segment of the disposal zone. Due
to other risource conflicts it is not feasible to move the disposal zone
enough to avoid target 4, which is of unknown historic significance.

Based on current bibliographic information, my staff has concluded that a
Determination of Eligibility for the National Register in appropriate for
target 3 (the Fuller). We propose to enter into an NOA with your office and
with the ACHP as soon as possible, presenting our plan of action regarding all
five targets that have been found on the site. The proposed plan has been
discussed with your office and the ACRP. There is tentative agreement that
implementation of the plan would constitute mitigation for disposal effectu
that could occur to eligible submerged properties and meet the compliance
requirements under Section 106 of XEPA.

Plan of Action. The PSDDA agencies will retain a contractor who will
attempt, through an underwater remotely operated vehicle (1O), to videorecord
all five sonar targets. A professionally qualified marine archeolortst will
monitor the ROY activity and evaluate the recordings. The recordings of the
targets will be reviewed for historical significance by my staff. The ROv
activity will be performed in June after the spring runoff period is over. If
an initial test of the ROY system is successful we will record all five tar-
gets. Those which in the opinion of my staff meet National Register eligibil-
ity criteria will be fully documented. Those which do not will be minimally
recorded. If the ROV images are not adequate due to site conditions or if
more than 10 field days of effort are requiredt the ROT work will be termi-
mated. Ve will view targets 4, 3, 5, 6, and 12 in that order, assuming the
test is successful.
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If the ROV reconnaissance reveals that the tentatively identified
Multnomah or other vessels are eligible for the National Register, we will
prepare Deterniestions of Eligibility and Effect for them. if the ROY test is
sot successful, we will complete an expanded hietorical records research on
the Fuller and KUultnomah.

My staff ha also discussed our concerns regarding the schedule for open-
ing the Elliott Say disposal site is relation to the Section 106 eouplimce
process. We anticipate that a shoreline permit could be granted by the city
of Seattle to the Washington Department of Natural Resources for the Elliott
Bay site by August 1, 1988. While the permit ROY recording of eligible ships
would be completed before the permit is granted by the city, the expanded
records research and Determinations of Eligibility and Effect may not be com-
pleted until later. It is my understanding that an MOA should be signed by
both your office and the ACHP prior to filing the Record of Decision (ROD).
Vederal actions leading to disposal at the site can follow filing of the ROD.

Also, I understand that an OA need only stipulate the plan of action leading
to full compliance with Section 106. Accordingly, we are nov preparing an 14OA
based on this understanding.

As the Determinations of Eligibility and Effect for the Fuller and the
MA will not be available to you until after May 12 when the PSDDA EIS is
scheduled to be sent to the printer, I ask that you confirm the foregoing by
letter to Hr. Frank Urabeck, PSDDA Study Director, by May 6, 1988. This will

permit us to present the status of coordination in the final EIS.

If you have questions or comments, please direct them to Mr. Urabeck at
telephone (206) 764-3708, or Hr. David Hunsell, Staff Archeologist, at tele-
phone (206) 764-3630.

Sincerely,

RANCE N. ROUNTRER
Lt. Colonel, Corps of Engineers

Acting Commaoder

Enclosures

Copies puruished
(see mext page)



Copies Furnisheds

Hr. Robie Russel Mr. Ron Lee
U.S. gnvironmental Protection U.S. snviromental Protection

Agency, Region I Agency, Region 11200 Sixth Avenue 1200 JSth Avenue
Seattle, Washington 98101 Seattle, Washington 98101

Mr, John Malek Mr. Greg Sortie
U.S. Environmental Protection Washington Department of Ecology
Agency, Region X Kailstop PV-1l

1200 Sixth Avenue Olympia, Washington 98504

Seattle, Washington 98101

Mr. Mike Palko Mr. Keith Phillips
Washington Department of Ecology Washington Department of Ecology

Mailstop pt-li Kalstop PT-J1
Olympia, Washington 98504 Olympia, Washington 98504

Mr. Steve Tilley Mr. John DeMeyer

Washington Department of Washington Department of

Natural Resources Natural Resources
Marine Land Management Division Marine Land Management Division

ailstop EX-12 Hailstop IX-12
Olympia, Washington 98504 Olympia, Washington 98504

Mr. Dave Jamison Mr. Alan Stanfill
Washington Department of Advisory Council on Ristoric

Natural Resources Preservation
Marine Land Management Division 730 Simms Street, Room 450

Hailstop EX-12 Golden, Colorado 80401
Olympia, Washington 98504

Me. Sarbara lehie
Washington Departumut of Ecology
Vailstop PV-ll
-Olympia, Washington 98504

routing and cc's see next page
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CHUCK CLARKE

