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0RGAflIZATI0NAL PREFACE 

This document is a teahn.i,cal <1-ppenclix to the Managment Plan Repot:C (~;Pl\) Iuz:
che Puget Sound Dredged DJ,spo·sal Analysis (PSDDA) s t udy, and was preparnd by 
the Evalu;;ti11n l;'rocedures Work Group ( EP\.iG ) . Evalu,;tion proC"edures ai:e tlte 
sampling., testing, and test interpretation (disposal guidelines) of dredged 
material. propost:d f.ot unco nf ined, o;,en- wate t disposal in Puget Sounil . 

Part I of the technical appendix contains backgrouftd and 11,troductory informa
tion for dredged mated.al management. The remaining pares are oq~anized by 
disposal option and address the technical conclusions of EPWC . The FSDDA 
study focuses on unconfined, open-water disposal, dis~ussed in detail itt part 
ll. ln addi tion co technical recommendations , a detaj led cost analysis is 
presented based on alternati:ve chemical and biologlc,il g u ideline,; io-i: dts~osal 
of dredged material at unt1onfined, open-wa t e r sites. 

lo pare 111, disposal on iaDd or intertidal aceas using a c:onventiona 1. design 
is briefly addressed. Confined disposal of contaminated sediment.,, ia a l so 
discussed. \.ap pipg an aquatic disposal sit:e is one me thou of confi ned d1 s
posaJ.. Two othet methods are diked near shore (i.e . , intertidal) and upla nd 
disposal. Thr= t echnical appeudix is concluded lli t h a Ust. M references, " 
glossary , and sever al exhibits . 

Exhibits included 1D the t eqh11ical a p-pet1dl-X provide add.idocial ;::ewnical 
de t ails or summary information, iDcltiding a detailed docomentation of the !lPl•,C 
Plan of Study (exh,ibit A), Regiona l Administi:acive Decisions <exhibii: B), \!.S, 
Army Corps of Engineers Secti!ln 404(b){ l) Disposal Guidelines (exhibit C), and 
Cost Analysis Case StuHes (exhibi_,: 0) . Summaries ot 21 techni. c;.,1 rep.-.ns 
relevant to the work of EPl<G are provided in e xhibit E. Additional back
gr-out1d, litei:ature review, and pei:spective on dredged ~aterial managemeut is 
pro.vided in an art.i,cl.e by Engle r (1980) included a s exhibit F . Many of the 
issues s uttounding dreaged material disposAl a~e a.ddressed la these s;,ocial 
re port s and are i ncoi:pot.ated, partl y by reference, 1 n the main body of tne 
techn.ical appepdi~. 

The technical appendix is not Intended co be a '' user" mllnuill, rather it. i s a 
document t hat e iq,lains t he developmeDt a nd . ationale for t oe evaluation proce
dures . A separate "user's manual" for regulatory agencies is being p repared 
by the Washi11gtoo Seate Department of Ecology . Ihe user's manual is scheduled 
t:o be available b,y tfle wince,: of l':181.!. It should be helpful to those planning 
dredging projects. 
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EXECUTIVE S UMJ-JAR Y 

This documenc is a technical appendix to che Nana,gemen t PJan Report (NPR) £or 
the Puget Sotmd Dredged Disposal Analysis (PS'DDA) s tudy. TI1e goal of PSDDA is 
to provide the basi,s .for publicly acceptable guiddines goveming environruen
cally safe unconfined, open- watec disposal of dredged material.Y, and 
provide Puget Sound""Wide consistency artd predict.albilicy in decisions concern
ing dredged material disposal. This study is beiug conducted in two phases 
addressing two geographic regions of Puget Sound . Phase 1

1 
which began in 

April 1985, has been conducted over a 3- year period and involves the c·encral 
portion of Puget Sound from Tacoma to E:lr~ec-i:. ehase n overlaps the Phase. I 
schedul e and includes the balance of Puget Sound. TAis technical appendix, 
prepared by the EvaluaUon Procedures Work Group (EPWG) , focuses on the Phase 
1 area of PSDDA. 

ERW is an inter a_gency commiccee composed of reprt,sentatives from aach of th.e 
PSDDA agencies : the U. S. Army Corps of Fngineers, Seattle Dist.rice ('Corps) as 
lead agency, the IJ . S. fuviro,:unental Protection Agemcy, Region X (EPA), the 
Washington llepartmen t of P.cology (Ecology), and the Washington Department ·of 
Natural Resources (DNR). ENG is responsible for developing procedures to 
evaluate dre~ged material, including requirements for sampling and testing 
dredged mace-rial and guidelines for dredged materi,al disposal. 

U·iPLEMENTAT.ION OF l'flE PSDDA EVALUATION PROGEDtmES 

ResponsibU.1.ties of each of the PSDDA re&ulatory a1geactes undet Section 404 or 
Section 401 of the Clean Water Act ( 0,/J\) will be «ccolf\Plished in accordance 
with each agency's authorities and policies . The PSIJDA dredged mate.rial eval
ua t ion procedures will be applied by each regul atc,ry agency consistent with 
che.se authorities and pol icies . The procedures provJ.cle the basis for an over
all approach which can meet the case-by- case reqd,remen t-s of botb Sect.ion 404 
anci Section 401. Most elements of the PSDDA proce,du.res are co01JJ100 to both 
autbori1:ies. However, some elements are unique t el either Section 404 trr Sec
tion 40l requirem1ants. Those seeking approval. £or unconfined, open-water dis
posal. wilJ. need to meet both i::equire.mencs, i .e, , 1:0 undertake the full suite 
o f PSDDA tests as each a~ency deter111ines tiley are appl icable. 

'fhe Gorps requirements for the evru.uation o.f dredged material proposed for 
unconfined disposal in Puget Sound wacei:s , as spec:ifed in Subpart G of the 
Section 404 (b)'(l) Cuidelines, will be met prima-riJ.y by t he Section 4-04 compon
ents of the l?SDDA evaluatioo proce.dw,e,; . Toe Section 404 components of the 
PS DDA proce dures are, and wtl.l be, appli.ed consist:enc with che narianal Corps 
process described in the PHP. The Cor ps will address other .aspects oJ' t h" 
Seccion 404(b) (l} compliance, such. as impaccs on mavigatioa and 

};/Please see glossary (par t V) for a definicion of terms in text. 
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IMPLEMENTATI ON OF THE PSDDA EV.ALUATION PROCEDURES (con.) 

national cnmmer~e and avoidance and mini mization of impacts, including mitiga
tion of unavoidabla impacts and a l teroar-ives analysis on a case- by-case basis. 
Required national Corps procedures £or implementation are reflected _in 51 .FR 
19694 dared May 30, 1986 £or Corps projects and 33 CPR 320- 330 for the Corps 
regulatory progral!J, 

EPA will rely on the PSODA evaluacion procedure,s as the basis f or pre,,eoting 
sign:Lficant degradation of the aquatic environ.ll!ent, as re.quired by 1:he Section 
404(b)(J.) Guidelines. These pr ocedures represent the testing approaches and 
procedures, allowed under the Guidelines, which EPA would require during the 
evaluation of dredged m.ateriaJ. . Other aspects of the Section 404(b)(l) com
pliance, such as avoidance and minimization of impacts, i ncluding mitigation 
of unavoidable i.mpacts, will also be adcb:essed' by EPA, during comprehensive 
reviews, on a case- by-case basis, 

Ecology will apply 1:he appropriate PSDDA evaluation procedures in assessing 
applicati ons tor SecUon 401 Water Quali·cy Certification. Initially , the pro
cedures will be treated as guidell.nes, Bowever, •depend.1,qg on aetions chat 
might be taken by the l'liget Sound Water QuaJ.icy A!uthority ('PSWQA) in their 
adoption of the proposed .PSDDA management plan as a fen ture 0£ the PSWQA Water; 
Quality Management Plan, t he PSDDA evaJ.uation pro,cedures may later be adopted 
as State regulation. 

ORGANIZATION OF REPORT 

Part I of tl:lie docwnent coosists of an introducti,~n to PSDDA and tbe d11£erent 
options for the management of d r edged material. Part I I con·tains thee focus of 
the document, which ls a <Uscussi oo of the unoonf:lned, open-wacer disQosal 
option. Part III generically addresses otber options. for dredged material 
disposal . Part IV i.s a lis t of references. A glossary of terms is pr esented 
i□ part V, 

~TRODUCT1ON AND BACKGROUND 

Dredged material is a comple11 mixture of soil, miJJerals1 water, organic mattez 
(for example, dead and living plant Aud animal maiterial .J, e.nd inorganic and 
organic ehemicals. These constituents can inrera,!t: with the environment in 
wa.ys that are bo t h predictable ana difficult to p:redict. Tbese inte,;actions 
may in some instances resul t in unacceptable adv~rse effects. Por exsm~le, 
shrimp e11posed to d.redg_ed material containing e.le•vaced l evels of chemicals of 
concern may accumulaca some of these chemicaJ.s, r,~snJ. ting in decreiised 
reproduction. Beneficial effects from dredged materia l also may result, for 
example, from the addicion of food material or enhancement of habii:a ts. 

AJ. thoug1i all dredg.ed material contains a mixture ,)f chemicals , not .all dredged 
material contains chemicals at concentrations t hat a.ee of concern. Proeedures 
foi: evaluat:ing tlie potent.ial for unacceptable adv,?rse effects to occur from 
materials containing chemical s of concern is ~sse11t:ial to proper dredged 
ma t erial management, 
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INTRODUCTION ANO BACKGROUND (con.} 

!'-rocedures for evaluating potential effects include dredged material sampling 
and testine requirements, and disposal guidelines . These requirements and 
guidelines are used to determine U' dredged material is accep table for uncon
fined, open-water disposal, or i f confined dlsposal ( f or example, capping) is 
warranted. EP-', considered the following five ma jar approacbes in developing 
chese evaluation procedures: 

1. A technology-based approach ( re.lying excl·□sively on a single design/ 
best available t echnology to manage d redged ma t erial) . 

2 . An approach focused solely on restricting the envicoomental release or 
l oading of dredged material chemicals of concern, 

3 . An a)'proaclJ based exclusively on avoiding human health effects. 

4 . A refen,nce site appr oach (i.e, compariso:n with cond:it i ons at a site 
that is considered to be enviroomentall.y ;,1ccepcabl e). 

5. An approach ba&ed on avoiding. biological ,af_feci:s. 

The approach r ecommended by EPwU i s a com bination of these five approaches and 
is based on the following premises : 

o The evaluatioo of dredged material and sul~sequent ll!Bnagement dec:isions 
should be based primarily on a voiding una•::-ceptable adverse b iological 
effetts. 

o Biological. and chemical tes cs should be uBed t o characterize the 
dredged material, where needed . 

o Res.ults of bioassay tests should be interpreted relat i ve to results 
for sedimen t samples from a acceptable te:Eerence area. 

o lfnman health concerns should be considered in i nterpreting test 
results . 

o lf test results indicate a potencial for unaeceptable biological 
effect s , measures should be taken to redu,ee or prevent these effects 
using appropriate technol ogy. 

o Project design and other project decisioo,a must consider the potential 
for the release of dredged material outside the disposal site. 