STATE OF WASHINGION

DEPARTMENT OF COMMUNITY DEVELOPMENT
OFFICE OF ARCHAEOLOGY AND HISTORIC PRESERVATION

111 Vest Twenty-First Avenue, KL-11 * Olympia, Washington 98504-5411 a (2L6) 75)-4011 a SC4N 234-4)1l

May 9, 1988

Colonel Phillip Hall
Department of the Army

Seattle District, COE

P.O. Box C-3755
Seattle, WA 98124-2255

Log Reference: 1008-F-COE-S-04
Re: Puget Sound Dredged Analysis

(PSDDA)

Dear Colonel Hall:

We have reviewed the letter of April 29, 1988, from Lt. Colonel Rance
Rountree, and your proposed plan of action for the Puget Sound Dredged

Disposal Analysis (PSDDA) compliance with Section 106 of the National
Historic Preservation Act.

We concur with the preliminary information from your archaeological and
prehistoric sensing research that suggest the A.J. Fuller may be
eligible for the National Register of Historic Places. We concur with
your plan of action and agree that implementation of this plan should

satisfy the Section 106 requirements. Also, based on discussions with

the Advisory Council on Historic Preservation, we agree that the

completion of an MOA (as outlined in your letter) and the ROV recon-

naissance there is no reason why your record of decision cannot be

filed and the Elliot Bay disposal site made available for use. We look

forward to finalizing the proposed Memorandum of Agreement.

Please feel free to contact us should you have any questions. We look

forward to working with you on the ROV activities.

ncerely,

acob E. Thomas

State Historic Preservation Officer

mr

cc: Robert Fink

Archaeology and Historic Preservahion * immunsly Serw,, * Emergency Management * Fire
Protection Services L local I)evelopment and Housing a Local Government Sersxes * Publi Works

..-



~,~~j UNITED STATES DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Northwest Region
7600 Sand Point Way N.E.
BIN C15700 Bldg. 1
Seattle, WA 98115

MAY 9 19
F/NWR5

Mr. Frank Urabeck, Director
Puget Sound Dredged Disposal Analysis Study
U.S. Army Corps of Engineers
Seattle District
P.O. Box C-3755
Seattle, WA 981Z4-2'255

Re: Draft Response of April 29, 1988 to National Marine Fisheries Service March
24, 1988 Comments Concerning the Puget Sound Dredged Disposal Analysis
Phase I Draft Environmental Impact Statement and Technical Appendices

I

Dear Mr. Urabeck:

Per your request, the National Marine Fisheries Service (NMFS) has reviewed your
draft response and offers the following comments to supplement our March 24,
1988 letter regarding the Puget Sound Dredged Disposal Analysis (PSDDA) Phase
I draft comments referenced above. 4

NMFS acknowledges the need for and supports the development of an open-water
dredged material disposal program as an available alternative for the management
of such materials in Puget Sound. In this regard, we commend the concerted efforts
of the principal PSDDA agencies to accommodate the economic development of
the Puget Sound region in an environmentally acceptable manner.

We believe the designation of specific disposal sites in each of the major urban
embayments of Puget Sound (Commencement, Elliott, and Port Gardner Bays),
is necessary to provide regulatory agencies and resource managers with both immediate
and long term practicable dredged material disposal alternatives. We concur with
the selection of the preferred disposal site at each of these locations subject to
the concerns expressed in our March 24, 1988 letter.

The implementation of PSDDA guidelines that limit disposal activities to sediments
that pose no adverse impacts to aquatic organisms facilitating the preservation,
restoration, and enhancement of Puget Sound's estuarine resource remains our
primary objective. Considering the importance of these resources to the socio-
economic welfare of Washington State, we believe the protection of aquatic ecosystems
in Puget Sound should be afforded priority consideration by the PSDDA program.
With this objective in mind, NMFS:

.



1. Is prepared to review proposals carefully in Site Conditions I and Z on a case-by-case
basis to evaluate the potential impact from open water disposal. We recognize
that a determination will be necessary "that there is no practicable alternative
before open-water disposal can be allowed" (as stated in your draft response)
to avoid unnecessary adverse impacts to important public trust resources. (In
accordance with regulations promulgated pursuant to Section 404 of the Clean
Water Act and the National Environmental Policy Act.)

2. Concurs with your draft response which states "there is a need for better biological
testing to fully assess chronic and sublethal effects of sediment chemicals of
concern". We intend independently to continue our development of scientifically
acceptable sediment bioassay techniques to improve sediment testing and monitoring
programs aimed at protecting aquatic resources. Our results will be made available
for possible use in the PSDDA program.

Thank you for this additional opportunity to express our position concerning key
elements of the proposed PSDDA management program. If you have any questions
concerning the contents of this letter, please contact Merritt Tuttle of my staff
at (503) Z30-5424.

Sincerely,

/cn'- Rolland A. Schmitten
Regional Director