A testing sequence was developed co ensure consisJ;ent and )'redictabl.e appl ica
tion of chis approach. l'he test:ing sequence is a tier ed process for revi ewing 
existing infor.matio,i,, selecting and interpreting upproprlete biological and 
c.hemical tests, and defining disposal guidelines :f or dredged material. Dis
posal guidelines provide the basis £or data analyi;is and indicate possible 
da t a interpretation . 
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INTRODUCTibN AND BACKGROUND (non. ) 

Th.e ilisposal guidelines are expec:ted to al)ply in the majority of cases. !-tow
ever, che PSDDA evaluation procedures will be applied on a project-spec:ific 
basis. "Exceptions'" t o the guidelines would be allowed wicb ilppropriace tech
nical rationale and docµmeotatlon, when such rationale wart:ancs c1 different 
conclusion. In developing general procedures for use everywbere in Puget 
Sound, it was not possible to consider aU indivi•dual project te.cbnical fac
tors, o..- assess all the possible outcomes that llli.gh t aril;e .from the t:est 
results. Consequently, '"professional judgment" i.s essential in reaching 
project-speaific decisions, and tbe evaluation pr,oaedures (including t b.e dis
posal guidelines) are designed to be suffic.ientJ.y flexible to allow full con
sideration of all pertinent project factors. The teahnical rationale for any 
departur.es from the disposal guidelines will be d,otumented by the permicting 
agendes. 

PART Il . UNCONFINED, OPEi~-WATER DISPOSAL 

In the period from 1985 to 2.000 1 the volume of dr•~dged material in the central 
portion of Puger Sound ( the PSDDA Phase .I area) ci,uld. increase 35 percent ovc,r 
the previous 15-year period (l.970 to 1985). '.Fne 1c:rend i n d..-edg:ing projeats 
indicates that there will continue co be a ,great demand for open-water dis
posal sites. Unconfined, open-water disposal is generally preferred over 
other options because of substantial. cost adva:ntages. In addition, uncon
fined, open-water disposal maintains &4e dredged mate rial in a water- saturated 
condition that can significanc1y limi t the potenc:lal fo,: re.lease o:f cert:ain 
chemicals of concern, such that it is envi-ronmentally preferred i.n some cases , 
Other disposal optionS" include "conventional'" ( i. 1? ., with no special restric
tions for chemicals of concern) upland or nearsboire disposal and "con£ined" 
(i.e., including restrictions for aheminals of co11cern) aquatic (capped), 
nearshore or upland disposal. 

Part II of the report focuses on the develo pmenc of evaluation pcocedures for 
che unconfined , open~ster di sposal option. 'rhea•~ procedures we.re developed 
io ligltt of regulations and guidelines 1;umma.rized below. 

Regulatory Bacuround. Regulation of trncon£ined, , open-water disposnl of 
d,edged materi ls based oo the Clean Water Act 1,CWA; Public Law 92- 500, as 
amended). The CWA establishes a permit process for dredged material. disposal, 
wich guidelines for designating disp.osal sites ba:~ed on the following four 
requ:i,rements: 

1. Al.t e1tnative.5 to t he dredged material di-sposal activity must be con
sidered (e. g,, disposal in ;,nother locati1)n, or disposal of smaller 
quantities of material). 

2. The disposal activicy must comply with Federal water qual.ity cri,eria 
and State -.rater quality standards ( tnese. i:riter;!.a and standards are 
est~bllshed t o prorect the aquatic envi.ro11men t by providing limits £pr 
crertaln wacer q,ull,li ty aharaateristics and permissible 1evels of chemi -
ca.ls of concern) . 
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Regularocy ]acl<ground (con. } 

J. The. discharse must not have significant adverse effects <1n huma n 
health or the receiving waters. 

4. Appropriate steps must b·e taken to minimize adverse effecrs . 

The PSODI!. studies .focus on the eval11ation and testing prqcedures required by 
the CW;\. The Section. 404(b)( J,) guidelines for spec:l.fying d.redged material 
disposa1 sites are presented in Title 40 of the C:ode of Federal Regulations, 
Part 230 (40 CFR 230). Subpart G o.f 40 CFR 230 provides guidance for evaJ.uat
in.g and testing dredged material. 'the Section 404(b)(l) Guidelines also 
specify numerous ~£facts determinations, descri be potential impacts that 
should be considered in the determination process, provide guidance on the 
ev;a.w.-tion and testing of dredged material, and " uggest actions that can be 
taken to min.imlze adverae effects . The Corps dete rmines i.f disposal in open 
water is consistent wi th Section 404 of the CWA. EPA reviews and comments on 
these consistency dec~sions. In addition to Sect ion 404 Guidelines and 
requirements, Section 401 of the CWA (State water quality certification), 
requires Eeology to certify that dredged material disp0sal will not violate 
appropriate and applicable S tate water quality standards . 

Historical Background . In :Puget Sound, several approaches have been taken to 
evaluate the potential for unacceptable a dverse effects due to the disposal of 
dredged material ac uncon.fined, open-water sites . P.ior to 1984, the Section 
404(b)(l) Guide2ines uor teetlng- a nd evaluation of d redged material were not 
consistently applied to non- Corps projects or inte111retatione varied among the 
regulatory agencies . Testing re'1u1rements and test interpretations were 
determined on a "case-by- case" basis for each project. Tasting tha t was con
ducted usually e~phasized water quality effec ts, using a procedure know as 
'"e1utriate testing" to det ermine if ch emicals would be released into the water 
column du-ring dredging. In Puget Sound, the effe,cts of cnemicals of concern 
that remained bound to the sediments in the disposal site were often not 
directly studied and, as a 1:esult, the potential conseq uences t.o the Sound's 
aquatic ecosys t em were not known. 

The lack of fully consistent evaluacion procedures, or specific objecti.ve 
decision criteria led, in pare, to th.e establishment of interim disposal 
criteria by EPA and Ecology for the Fourmile Rock disposal site in Seattle's 
Elliott Bay in 1984 and the Por1: Gardner site near Everett in 1985 . The Fol.ll'
'll!ile Rock cri teri;? became a condition 0£ t ne local shoreline permit issued by 
the cicy of Seattle tn ONR and tbe Port Gardner criteria a condition of the 
city of E-veret permit for the e,c:;f;sting Port Gardner site. Subsequently, in 
198-5, Ecology dev,:loped the Puget Sound Interim Criteria (PSIC) ta ensure that 
the o,her Puget SoW\d disposal sites did not e.~perience silllil ar probl ems . 
These criteria have been used in the interim pending development of regional 
Sound- wide guidelines for dredged material disposal. 
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Historica1 Background (con.) 

Test Sequence and Di.sposal Guidelines for Onconfi11ed, Open-Water Disposal . 
Dredging and subsequent disposal at unc:onfined, o;pen- ,1acer sites requires con
sideration of a number of environmental processes and pachways for tbe trans
port of chemicals of concern, Pac:cors. relating c,, dredging and disposal 
include : 

o Losses of material dispersed during dredg:Lng. 

o Losses of dredged macerial during transpo:ct (i.e., from barges), and 
volatilization of chemicals of concern. 

o Losses of dredged material to the water column or along the bottom 
during disposal. 

o Losses of -material from the disposal mound. 

Pathways for chemical transport from the disposal site include convec:tion, 
diffusion, and bioturbation. 

The evaluation procedures assessment sequence £or uncon.fined open-wate r dis
posal includes three tiers: 

o Tier 1 - assess existing sediment in:format::ioµ. 

0 

0 

T.ler 2 

Tier 3 

conduct chemical testing, if necE!ssary . 

conduct biological testing , if nE!ceasary, 

The u11e of these tiers i.n defining ac:ceptabilicy J:or disposal a t unconfined, 
opeCL--wa·ter sites is summarhed in figure l. 

Preliminary Ranking and Review of the Dredging Site. Three steps ta.ken by the 
dredger and regulatory agencies hel p determine wb.,ther chemical or biological 
tearing. is req11ired to assess acceptabilit:y of drudged material_ for uncon
fined, open-water disposal. These three steps invo1-ve ranking a site based on: 

1.. Its locacion relative to chemica1 sources and historical data on chem
icals of concern in sediments and water, 

2. The pr oposed volullle of sediment to be dredged. 

3 . An assessment of existing data for the sit:e (e . g., how recen·Uy and 
frequently has the site been sampled, and whether quality assurance 
data a r e available). 

BS-6 



I 

VES 
~ onduc I So,olal 

So • cla1 &1ol09leel Too 

. .... l:\l l • l l, 1htO {CIHQnit/SUbl•lll'all 
l'\m0n10od Bloaceumulation I-') 

J u v1nll• S•vah'f O liut Tu1, I&) 
Larvtl P ) 

Mtc.ro , 0 11 1-'i 

NO 

TU:i! I 
.l.ua u E•a,11,g St:dtrnent 1"0-.idt ',' lr,lo 

NO 

HS (2 

A.rt Clum•~• • 
0.tt A.dtau•1••> 

TIEA 2: 

Conoue, Cl'lu"'lcaJ 

A.bov• M1J1 lmurn 
L,011 

TIER 3 
Suq«ia,o &ioJogh: al Tua 

YES ( II 

( A. c~l •_l laUlal) (Ol'l t o n tc :Sub!•ifl1I) 
Amol'llpod 8 1Gac,: um111a11on 15) 

Juvan,1, 8 i'llai<o111 l1H'v•I f3 ) 
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ves 

(1) Blologlca,I ,~&ting m.ay still be requ1red If there ts reason to belleve that the sediment Is highly anoma lous
and may fepresent a .$ignUlcaftt environmental risk even though all chemicals o1 concern are below 
screening levels for unconfined op en4 Wat or disposal 

(2) Standard tier 3 biological tesHng can still b~ conduc t ed wh1en onl y a single chemical of concerr, exc~od& 
the maximum level by < 100% Biofogtcal testing ot matenal with ahemlcal level s above maximum leve l 
ii al lowed as an option of the dredger(see f ootnote 6) 

(3) The huval ,pecies c a.n be used rn either a sediment toxicity bfoauy (lor Sect ion 401 ) and/or In a water 
column bloassy ( lor Section •o• ) The sediment farVal test i s required whenever biological testing is 
necessary, the water column larval test \s only required when water column effects are of concern. 

(..4) Microtox testing is required only for Sec11on 401 reviews; 11 is not required tor Section 404 evalua1ions. 

(5) The chemlca.1 screening level th ■ t de t ermine, when bioac-cumulaton testing l s required Is hi gha r than 
for other birlogtcal t e$tlng. 

(6) Sp.eciat biologicaJ testing under 11,e •oredger Option· will lr1cludc addlllonal1 more sensl1ive sublethal 
blo1ogical tests (see EPTA), 

Figure 1. PSDDA testing sequence. 
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Preliminary Ranking and Review of the Dredging SLte ( con.) 

These steps constitute the first tier in evaluati.Jrtg a project ·to deterndne if 
there is a :reason to believe that there is the po·tential, and the degree of 
that poteQt:!,aJ., for finding sediments containing 1:hemicals of conce!"Q in the 
project area. EPl<G has identified some ai,eas in ,:entrai Puget Sound wbich are 
considered to have a high, moderate, or low pote.n·tial for finding chemicals of 
concern in ar ea sediments. Tb.ese rankings provid,~ the p ro j ect reviewer witi) 
initial guidance for sampling requirements. Actwtl project location within 
the area and p,:oject:-s1>ecific factors would· be co11sidered in a· final 
determination. 

Previous sediment testing data can be used 1>rovid:lng it is recent data and 
there is some assurance as to the quality of tbe data , EPWG nas provided 
guidelines concerning how recency and qual.icy of data should be considered in 
assessing a proposed pro ject. 

Sampling Issues and Conoerns. Major issues addre,ised by EPWG include : 

o Definition of dredged mate.rial management units, 

o Sampling methods for characterizing sedimi,nt chemistty under condi
tions of a patchy distribution of chemicals of concern. 

o Sampling sediment below the. proposed dredging dep t h to aharacterize 
tbe sediment surface that will be exposed aftet'. dredging. 

o Sampling metb.oda and depthi;, and sample s t:orage, archi vin,g. and 
management. 

o Ocher issues such as subsampliog, composi1:ing, documenta tion, push 
core sampling, grab sampling, and sample !:racking. 

Sampling and Testing Sequen!l'e, After a reason- to··believe eval uat1,on. ( tier 1) 
of the pco j ect area and if there is a determination that the sedi ments may, 
contain chemicals of concern, t:he next evaluation is t o conduct sediment cllem
istr,y analysis (tier 2). Tier 2 involves bulk chlimical testing for specific 
chemicals of concern. Biological testing of sedi.n,ent ( tier 3) i~ required 
only if chemlcal concen1: rac.ions falls \.lithln a cei: taio range. Tier 3 involves 
acute toxicity bioassays and biooccumula tion analjrses. 

Because the proposed procedures cont'lin several £ iiatures that have not 
received full implementation in a regulatory prog1:am prior to PSDDA, annual 
reviews of evaluation procedures will be uadertak"n once PSDDA. is initiated, 
llased on tbese reviews, evaluation procedures will. be revised as appropriate . 

Future improvements iII agency ability to characce,:ize tha distribution of 
chemicals of concern in Puget Sound sedi.JDents and to better understand the 
relationship becweeo specific chemical concentrat ilons and biological e£fects 
likely will i:esult iii an eventual reduction in san,pllng and anal.ys.is 
reguirements. 
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Chemical Tes t ing. During development of the PSllD,~ evaluation procedures, che 
role that 'I'ier 2 (figure 1> chemi.cal analyses sbo•llld have in sediment testing 
and decisionmaking was considered at length. In most dredging programs 
thr oughout t he couotry, sediment: analysis, if con,!ucted at all, is used for 
informational purposes on.ly, providing an invento,cy of chemicals present in 
che sediments to be dredged. In the Puget Sound Hrea, however, a comprehen
sive data base f rom urban and rural bays and waterways is available that i ndi
cates that sedimeo t chemistry can be used for non, i:han just prov iding general 
in.fo rmation on the sediment. When analyzed, the l'uget Sound da ta can be 
intei-preted to revesJ. gene-raJ. conclusions about the relaUotl between concen
trations of chemicals present in indivi dual sedimE,nt samples and the biologi
cal effects that were associated ldtl1 t hose sedimtents. However, the data do 
not elucidate cause and e ffect relationships, but ratlter provide empirical 
observations of biological impacts associated with cert<lin levels of chemi
cals . Consequently, tbis data base c;in be used cc, determine i f there is 
r,e.aeon to believe chat chemicals of noncern are p10eaent whitli could 
poten,ially r esul t in advei:se biological effects. 

Che!ll.ical tes t i ng wouJ.d be used by decisionmakers ncc6rding to rhe following 
two kinds of guidelines : 

o A relatively low chemical screening level (SL) below which ,here is 
reason to believe the dr edged material is acceptable for unconfined, 
open-wateT disposal without biological te!:ting. 

o A higber maximum 1eveJ. (ML) of cheJD.ical concent rat i on above which 
there is reason to believe that dredged m«terial wouJ.d be unacceptabl e 
for unconfined, .open-..ater disposal. 

Diological testing is required co make a decision for all dredged material 
with chemical concen t rations between t he SL and ML. A dredger option to 
conduct biological tests on material that exceeds the ML values n a e been 
provided. 

Once the chemica1s of concern were identilied fot Puget Sound, screening and 
maximum levels were established for each chemical. by EPWG. An evaluation of 
sedimen t quality valµes, which are chemicaJ. concen,trations correlated with 
observed biological effects, was made in setting t:he SL and flL -values . The_ 
sediment quality -values derived by EEWG are based on primarily applicetion of 
the Apparent Effects Thresholds (AET) method (Te·tt:a Tech , 1985a) . The A.Er· 
method was originally developed for as e in the idemtifyin-g chemica1 conaeat,;a
tfons in sediments that warran t: containment ot cl<>anup in Commencement Bay. a 
large Superfiund site iu Puget Sound. Before applying the ~T method as a tool 
uoder PSODA, the Puget Sound data base was expandBd to include sediment chem
iscry and biological efieccs iciormatioo from addi.tiooal nearshore mrban/ 
industrial areas and multiple ,.clean" reference sl:tes. 1nfornrat,i.on contained 
in the data base included over 190 stations , sedi01ent chemica1 analyses on il 
chemicals, a variety of COllVentioqal parameters, benthic communi t y analyses, 
antl the results of mu.l.t!species bi oassays. 
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Chemical Testing (con. ) 

For a given set of field dat:a, the AP.T J.s the sed:Lmeot concenttation of a 
chel!lical above which a particulat: biological e.ffe,~t was always observed. Bio
logical effects for which AET were developed include depressions in the abun
dance of bentb-1c infauna (e. g ., decreas<! io the number of ind-1viduals) and 
several toxicity indicators ( e, g., bio;1ssay for a,aphipods, bac·te-cia1 lum;l,oes
cence, oyster larvae). AE'l' are developed on a ch•~mical specific b,;isis for 
each biological test independently. The range of ABT for a given che.mica1 may 
vary depending on t:he sensitivity o.f the various !;est: species represented in 
the da-ca base. 

Because of uncertainties associated with bioassay sensitivity and the rela
tionship between lienthic community anaJ.ysis and potential lmpac;:s a t the 
disposal site, no s i.ctgle test ~Twas selected by EPWG as the basis J;or es tab
lishing the dredged material ,Usposal guidelines. Rather, the decision wa~ 
made to utilize all of tne available to.formation. llioassay-based ABT were 
incoi:poraced because tney provide .foresight regarcl.ing material toxicity and 
the likely outcome of laboratory tescs . They do 110 without resolving the 
specific cause o.f ,observed toxic effects and, as applied in the dredged mate
rial evaluation process_, withou1: implying that thH laboratory toxicity will 
necessarily be expressed in the fi·eld at t he ultina te disposal sit:e. There 
are a variety of factors, including natUl'.al variability and nonsediment 
,inthropogenic in.flueoces (e.g., sh-1p passage, watiir quality , etc . ) that can 
influence the condition of. the bottom- community, henthic infaunal lnve,;te
brates. liowever ,. benthic commuaicy-based A:ET provide corroborative evidence, 
and a means of protecting against potential impacts that might not be mea-sured 
by sit1gJ,e specte.:i ec\lte bioessays ox: limited cbemjLca.l l!llaly,Sis . 

In deveJ.oping the sediment chemistry guidelines for use :f.n PSDDA, the. ML for 3. 

given chemical of concern was set by EPWG using tbe highest AET £or a range of 
biological indicators. At sediment concentration>! 1,1bove the HL, there is 
reason to believe th·at the dredged material would be unacceptable for uncon
fined, open-water disposal. However, the dredger does have the option to con
duct biological t:est.ing instead of re1ying on t he indications of the ML. 

ML' s will be revised as neerled during periodic reviews of the evaluation 
procedures. For most chemicals, ML' s were set separately for i ndividual ch.em
i cals. ML' s were also set for certain groups of c:he.micals, i ncluding poly
chlorinated biphenyls (PCll' s), J)O'l' isomers, and low and high molecular weight 
polycyclic aromatic bydrooarbons ( LPAfl and HPAH). 

Tl'te SL was set at 10 percent of the ML, provided: 

0 

0 

The value is equal co o r exceeds t.be average co□centration for ch~ 
chem:ical in Puget Sound reference .areas (areas in wl:tich adverse bio
logical effects are not expected). 

The value. is less than the lowest AET det1!rmined for a range of bio
logical i ndicators . 
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Chemical Testing ( con.) 

Modified SL' s wer e established for phthalace este;rs (common lahota~ory chemi
cals of concern) and pesticides (infrequently det,aoted in Puget Sound) . The 
use of a SL red u.ces the cost of t.esting dredged m,~terial £or wbich there is 
l icrle reason kO believe that unaccep table advers1~ e£feccs will result from 
i t s disposal at unconfined, open-water sites. 

Only c.er-cain chemicaJ.s are routinely considered ill the evalus1don of d r edged 
matetial . These chemicals of concern co be analy,:ed were identified by con
sidering toxi col ogical information available for i!hemicals known to \le fouo.d 
in Puget Sound. •niese 58 ci,emicals of concern have the following, 
characteristics: 

o A demonstrated or suspected effect: on eco:logy or human heait h. 

o A widespread distribution or high concen t i=ation relative to natural 
conditions . 

o A potential for remaining toxic for along rime in the environment. 

o A potential to bioaccumu.late and enc er th,! foob web . 

Standard protocols were adopted for metals and metalloids, organic chemicals, 
and conventional cests (e.g ., for total vol atile ,;ul.fides). Decectioo. 1.imits 
were specified f or metals and metalloids, and organic chemicals . 

Siological Testing. Ri'WG add r essed several biological. testing i ssues, includ
ing use of refe rence sites for interpreting biologi cal dat a. Data oo graln 
size, percent solids, and 1'.otal. organic carbon ar,i available for the six a ices 
listed . In addition , data from these sires indicate low or unde t ected le.vols 
of chemical.s of concern. 

The biological testing program was desi gned to address both whole sediment 
toxicity and potential. wat·er column effeats. Und<:r Tier 3 (figure l) several 
acute bioassays are specified : an amphipod r est, a juvenile bivalve rest, 
larval tests (used for sediment tox:idt'.y and/or f<>r assessing water c.olumn 
effects~, and a bacterial bi oluminescence test (c<>mmonly referred to as the 
Microtor te,rt ) . Ilse ·of multispecies te,rts attemp1rn to account for the diver
sity of aq uatic species present in Puget Sound. l)f these tests, the amphipod, 
juvenile bivalve, and larval tests pertain to conllucting ecologicaJ. evalua
tions pursuant to bo th the Section 404(b)(l) Guid<'lines and Section 401 water 
quality c-ercificatioo reviews. The llicrotox test is only req uil.'ed for Sectioo 
401 reviews. 

A. bioaccumu.la tion test, required unde r certain c:i;rcumstances, is intended co 
provide i nformation abou t cbe potential o.f cbemic,als to be of concern to h uman 
health. The test consis·ts of a 30-day sediment e:,cposure of bivalves with sub
sequent anaJ.ys:i,s of their tissues for chemicals- o:f human heal 1:·h concet:n. In 
addit i on to their use for bioaccu1114la t ion, b i valv•• mortaJ.ity "'ill be monitorecl 
during t he 30-tlay exposure period to provide dat a on potential ahronic 
exposures . 
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Biological Testing (con.) 

The proposed biological tests were chosen because they a r e considered avail.
able, proven, sensitive, generally accepted, and prov:lde i nterpretable end
points (e.g . , mortality, or quantitative ti-S"s ue concentrations that: can be 
i ncorporated into a health risk analysis) £or assessing a-edimcn t toxic.it:y 
and/or the effects of. dredged mat:erial disposal . Multiole tes t s have been 
recommended to provide animal diversity that mighl: addre,is the different sen
sitivities of various species to different c:hem.ic,itls . 

Dredger Option to Condllc:t: Biological Test1ng. Wbt~n dredged Olaterial chemicals 
ot co·ocern exceed the ML values, the dredger will have two options . F'i-cs t, he 
may elect to aceept the indica-tion of the ML that the m.aterial is unacceptable 
for unconfined, open-water disposal. ~iological 1:esting is no& required for 
this decision. Howeve.r, it is recognized that ch<,mic,al level,; in dredged 
material provide a relatively indirect measurement: of possible adverse bio
logical effects, as several factors can influence the bioavailabtlity of these 
cbelll.icals (e .g., sediment grain size, presence of organic carbon, etc. ) , 
Accordingly, the dredger wil.1 have a second optiorL co conduct biological test
ing rather than rely on the indications of the ML., .For th.is option, the 
dredger would conduct both the standard bioassays (five acute biqassays and 
bivalve bioaccumulation) and other addit:iooal, mot:e sens.I ti ve suble-ctial tests 
1n order to determine final biological. ac:ceptabilJ.ty of the material for 
unconfined, open-water disposal. Appropriate biol.ogical tests and tes·t inter
p t'et:ation would be determined by the PSDDA agenci,,s on a project-by- projecc 
basis. I f the project material meets the. test int:erpretation requirement,;, 
the d-cedged material will be considered ac,ceptablE, for unconfined, open-water 
disposal. 

For dredging projecrs involVing dredged material ;rich high concentrations of 
chemicals of concern, the dredger way opt to _proceed directly to biological 
testing rather than conduct chemical tests. If adlequate chemical test data 
were oat available for the projec,t, it would be ~;sumed that the material con
t ained che.ruical levels exceeding the ML values, a1'.ld that it warranted complete 
biological tescing { both standard a:n:d other, subli!thal biological. rests; i.e., 
the '"dredger option" in figure 1), analyzing- for .Lll human health, chemicals of 
Concern in the hioaccumu1ation test . 

For any dredged Ola teria1 exceeding t he HL values t;hat 1s found to be accept
a ble for unconfined, open-water di.sposal based on bioJ.ogical test ,es,uJ.t:s, the 
use of th.e PSDDA disposal sit.es may not: be appropz;iate or al l owable. Por 
these pro1ects, l ocating an appropriate site, and determining site use 
requirements, and disposal site moni t:Oring needs, will be addressed on a 
case- by-case basis . Any needed identification ancl designation 0£ spec:.ial 
unconfined, open-water disposal. sites would be the, responsibili.ty r;f the 
dredget'.. 

In summary, uncon.fined, open,...,.ater disposal of dr!!dged material with chemicals 
exceeding the ML values ls generally considered to be outside of the scope of 
the PSDOA study and sites, and will necessarily be, considered on a projed- by
project basis (as requi.red by the Clean Wate.r Act). Overall., uncon.fioed, 
open-water disposal of sediments containing hlgh !!Onc,entracions of ctJemicals 
of concern in to Puget Sound waters is not very .likely to occur. 
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Dredger Option to Conduct Biologica.L Testing {con. ) 

An additional benefit of the opt ional biological testing can occur when the 
test data a-i:c added to t he chemical/biological ef feet,; data base . The stan
dard biological t ests (five acute bioassays and bivalve bioaccumulation) may 
provide information which could result in changes co the ML g uidelines- ducing 
the annual reviews of the evaluation procedures. 'l'his information will be 
considered along with o·ther d.redged material 1:-es c results, field monitoring 
dat a and pertinent research results, during t h e ~nnual review of the PSDDA 
l!Jiinagement plan . These reviews will include an assessmen t of possible changes 
co the .ML guidelinet1 . 

ALn:RNA'rlVE BIOLOGI CAL EFFECTS GONDI.TIO~S FOR SIT:E M.ANACEMENT 

In determining apprQp~ia.:e test interpretation (~isposal guidelines) for 
dredged mat e:cial, E.P\\'C considere<i seven possible "site conditions, " represent
ing the relaUve severi·cy of potential on- si t e ef,fects at the disposal site . 
Four of these alternatives were e.'<treme opti.ons t hat wer e excluded from 
detailed analysis due to impracticabili ty and inc,,nsistency with the intent of 
environmental laws. The remaining chi;ee alternat.:lves were evaJ:uated in detail 
to detet1tline the preferred condition for site man,agement. I n field teems, 
Site Condici on I represents "no adverse effects d1)e to sediment chemicals of 
concern. " Site Condi t ion JI is defined as ' 'minor adverse effec ts;" Site Con
di ti on III as "moderat" adverse effects ." In lab.,ratory terms, Site Condition_ 
1 would all ow "no signifieant sublechal, chronic 1toxic.ity" of any ~d witni,n 
the site. Sic" Condition II would allow "no sign:lficant acute toxicity" 
onsice. Site Condi t ion_ ltI would all ow "no sever,, acute toxicity" onil"ice . 

Chemical and biological laboratory tests of dredg,3d matet'ial are used -co 
measure and predict these di.fferenc levels of pos:aible eff.,cts . In rel ating 
laboratocy tescs to fiel d cond.itions, EPWG fully ,recognized t hat la\> exposure 
conditi ons a1:e moue severe .:ban .:hose that would occur at the disposal site. 
However, l eb test-scan indicate a potential for f:leld consequences, especially 
-when the dis posal sites are nondisper sive <as tne:; are in centz:al. Puget 
Sound ) . Though pertinen t to 1:be Phas e I are.a, thl! alternative site conditi ons 
def i ned for the central Sound sites are not neces,;arily appropriate for t he 
dispersive sites b"ing considered for the Phase I.( PSDDA study area. 

In setting. biological disposal guidelines for the site conditions, EPHG 
developed specific in t erpretation for acu t e bioas,;ay responses, and for bio
actumulation studies as an indicat or of potent ial buman health effects ( tabl e 
l ) . Tl\e bi ological guideline,; take into considerHtion comparisons of c-est 
results wi t h appcoptiat e r efe,ence conditions. Al so, dif ferent possib le ~n.•s 
for chemicah of concern were established by EPWG to correspond t o the 
alterna t~ve sit" cond~tions. 
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TABLE l. lUOLOGICAL AND GBEHICAL DISPOSAL GlJillELINES !'OR 
ALTERNATIVE SITE NA!-,1\GEMElff CO!iDIIIONS 

Site Condition I -
"No adverse 
effects" 

In J.ab: 
"No sublethal or 
acuce toxicic.y" 

Site tonditon ll -
"Minor adverse 
eifecc.s" 

ln lab ; 
"No significant 
acute toxicity" 

Site Condition Ill -
"Moderate adverse 
effects" 

ln lab: 
"No severe. acute 
~oxicity" 

Biological Disposal Guiae,lines 

No one bioassay (a) exhi.biting 
a statistical ly significant 
(I' less cllan 0 .05) respons~ 
over reference conditions and 
exceeding_ 20 percent absolut e 
mortality over control; water 
colwnn larval response does 
not exceed u. 01 of the LC50 
a£cer 4-hour mixing; aud no 
bioaccumulation levels exceed
ing a hUJ:Jan health tissue gu i de
J.i ne value. 

No two bioassays exhibiting 
t he above conditi ons; or no 
one bioassay re~ponse greate·c 
than 30 percent (c) over ref
arence cnnrtitions and stacis 
tically signi£icant with 
respect co reference condi
tions; wat-er column lai:va l 
response does n(it ei.ceed O. Ul 
of t he LC50 after 4-hour mixing; 
and l10 bioaccumulat±on level s 
exceeding a homan heal t n cissue 
guideline VaJ.lJe . 

!-io cwo bioassay respOUSliS 
greater t han 30 percent over 
,eference and statistically 
significant with respect to 
reference condi;c-ions ; or no one 
bioassay response gTeater than 
70 percent over refe rence and 
statistically significant with 
respecc co reference Cbnditions; 
water column larval response 
does not exceed U.Ul of LL50 
after 4- hour mixing; and no 
bioaccmulation l evels exceed
ing human health tissue guide
lines va.lue . 
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CheQi c.al Disposal Guidel!ines 

HLl {b), defined a,; toe lowest 
AET (b) for a serles of bio
logi~al indicators tr.e . , 
higher concentr.ations are 
ei.pected t o result in effects 
measured by at l east one bio
logical indicator) . 

ML2 , defined as the highest 
AET for a series of biologi
cal indicators ( i.e., tLlghe r 
concentradons are e~pected tc 
result in effects n,easnred t)y 
all of the biological indl
cdtors). 

MI.3, defined as cw:lce HL2; 
although artitrary, chis 
nigher coatenrratiun nf c.oa
taminants is expecteQ to 
r e s ult in ~ore s~vere effects 
t-bao ML2 (ba.s ed on che obser
vation t-hat t.oxicity cutves 
continue to increase sharply 
above the leve.l tua l t oxid ty 
curves continue to increase 
sha=ply above cite level t hat 
toxicity is statistically 
signif i cant ), 



Site Condition IV 
"Major adverse 
e.ffecc:·s .. 

In lab: 
''No dangerous 
«aste" 

TABLE .l (con. ) 

Biological Disposal Guidelines 

No biological disposal guide-
1.ines (defined only by scate 
cheinical guidelines) 

Chemical Disposal Gu1del.iioes 

HL4, defined accord ing to 
Ecology Dangerous Waste 
regulations (book review 
procedures). 

(a) Biological tests used in the di sposal guidelines ar e discussed in section II-6. 
(b) ML - maximum chemical levels established for Site Condi t ions I, II , III , and 
IV are discussed in section II-8.2; numerical values for each maximum levels are 
given in cable li .8-3. AET = Apparent Ef±ec ts n,reshold; see section II.7-2 . 
( c) Gt'eacer than 30 perceni: over reference": e.g., if reference /mortality is 12 
percent, test mortality cannot exceed 42 percent, 

EFFECTS ANALYSIS OF ALTERN/1-'TIVE SITE CONDITIONS 

Final site condic.ions for unconfined, open-water disposal sites were estab
lished via a review of envi ronmental effects and cost factors. For this 
ana.lysi.s, it was assumed that all dredging would occur regardless of the 
alte.rnative site condition selected for management. However, E:P\/G recognized 
that in i,;ome instances the high cost of disposal may preclude some pt'ojeccs 
{ though project-specilic assessments, beyond the. scope of PSDDA, would be 
required t o i dentify these cases) . Therefore, given the assumption , the 
e.ovironmental,a:nalysis at the dredgi~g site i s not a major consideration, 
However, environmental a nalysi.s is important a t t-he (jj.spQS.U. sites. 

At open-water disposal sites, the chemical pathway of primary concern is the 
direct contact between organisms and t he biologically active surface layet' of 
tne_ bedded dredged material (material below this layer is l argel.y unavailable 
co organisms). Exposure of organisms to signific.anc or harmful conee.ntrations 
of ohemicals re.leased into the water column during dredging operstions ls 
unlikely to occur in most instanc.es, alcbo11g1L water column testing t'emains an 
option under PSDDA i f warranted by project evalua1:ion. The maj or laboratory 
1:ests recommended by EPWG as adequate models of potent:ial sediment or water 
column effects include bulk sediment chemistry, acute toxicity bioassays, and 
bioaccumulation, 
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EFFECTS ANALYSlS OF ALTERNATIVE SITE CONDITlONS (con.) 

Althoug.h Site Condition I provides the lowest lev,e.l of biological effects at 
the unconfined, open-water disposal site, the volume of material that might be 
accep table with 1:his cond i tion is small. In addi1tion, ti Site Condition 1 
were applied t:o uneconfined, open-wa t er disposal s ;Ltes, habitat losses and pos
sible adverse eff ects in con£i ne.d shore and land 1;ites would be high coopared 
to the deepwat:er impacts, due co the large Volume of dredged material that 
would be d i sposed of in these environments. 

Aquatic effects associated with the disposal of m,Herial under S-ite Condition 
I.I guidelines could include subl ethal effects at 1:he disposal site a1;1d -poten
tially -a small ( though not signif ican,:) increase :l n the ciorcality of the more 
sensitive, but less abundant, benthic infauna (e.g. , cn,staceans). Mater ial 
accep,:abl e UJ;1der Site Condition LU would likely 1result in acute toxicity to 
marine organisms st the disposal site. Under Sit,~ Conditions II and III, 
effects associated with disposal on land a nd near,;hore would be less than wit h 
Site Condition I because of the incr eased uncon.fi11ed, open-water sites . 

The !'SODA draft EnVironmencal Impact Statement ( DIUS) provides a detailed 
.analysis of the environmental consequences of the alt:ernati ve site management 
condition.,,. 

COST Af/ALYSIS 

J!lPWG performed a analysis of t:he cost impaci:s that the evaluation pr ocedures 
may have on dredging and dredged material disposal . The analysis focuses pri
marily on comparing t he total coses of unconfined,, open-wate, disposal and 
confined disposal op tio1;1s for each of the alterna1:ive site management condi
tions. Though many combina tions of disposal technology and types of disposal 
sites are possible, only t he following disposal options and technology assump
tio[IS were inciuded in the cost analysis: 

o Unconfined, open-water disposal 

o Con£ined aquatic disposal (capped t:o restJ:icc contact with, or i oss 
of., chemicals of concern) 

o Confined nearshore disposal (inter tidal dj:king, wicb some restriccions 
fot chemicals of concern ) 

o Upland, intermediat:e secure disposal (using some special technology to 
rest:rict chemical losses) 

o Opland, secure disposal ( using advanced and extensive chemical 
contaminant). 
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COST ANALYSIS ( cun. J 

II-sin;; besc:-available inforraa tlon, drei.lgo=d material volum"s we re allocated as 
acceptable or unaccept:able for uncon£iaed, open- w•a cer disposai based on ave'.r
l3jle nherakal concentrauous and corap,.rison co chemical bL ' s fo, each alterna
t:ive site condition. Ttlis a llocation enabled analysis of the coat of ~elecr
lng each aiten1ative site cond:it::ion. Testing costs included field sampli ng 
cos es and laboratory a na l ysis costs. Disposal cost estimates i ncluded costs 
of dtcedgi:ng, cranspott, and cli.sposal (for ~ach site conditton) . The costs of 
monitoring and coGTpliance were also i ncluded in t he analysi.s . 

The total estimaced <;Qst of accepting existing Puget Sound I nterim Criteria 
for sediment from t he Pbase I area is app r oximately $331 million ( most of the 
material is u nacceptable under t he clleJJical guideli nes) over t:he l5- year 
peri od of analysis (1985 through 2000). The total estimated cost of accepting 
Condition I is a p protimat e l y $268 million . Dsin£ the disposal guidelines 
cepresented by Condi t ion I I, t.he tot al estima t ed co6t is approximately 120& 
million. The co ta1 estimated cost repr esented by Condi t ion III is appraxj 
mately Sl50 mi.llion , The e-stimated cost of disposing of all material at 
unconfined, op.,n- w~cer u isposal site.s i s approximately $65 million. 

SELECTED BIOLOGICAL £:FFECTS CONDI IION FOR SITE MANAGEMENT 

Condition II ls the selected mnnageme nt condition £oi.: unconfined, open-watec 
disposal at t he cent ral Puget Sound s i t.es, This site condit:ioo was s elected 
based primarily on die follo"ling factors : 

o £nvironmeatal Pr otection and Accountabili ty - Ma terial that is accept
able ac: Loodition II is Jlt!t eO<pecced cu p .r oduce a<lvecse effect:s ouc
side of the disposal site due to relative.l y low coocencrations of 
cllemica.l.s of concern and clle use oi rela1:ively no ndisperslve sites. 
lly definition, "ao significant a cut:e toxi,tity"' woul d be allowed at the 
disposal sice, and a ny Long-term, subleth,31 adver se el.feces <-rould ba 
con.fined to the di sposal site whence they can be monitored and managerl 
as needed, Also, site Condit.ion II is consistent with Stat e water 
quality standards . 

o Costs - The total estimated dredged material disposal coses associated 
wi t:h Condi tion 11 are signifi.can·tly luwe.r than t hose estimated using 
Copdition_ l; a.nd are comparnble co the co.sts associaced <lit!! Condici on 
III. 

o Precedents - Cond icion 11 reflect s the way t ha t the S~cr.ion 404 ( b)( l) 
Guideli.nes ba.ve been histotcically applied , avoiding "sigoificant acute 
cuxicity" f rom: material tha·t was ap_provt!d .t:or unc.onfinec!, open-wacer 
disposal . 

Several procedural and manarette.n t requirements are huc~ested lo ens ure 
periodical revi ew of the eva.lua1:ion procedures. Aiso, resea"Cch needs t o 
resolv.c ou-csc:andl!lf;; isHues c-onc.e,;ning unconfined, a-pen-water di sposal have 
been outlined. 

ES-17 



EXHIBITS 

The technical appendix includes the following exhibits. 

A. EPWG Plan of Study - presen t s a s ynopsis of t asks under t aken by EPIIG. 

B. Regional Administrative Decisions ( RAD' s) - presents an outl ine of 
RAD• s that formed the basis for developl!le11t of t he evaluation 
procedures. 

C. Corps of Engineers Section 404 Disposal Guidelines - contains addi
tional background in.formation, consisting of the current Corps 
national guidelines f or dredged material 1,valuation pursuant to 40 CPR 
Part 230. 

D. Cost Analysis Case St udies - presents a comparison of actual sampling 
and testing costs for evaluating a dredging pro ject to the costs of 
d o1ng the same project under proposed PSODA evaluation procedures. 

E. Abst: racts of Reports Prepared for or Related to EPWG . 

F. Engler, R. 1980. Prediction of pollution potential, through geochemi
cal and biological proc.edures: Development of r eguJ.a tion guidelines 
and criteria for the discharge of dredged and fill material . In: 
R.A. Baker, Ed . Contaminants a-nd secU:ment:s . Volume 1 : Face, trans 
port, case studies, modeling , t axi.city . /lnn Arbor Science. Ann 
Arbor, Michigan. 



TABLE OP CONTENTS 

Parai.raph Page 

l. 
1.1 
1.2 
l.'.l 
1.4 
1.5 
1 .5. 1 
1.5.2 

2. 
2. 1 
2. 2 
2. 3 
2. 4 
2 • .5 

J. 
3.1 
J.2 
3. 3 
3.4 
3. 5 

4. 
4 . 1 
4.2 
,,. 3 

5 • 
.5. l 
5.2 
5 • .3 
5.4 
5.5 
5.6 

ORGANIZATIONAL PREFACE i 
ACI<NOWLEDGFl-lENTS ii 
EXECUTIVE SUMMARY ES-1 
TABLE OF CONTENTS lfC-1 

PART I. INIRODUCTION 

STUDY GOALS, DESC!Ul?'l'IO N, AND ORGANIZATION 
Puget Sound Dredged Disposal Analysis 
EvaJ.uatioo l'rocedures Work Group ( EPWG) 
Concepts 
Implellleotation of the PSllDA Evaluation Procedures 
~lanagemenc of the Evaluation Procedures \fork Group 
Participants and Coordination of Work 
Puhlic Involvement 

BACKGROUND A.ND OVERVI);J.,; 
Iotroduction 
Definition of Dredged Ma t edal 
New Sediment Surface Ex-posed by .Dredging 
The Need for Conaisten<.y in Dredged 11aterial Evaluation 
The Need for l'lexibility in Application of Evaluation 

Pr ocedures 
Critical Cnaracteristics of Evaluation Pr ocedures 

S 'IRAIEG-'l 
Overview of Evaluation Procedures Workgroup Strategy 
Chem:l<m.l Char-accerization of Dredged ~la ceri:al 
Biological Characte.riz.ation oi Dredged Ha terial 
Development of .i Test Sequence and Disposal Guidelines 
Regional ~~ministrative Deci$ions 

DREDGING IN Tl.IE Pl:!ASE I AREA 
l1ajor Dred~ing Areas 
His 1:oric Pt-edging 
Dredging For ecasts 

A:LT.ERNATI VF. AP!'ROACH.E.5 l'.0 DREDGEll MATERIAL NliNAGEHENT 
Tech,10logy-Based .Approach 
~~te.rial Release Approach 
Human Health Effects Approach 
Refetence Site Approac::h 
.Biological Effects- Based Approach 
Selected Approach 

TC-1 

r-1 
1 - 2 
I -3-
1-6 
I-8 
I - 9 
I - 9 
1- '3 

I - 1 2 
1~12 
I-12 
I - 12 
I-15 

1-15 
1 - 16 

1- 18 
I -18 
I - 18 
I -19 
.I:-19 
I - 21 

I - 24 
I - 24 
T- 24 
I - 24 

I - 2!:t 
I - 29 
J - 29 
I - .ll 
L-31 
I - .32 
I -32 



Paragrapl1 

6 . 

~-
1.J 
1.2 

1. 2. 1 
1.2. 2 
1. 2.3 
1.2,1, 
1. 2. 3 
1.2.6 

1.3 
1. 3. l 
1.3. 2 
1. 3 . 3 
1.3.4 

2. 
2. l 
2.2 
2.3 
2.J • .l 
2.3. 2 
2.3.3 
2. 3 . 4 
2. ,f 
2.5 

3. 
3. 1 
3.1. l 
3.1. 2 
3.1 .3 
3.1.4 
3.l . 5 
3 .1.6 
3. 2 

TABLE OF CDNTl:NTS (con, ) 

.ASSL~·!PTIONS 

:PART IL UNCONFINED, OPEN-WATER DIS!'OSAL 

EXISTING DISPOSAL GUIDELINES 
llackgr-oLmd 
Federal Guidelines Governing Dredgftd Material Disposal 

in Water 
Subpart A, General Information 
Subpart B, Criteria for Complumce wt.th Guidelines 
Strb-parts C rn P 
Subpart G, Evaluation and Testing 
Subpart fl, Actions to Minimize Adverse Effects 
Federal Guidel.ines fo r :Permitt.ing Discharses of Dredged 

Ma t e.rial 
Decision .llasfs in Puget SotttLcl 
l~storical Disposal Gl!ideljnes for Puget So\lfld 
Fourmile rock Interim Criteria 
Puget Sound I nrerim Criteria 
Relationshi p Betweet\ the 1980 Proposed Sect.ion 404 

Testing Guidelines and PSDDA Dr.edged Material 
Evaluation Procedures 

DECISIONMAKING FOR UNCONFINED, OP.Eli-WAT.ER DISPOSAL 
Or edging and ll-cedged Material Disposal Processes 
Key Chelllicsl Pathways 
Adcli t ional !ssues 
Paralytic Shellfish Poisioning (PSP) Cysts 
St ate Cange,::ous Wasce Testing 
Ses-Surfaoe Mi.ct:olayer 
Ma·teria:l Release 
Test Sequence and Disposal Guidelines 
Dredger Option co Condll,:t Biological Testing Rather 

Than A(;cept Chelllical Test Indications 

PREL1J,JIJ-lil.RY RA'fKING- AND REVIEW OF Trill DR.EDGING SITE 
1.oca tion of Dredging and Area Ranking 
Ia t,;oduction 
Description of Ran.~s 
Rel ation to Disposal Guideline 
Reranking of Areas/Projects 
General Rankings 
Specific Rankings 
Project Size 

TC- 2 

1-33 

I I-1 
11- 1 

Il-4 
11- l, 
Il-4 
II-5 
ll- 6 
lI-7 

LI-7 
n -a 
II-8 

U - 12 
Il-17 

11- J 9 

H-21 
II- 21 
II-24 
Il-26 
II-26 
II-26 
II- 26 
II-27 
Il- 28 

II- 33 

II-35 
II- 35 
II- 35 
II-36 
11-.38 
II- 38 
Il- 39 
II-39 
ll-39 



Paragrapn 

3.3 
J . 3.1 
J.-3.2 
3.3. J 

4. 
4. 1 
4-. 2 
4. 3 
4. 3.1 
4. 3.2 
4.4. 3 
4.4. 4 

4. 5 
4.5.1 
4.5 . 2 
4.6 

5. 
5 .1 
5.2 
5 . 2.l 
5 .2. 2 
5 . 2. 3 
5 .2. 4 
5.2.5 

6. 
6 .1 
6.2 
6.3 
6.4 
6.4.l 
6.4. 2 
6 . 5 
6 .5.1 
6.5. Z 
6.5. 3 
6.6 
6. 7 
6. 7..1 
6 -7 . 2 

7-
7. 1 
7.1.l 

TABL.E OF OJNTENTS ( con. ) 

/1.ssessment of £.ti.s ting .Informatiou 
''Safety Net" Concept: 
Recency and Frequency Cu.idclines 
Qualit:y Asi,urari.ce of Bilis ting Data 

SAMPLING lSoUES NW CONCERNS 
Dredged }!ateria.1 Management Units 
Patchiness of Sediment Chemi cal Distributions 
Sampling Method and D,;pths 
Overview 
N'umber of Samples and Analyses for Full Ch·aracterizatioo 
Positioning Methods for Station I.ocatioo 
Full Chai,-act erization Sampling and Analys is Guidelines 

Case Study 
Sample Storage, Archiving, and llanaiemenc 
Storage and Archiving of Sediment for Chemical Tests 
Si:orage and Archiving of Sediment J;or Biological Tes ~s 
Other Issues 

Si\MPL1NG AND TES TING SEQUENCE 
Srunpl ing Sequence 
Testing Sequence 
Chemical. and Biological Testing of Marine Sediments 
Protocols 
Data Verification 
Partial 'Characcedza tion 
Partial Characterization Guidelines 

BiOLOGICAL TESTING 
Biological Testing I ssues 
Biol ogical Tes ting Referenc·e Areas 
Acute Tes ting Erotocols 
Chronic Tes t i ng Protocols 
l(ecollllllended Tes ts 
Other Chronic/Subletltal Tes·ts 
Alternative Tes~s C'onsidered 
Geoduck Acute Bioassay 
Geoduch Growth Test 
Intrinsic Rate of PopuJ.ation Growth 
Biological Testing of Freshwater Sediments and Soils 
Additional Issues 
Reduced Testing Requirements for Small Projects 
8iologica.l. Tes ting of "Anomalous " Samples 

CHOOCAL T.EST!NG 
Chemicals of Concern 
Chemicals of Concern in Limited Areas 

TC- 3 

11- 42 
II- 42 
11- 44 
II-45 

u~46 
11-46 
l.I-67 
J,I- 48 
11-48 
Il- 48 
1.1-50 

II- 50 
II- 58 
II- .58 
I.I- 58 
lI- 59 

U - 60 
1.I- 6O 
II- 61 
il- 61 
JI-61 
il- 62 
Il-63 
ll-63 

II- f>5 
II- 65 
lI-66 
il- 67 
II- 72 
ll-72 
n - 74 
11-75 
Il- 75 
II-75 
.{I- 75 
II-77 
II-78 
Il-78 
11- 80 

Il-80 
11-80 
ll- 83 



Paragraph 

7 . 1. 2 
7 . 1.3 
7.2 
7. 2.l 
7.2. 2 
7. 2. 3 
7. 2. 3 .1 
7.2.3.2 
7. 2.3.3 
7 .3 
7.3. 1 
7.3 , 2 
7.4 
7,4.l 
7.4.2 
7.5 
7 .5 ,l 
1 .5 . 2 
7 .5.3 
7.6 
7 . 6.1 
7.6.2 
7.7 

8. 

8. 1 
8 . 2 

8.3 

8. 3.1 
8 . 3. 2 
8.3. 3 
8.4 

8. 4.l 

8. 4.2 
8.1, . 3 
8 .4.4 

9 . 
9 . 1 
9 .2 

TAJlLE OF CONTEN'rtl ( con. 1 

Comparison with Alternative Lists oE Che01icals o f Concern 
Other Chemic<1ls to be Measured 
Development of Sedimenc Quality Va].ues 
Use of the Puget Sound Sediment Qual tty Ila ta Base. 
Use of the Apparent Effeets Threshold 
Key Issues in Development 0£ Che.mica l Disposal Gu.idelines 
Reliability of Chemical Disposal Guidelines 
Scientifi.c Peer Review of Chemical Di~posal Guidelines 
Possible Consequences of Sediment Chemicals Not: Measured 
Screening Levels 
Procedure for Setting Screening Leve.ls 
Proeedure for Setting Screening Leve.ls for Special. Cases 
Maximum Levels 
Rationale for Naximum Level Concept 
Singl e Chemical vs . Chemical Croups Maximam Levels 
To,dc Chemical Testing Protocols 
Metals and Metalloid& 
Organics 
Conventional. Parameter TestJ,ng PrQtocols 
Detection Limits 
Metals and Me talloids 
Organics 
Gonventional Chemical Tests 

'l:EST INTERPREIATlON': ALTERNATIVE BlOLOGICI\L EFFECTS 
CONDITIONS FOR S CTE 11ANAGfa,IDIT 

Overview 
Op t ions £or Biological Effects Condi t ion for Si te 

~tanagemen t 
Options for Set:ting Maximum Chemical Concentrations 

for Site Management Condi t:ions 
~~x.imum Chemical 1.evel for Site Condition I 
Maximum Chemical level for Site Condition II 
Maximum Chemical Level for Site ConclicJ:on Ill 
Procedure £or: Defining Human Health Biosccumulation 

LeveJ.s 
Assumpti ons Mad!!_ 1n Calculating Mjusted Health 

Ind.lcator s 
Target Tissue Concentration Ca.lculation Models 
Seafood Ingest.ion Rate Estimate 
Analysis of ftn j usted ~'"""n Health Indicator Values 

EFFECTS ANALYSIS Of ALTERNATIVES 
Int:roduction 
Dredging Site £nv:Lroruneotal. Analyses 

'l'C-4 

u -ar, 
II-87 
ll- 87 
IT-88 
I I-9 1 
II-9:, 
11-95 
JI- 97 
II- 97 
11- 98 
II- 98 

II- 100 
II-100 
JJ-101 
11-102 
II-10 3 
11- 103 
!I-104 
II- J0.5 
Il- 10.5 
ll- 105 
II-106 
Il-106 

Il-109 
II- 109 
II- 109 

II-112 

II-117 
ll-117 
II-118 
11-118 

II-123 

li- 123 
lI-124 
II- 125 
11-1.27 

11- 1:?.9 
II-129 
11-130 



Pa.:agraph 

9 . 3 
9 . 3.1 

9. 3.2 
9. 3. 3 
9.3. 4 
9 . 3 . 5 
9.3.6 
9 . 4 
9.5 
9 . 6 

9.6 .1 

9 • (;, 2 

9.6 . 3 

9 .6.3.1 
9.6.3.2 
9.6 . 3 . 3 

10. 
10 .1 
10 .1 .1 
10 .1, 2 
10 ,1.3 
10.2 
10 . 2. 1 
10 . 2. 2 
H) . 3 
10.3.J. 
10 . 3. 2 
10. 3.3 

10 .3. 4 
10 . 3. 4 . l 
10 .3. 4 . l 
10.3.5 
1.0 . 4 
10 .4.1 
10. 4 . 2 
10 .s 
10 . s.1. 
10 .5. 2 

TAllL£ OF OONTENTS (con. ) 

Disposal Site Envir:-orunental Analysis 
Factor:s Affecting the Fate of Oredge.d Naterial 

Contaminants 
Review of Available Iniormatioa on llisposa.1 Impacts 
Unconfined, Open-Water Oisposal 
Confined Aquatic Disposal 
Upland Disposal (Conventional and/or Confined ) 
Nearshore Disposal (Conventional and/or Confined ) 
Availabili t y of Alternative Disposal Op tions 
Comparison of the Preferred Phase l Disposal Sj,t:es 
Adverse Effects of Alternative Site Management 

Conditions 
il~sumptions Used in Alternative Site Candi tion 

Analysis 
'fratleaffs Between Alternaci ve Site Hanagemenl 

Conditions 
Adverse Erfec:ts a£ Alternative Site .Management 

Co11ditions 
Stte Condition 1 Effects 
Site Condition J.I Effects 
Site Candi tion m E.Efetts 

COST Af'ftlYSIS 
Overview and Calc:ula ciao of Dredged Ma ter i a 1 Volumes 
Sa urces <Yf Ila ta 
Cost Assumption$ 
Dredged Material Volume fi.s timates 
Cos t a f Tes t:J,ng 
Testing Requirements 
Costs 
Cast of Disposal 
Assumptions 
Dredging Cos ts 
Transpor t Costs 
a . ~larine Transport 
b. Overl and Transport 
Disposal Costs 
llnconfined Disposal 
Confined Disposal 
Costs of Alternative Disposal Management Options 
Cos t of Ocean Disposal 
Hauling- Costs 
Comparison to Coses for Confined Disposal 
Conclusions 
Costs of- Tes ting 
Sediment Management Cas~s 

TC-5 

H - Lll 

U-131 
Il-132 
ll- 134 
lJ.-135 
11- 136 
Il-136 
II- 137 
I l.-138 

11- 139 

U-139 

ll-140 

U-141 
II- 141 
ll-143 
II-144 

II-146 
u ;-146 
II-148 
II-148 
lI- 1.50 
II-160 
11-164 
II- J.67 
II-168 
II-168 
Il-176 
II-178 
ll- 178 
II-178 
II- 182 
II- 182 
II-182 
II-189 
II-189 
II-189 
ll-197 
II-197 
Il-197 
II-201 



Paragr,i ph 

u . 
11 . t 
ll . 2 
11-.3 

12. 
12. 1 
12. 2 

lJ. 
13.1 
13. 2 
lJ . 3 

l. 

2. 
2.1 

2. 2 

3. 
3.1 
3 . 2 
3 . 3 
3.4 
3. ,,.1 
3 . 4. 2 
3. 4 . .3 
3. 4. 4 
3 . 4.5 
3.4. 6 

TABLE OF CONTENTS ( con , ) 

PROPOSED DISPOSAL GU IDELDIP.S rOR SITE MANAGEMENT 
llasis for Selection 
Selected Disposal Guidelines 
Dredgcr Op t ion i:o Conduct Biological Tes ting 

REVI SIONS TO THE EVALUATION PROCEDuRES 
Annual Review 0£ the Evaluation Procedures 
General Considerations for Revising the P.valU<1tion 

Procedures 

WOR.K GROUP CONCLUSIONS 
Proposed, Allowable Sl ce Coqdj tiQn 
Addit ional Effort 
Policy on Re s earch and Developmeo i; 

PAR'!: II I. OTHER DISPOSAL 01".rID,liS 

INlB.ODUCTION 

CONVENTIONAL IJPLANO AND JtEARS HORE DISPOSAL 
Existing Guidelines £or ConventiQnal Upland and 

Near shore Dispos al 
Upland and Nearshone Disposal Cheniical Pathways 

CONF WEil O IS POSAL 
Confi ned Dlsposal Assessment Issues 
Coa£ined Disposal Tesc.ing Req•oirements 
Comparison of Disposal Options 
Alce:i;na cives co Confined Disp.osal 
C-0ntaminant Separation 
P\lysi ca1 Se.parntion 
Contaminant .Eitcraction 
Chemical Immobiliza !:ion 
Con ta min ant Des truction 
SullUlla-ry 

PART IV, REFERENCES 

PART V. GLOSSARY OF TERNS AND Al\BREVIAT10NS 

TO-& 

Page 

II-202 
TI-202 
Il- 202 
Il- 21).3 

II- 21{> 
ll-2Hi 

II-217 

II- 218 
11- 2.18 
11- 218 
U - 219 

!II- 1 

111- j 

l.I!- 3 
IU-4 

III- 7 
III- 8 
Ill-8 

Iil- 10 
III- U 
III- 12 
U1- l2 
I IJ- 13 
Ill-13 
III- 14 
III-14 

IV- 1 

V-J 



A, 
B. 
C. 
D. 
E. 

E. l 
E.2 

E.3 
E.4 
E.5 
£.6 

E. 7 
E.8 
E. 9 
E.10 
E.11 
E. 12 
E. 13 
E.14 
E.15 
E.16 
E.17 
E.18 
E,19 

ll. 20 
t.21 

t.22 
F. 

Number 

l 
I.1-1 
I. 1- 2 

TABLE OF CON'.l'.ENTS (con,) 

EXHIBITS 

EPWG Plan of Scudy 
Regipnal Administrative Decisic;ms 
Section 404 Test.iag Guidelines 
Cos t /lnalysis Case St udies 
Sullllllary 0£ Reports Prepared foe or Relevant co the 

eva.J.ua tio11- Procedures Work Group 
Puget Sound Dredged Disposal ;\nalysis Plan of Study 
Description of Evaluation Procedures \fork Gr oup Tasks 

Conducted in Phase I 
Re~ional Administrative Dedsion Paper 
Preliminary Findlngs Report 
Dredged Nliterial l.avencory· System 
Decisi.onmaking e'rameworl'c lleve.loped Wi ch Commencement 

llay 0a ra 
lllusttaced Guide to Dredged Naterial Disposal 
Pattern Recognition Report 
Sediment Quality Values Reµort 
'Microlayer Reports 
Protocols £or Bioassays 
Pro tocols for Naviga t ion and Siting 
Protocols for Aoalysl,s of Net;als 
Protocols for Analysts of Organic Compo=ds 
Report on Guidelin-es for Confined Disposal 
Comp,irative Risk Analysis and Report on ilorkshop 
CJ:temical and Biological Monitoring of Disposal Si ti,s 
Cost Analysis for Testing and Dredged MaterJ.'11 Management 
Review of Canadian Regulations £or Disposal of ~redged 

Material in Open Water 
'Wa terways Ex-periment Station Draft Pretreatment Re poi-t 
Dredged t-lacerial Alternative Selection Strategy 

( DMASS) Report 
NOAA Sub1ethal Bioassay Repor t 
Fngl!!r, R.. 1980. Prediction of PolluUon ?oceotial 

Through Geochemical and niological Procedures : 
Development of Regulac.ion Guidelines and Criteria 
for the Discharge q.f Dredged and HU Material 

PSOOA Testing Sequefice 
~S DOA S,udy Arr.as 

FIGURES. 

PSDDA Phase I S t..Udy Area 

TC-7 

A-l 
11-1 
C- 1 
D-1 

E- 1 
E:- J 

E- 6 
E- 9 

E-11 
J:;-13 

E-15 
F.-17 
E- 18 
F.-2.1 
J::-26 
8-28 
E.- 3(.) 
E-33 
E-37 
E- 39 
E-41 
E- 44 
E-46 

E-48 
£ - 50 

E- 51 
E-53 

P-1 

£.5-7 
I -4 
1-5 



Numbei: 

I.1-3 

I. 2-1 
I . 3-1 

l , 3- 2 
II. 1-1 

II.2-1 
JI.2-2 
II . 2- 3 
11. 2- 4 
TI . 2- 5 
lI. 3- 1 
U . 4-1 
lI. 4- 2 

U . 4-3 

II.4-ll 
ll.7-1 

II .7- 2 

l .I.7- 3 

ll.8- 1 

11.9- l 
ll. 10- 1 

lI.10- 2 

ll. 10- 3 

JI . 10-4 
11. 10-5 

II.10-6 

II . 10- 7 
II . 10- ti 

1'A8L£ OF CONTENTS (con. J 

Bas.le Deci sion Pr ocess and Organi~ation of Tec.huical 
Appendix 

Cross Se_c tion of a Dtedging Pi;ism 
Disposal Testing St ra tegy for Gn·con fined, Open- Water 

Disposal 
Factors in Regional Adminis trati ve OecLsioos 
Decision Flow Chart for Fourmile Rock Intel:itt Uredgecl 

~ate r ial Disposal Cr iteria 
Dcedgi ng and Disposal Processes 
Envi r onmen t al Pathways for Uneonf.inerl Open-Water Disposal 
PSDDA Testing Se_quence 
PSDDA Disposal Gu i del ines 
Sec tion 404 ,:md Section 401 Disposal Guide.lines 
Sources of Existing Information 
Plan View and Cross Sec t ion of Example Dredging Project 
Di mensions 0£ Example Dre.dging Pr ism Used co Estimate 

Dt,edging Volumes 
Exaru pl e_s of (Al Vertica.l Lifts in Dr edging Et:ism, and 

(B) Allocatlons of Samples &long Lifts 
Plan View of Sampling Stations in llredg"lng Prism 
I.oca t.ion of Che mi cal and Bi ological Samples Included i,n 

Puget. Sound Cla ta Base 
The Apparent Effec t s Threshold (AET) Approach Applied 

for a Single Chemical (lead) 
The Apparent Effects Thres hold (AET) Approach Applied 

f o t:' a Single Chemical (4--methyl phenol) 
Relat:ions hip of Control, Reference, ;,nd Test Treatmen f 

Jlioassay Resul t s ia 1leterminiag Si gnificant Toxicity 
Alternative Biological Effects- Conditions 
Relationship of Tes ting an_d Dredged Ma-t erial Ma.nage_ment 

Analyses tot.he Overall Cost Analysis for Dredgi ng 
Areas 

Me t hods fo,: Quantifying Dr edged Mate_ria l Volumes 
According to Each E.PWG Level 

locations of the Three Phase 1 Dredging Areas in 
Central Puge t Sound 

Toca.I Sediment ~ilocation for Each Site_ Condi t ion 
Comparison of Sampling aad Testing Coses for Each 

flt-edging Area 
Scructure of the Cost Node_! £o·r Dredged Ma t e.ria l 

~~ nagemen t, Including Cos~s of Dr.e.dgiag , Transport, 
and Dispo&al 

Dredging, Hauling, and Dis posal Costs for Each Area 
Gene.al Loca t ion of Puget Sound Area Dredged Material 

Sources and t he Mat erial Transport Routes and Discan~es 
to tbe Str.ait of Juan d!! Fuca and the Pacific Ocean 

TC- 8 

I - 7 
L-13 

I - 20 
! -22 

Il- 16 
Il- 23 
II- 25 
II- 29 
11- 30 
U-31 
l J-43 
II- .52 

n - 54 

IJ- 55 
Il- .57 

H - 'JO 

I I - 92 

11- 93 

II-113 
11- l,22 

11- 149 

II- 151 

II- 1 52 
Il-162 

II- 174 

I I - 175 
11-1n 

n-193 



Number 

I I. .LO-\l 

II.ll- 1 
II.11-2 
II.11-3 
Il, 11-4 

lI.11- 5 

U.ll-6 

II.ll.- 7 

III. 1- .l 
III.l- 2 

!1!.3-1 

1 

.1.1- 1 
I.4- 1 

I. 4-2 

l. 4- 3 

I.5- 1 
II.1-J. 
u .1 -2 
II.l-3 

II.3- 1 
II.3-2 

II.3- 3 
II. 4- 1 
II. ·"-- 2 

TAB LE OF CONTENTS (con. ) 

Comparison 0£ Total Costs ·for PSllI>A and PSIC Program 
Al te rna ti ves 

PSDDA Testing Sequence 
Section 404 arid Section 401 Disposal. Guidel ines 
PSDDA Disposal Guidelines 
Relat iousoip of Control , l;le£erence, and Test Treatmenc 

Bioassay Results in .Decermining Significant Acute 
Toxici cy J:.n Sediment Toxicity Tests for Dredged 
MateriaJ. 

I l lu.sttated El-:ample of the Differences Between Interim 
Criteria and ch.e Proposed l'SDDA Sediment Quality 
Values 

Illustr-a t ed Example of the Differences Between lnterim 
Cr iteria and Proposed PSDDA Sediment Quality Values 

illustrated E.xam-ple of the Differences Between lnte-rlm 
Criteria and Proposed PSDDA Sediment Q□ality Values 

Env1.ro,imen tal Pa th.ways for Conventional Upland Disposal 
Env:Lronmental Pa t hways £or Conventionai Nearshore 

Disposal 
Environmental Pa tl1w;,ys 'for Confined Aquatic Oisposal 

L"JILES 

Biol ogical and Chemical Ilisposal Guidelines £or 
Alternative Allowable Site Conditi-ons 

List of ·EP\,/G Participants 
}lajo, Dr edging Areas in the Phase I Area, Central 

I\lget Sound 
Puget Sound Dredged t.Jacer i al I nventory for the Phase I 

Ares (Seattle, Tacoma, Everett ) 1§70-1985 
15-Year Projec t ions ( 1985-199.9) of Total Dred-gi.ng Volumes 

(c .y . ) .By Specific Dredging Areas Within Phase I 
Al tern,'tt.ive Approaches for Managing Dredged M,;te r ia1 
Fouz:mile Rock Chemical Sediment Criteria 
PSIC ( Pore Gardner) Cnemical S~diment Crlte".w 
Clu;onology of Interlm Sediment Criteria Deve.lope_d 

Prior To t he PSDDA Program 
Definition 0£ Area R.i.nks fot; Dredging Projects 
1nitlal Area Rankings ln the Phase I Study Area (Relative 

to Potential for Containlng Chemicals of Concern) 
"No Test" Volumes £oz: -Small Projects 
Dredged Mater ial Management Uni ts 
Sampllng and Anal ysis Guidelines for E'uil 

Characterization 

TC- 9 

II-200 
Il-204 
.II-210 
JI- 2]1 

II-212. 

II- 213 

II-214 

II-215 
Ill-5 

IIl-G 
III- 9 

C:S- 14 
1-10 

1-25 

r- u, 

1- 28 
I-JO 

I.I- 15 
11-17 

Il- 18 
II- 37 

U - 40 
I!-41 
11-4'1 

lI- 49 



IL. 4-3 

II.6-1 

II.6- 2 

ll .6-3 

II. 7- 1 
II . 7- 2 

II .7-3 

11.8- l 

II .8-2 

II . 8- 3 

II . 8-4 
ll.8-5 

II. 9-1 

II.9-2 

u .10-1 

11.10- 2 

II.10- 3 
11.10-4 
Il.10-5 

11.10- b 

II. 10- 7 

II.10-8 
ll.10- 9 

11.10- 10 

TABLE OF CONTENTS (con, ) 

Summary of Steps Used {a Applying Sampling and 
Analysis Gu:!del ~r;eG 

Suggested Reference Sites for Collection of Reference 
Sed!lmencs for 81ological Testing 

Sediment Bulk Chemistry Trigger Values for 
Bioaccumulation 

Reduced Biological Testing Requirements for Small 
Projects Above "No Test" Volume 

Chemicals of Concern 
Re<!ommended Metals LiC!i ts of De tee r.loo Iot: Water, 

Sediment:, and tissue Ma tri oes 
Recommended O,ganics I.imits of Detection for Sediment 

and Tissue Matrices 
Alternative Oerinitions of Alternative Biological 

1'.ffects Conditions for Management of t he Unconfined, 
Open-Water Disposal Sites i n the Phase I Area 

Biological Dispos~l Guidelines for alternative Site 
~ranagemen t Conditions 

Chemical Disposal Gu i delines for AlterM tive Site 
Managemenc Conditions 

Screening and Maximum level Chemistry Val1Jes 
Resulting target Tissue Concentration Values ,,rr) £or 

Oiemicals of Concern t'o Human Health 
Alternative Allowable Site Condit.ions tor 1Jnconfi11ed, 

Open-Water Disposal Si res 
Comparison of Physicel and Biological Parameters 0£ 

the Preferr ed Open-Water Disposal Sic~s in the 
Phase 1 Study Area 

Forecast Dredging VolumP,s (C. Y. x 1000) for Phase I 
Ai::!;!a , 1985~ 2000 

~lfteen- Year Projections (1985-1999) o! Tocal 
Dredging Volumes (C. Y. x 1000) by Specific 
Dredging Subareas Within -faGh Dredging Area 

Sediment Chemistry Guidelines 
Disposal Volume Allocations (1985-2000) (C.Y. x 1,000) 
Mean Dredged Ma terial Volumes (C.Y. x 1,000) Expected 

to Be Allowed at Multiuser Puhl.le Unconfined , 
Open- Water Dis pos;il Sites 

Area Rankings, ~~mber of Cores, and Numbe.r a£ Analyses 
Estimated £or Each Subarea 

Cones for Present C1nterim ) ·Sediment Testing 
Requirements 

Casts fo.- Pirojected Sedimen t Testing Requiremenc.s 
Projected Coats of Sediment Sampling and Te,sting Over 

The Next 15 '('.ears {1985- 2000) 
Descriptions- of Sediment Disposal Technology Assumptions 

TC- 10 

JJ-51 

Il:- 68 

11- 73 

II-79 
II-BJ 

II- 107 

TT- }08 

Il- lll 

II- 119 
Il- 120 

U -126 

H-139 

11-142 

11-154 

11- 156 
Il-157 
U - 161 

lI- 163 

II-165 

l.l- 169 
tr-170 

il-172 
.l.I-177 



Number 

II.10-11 

II.10-12 

11 .10-13 

I I. 10- 14 
n . 10-1s 
II.J0- 1 6 
rr . 10-1,7 
I!.10- 18 

II.10-19 

II.'l.Cr-20 

II. l(r--21 

lI.10- 22 

II.ll-l 

II . 11- 2 

TABLE OF CONTENTS (con. ) 

Subarea locations and Thei r Transporc Disuoces co 
Dr,?dged Material Disposal Are.as 

IocatioQs Chosen for Disposal Sites in t he Three 
Phase I Oredgiag Areas 

Sediment Transport Cos t s by Specific Dredging Areas 
Within !'base I Dredging Areas 

Dis posai Technology Cos t Model : Qpen- Wa t .e r CappP.d 
~earshore Disposal Uike aad Wei r Cos ts 
Disposal Technology Cost Model : Nearshore 
Summary o f Cos ts for Confined Disposal 
Costs of Dredg1C1g Material from t he Phase I Ar eas, 

Hauling to t he Appropriate Site , and Dlsposal 
Dtedged 1'1.ate rial Haul Distances F1tom the Th.ree J'ha~e I 

Dredging Areas to Ioaations in t he Strait a nd OceaQ 
Dredged Mate,;ial Disposal Costs : Disposal in the 

Strait/Ocean 
Comparison of Di sposal in the Strait/Ocean t o Trans port 

and Disposal On.it Cos ts for Odter Technologies 
Tota..l Cos·ts for the Nanagement Options Presen t ed in 

che esDDA Draft EIS (Ii x 1 ,000) 
O:!ologi cal and Chemical Disposal Guidelines for th•? 

SeJ.ec t ed Site ConnicioC! 
Screening arid Mruc.trnum level Chemistry Values for t11e 

Recommended Si t e Condi tion 

TC-lJ 

Il- 179 

II- llll 

II- 1$3 
IJ- 185 
!I-186 
11- 188 
Il- 190 

II- 191 

U-194 

II-195 

11-196 

lI- 191; 

TJ-205 

II- 206 



January 1988 rev. 

PART I . Il'ITRODUCTIO•N 

1. STUDY GOALS, OESCRIPTll)N, AND ORGANIZATION 

This technical appendi~ addresses che development of evaluation procedures 
( testi ng and disposal_ guidelines) for de1:ermining when dredged material is 
acceptable for unconfined, open-water disposal pu;rsuant to the Clean Water Act 
in central. Puget Sound, the Phase I area of the P1uget Sound D-red&ed Disposa1-
Analysis (PSDDA) Study. A review and synthesis o:f studies conducted, informa
tion garhered, and analysis performed dur.ing devc.lopmenJ: 0£ the evaluation 
procedures a-re provided. 

Since the 1970' s, elevat ed concentrations of chem;lcals of concern as a resul, 
of mul tiple discharge so.urces have been ~ound 1.n :,edimencs oi urban bays in 
Puget SoUlld . Some of these chemicals of concern have also been 'identified i n 
fish, shelliish, and other o-rganisms. While res-e:uch is c_ont:inuing on the 
pathways by which e....:posure to sediment chemicals affect marine l ife or human 
health, recent field studies have noted adverse btologica.l effects in areas of 
high sediment chemical_ c oncentra tions. Because open-,1acer d.isposal of dredged 
material f rom harbors .and navigation channe.ls can result -in trensfer of sedi
m.ent chemic_als f rom shallow to deep wster, borb S1tate and local gove-rnmen t s 
have invoked, procedures of tbe State of l'lashingtQ:n' s Sborel.ine Management Ace 
t o llllpose srr!ngent eonditlons on r enewals of ope,1-water disposal site shore
line. permits. Dredgiqg is necessary to keep shiRping channels and ha rbors 
open, to construct o,;w p1n:te, ;,;nd sometimes to c l,aanup co uta:i.n:!.ns material 
concaio.ing high chemical coo.centrations. Consequ,ently, dredgini,1 i n Puget 
Sound has been a commonplace activi ty historically a11d is an ongoing necessity 
for the f orseeable fu ture. 

Five. basic disposa1- options a re possible. These. :lnc.lude unconfined, opep
water, "conventional" (unconfined, without. chemie,tl restrictions) upland/ 
nears ho re. confined aquatic , confined nearshore, ,!l.l!d c onfined upland. '.che 
three confined options result from the need co ad,dress sed.imeni: chemical 
levels that are unacceptable for unconfined o r co111.veot i onal disposal, Open
water sites are lQcated offshore in deep .,.acer areas. Unconfined, ope.a.-wacer 
disposal occurs through releasing material co fre,efall to the bottom with no 
subsequent handling. Coo.fined aqcratic disposal involves capping ma t erial_ t hat 
13 •~naccepcable f9r unconfined d.isposal wit:h material that is acceptable for 
unconfined, open-water disposal. Nearshore d.isposal sites are t ypi.caUy diked 
aquatic areas , but t he final surfac_e of che s11:e is ac o r 3bove the ;ratet
line, Upland disposal sites ;,>re on land entir.ely above 1:he waterline, are 
typically removed some distance from the sborelin,e, and are: often diked. Of 
ebeGe options, eSDDA i s addressing unconfined, op·en-wacer disposal in de t ai l 
(i.e. , siting , d redged macerta1- evaluat ion procedures, and sice management) . 
1'5DDA developed some f o.fcrrmation on o ther dispossl op•cions; however, f m:·tber 
efforcs with confined disposal are planned by ocher, sepa,ate State programs. 

Cost effective disposal of dredged ma terial is essential to the economic 
interests of ~he Puget Sound reg i on, which serves as a major port for tbe 
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!'fation. More than 200 small boat harbors meet thi, needs of comme:rcial Eishioe 
vessels and pleasure craft in the Puget Sound reg:lon. Periodic dredging is 
necessary in most of these small boat harbors, as well as for the major deep
water ports, For dredged material without signif:lca11t levels of chemicals o f 
concern, which constitutes the majority of dredged material, disposal at 
,.mcoofined, open-water sites has been the least costly alteruati ve. As upland 
arul nearshore areas bec·ome more difficult to secnre, use oJ1 uno,onfined, open
water disposal will increase. 

l.l Puget Sound Dredged Disposal Analysis . PSDDA is an lnteragency program 
which includes the Seattle District , U.S . Army Co1:,ps of Engineers (Corps) as 
lead agency, sul)porced by the Region 10, U.S . Envi r onmental Protection Agenc y 
(EPA), and the Washi.ngtoo Departments of Ecology (Ecology) and !fatural 
Resources (D.NR), The goal of PSDDA i1> to provide the basis for publicly 
acceptable guidelines governing environmentally safe unconfined, opeo-water 
d.i,sposal of dredged material, and to provide Poget: Sound- 11ide consistency and 
predictability in decisioas .concerning dredged ma1:erial disposal. The objec
tives of PSDDA are as follows: 

o Identify acceptable unconfined, open-water· disposal sites. 

o Define consistent a.nd objective evaluation procedures for the dredged 
material r ·o be discharged at those sites. 

o Develop site use madagement plans, 

Three work groups nave been fomned to address the PSDDA. objectives·, with staft 
from t he four PSDDA agencies seTving on each work group, }fany other interest: 
groups including rep resentatives from Puget Sound ports, Indian t.ribes, envi
ronmental grou])s, the dredging industr y, local governments, and other Stace 
and Federal agencies are also participating in thE!• wot'k group activities. The 
work groups, under the general guidance of the PSDDA Study Direc t or, have con
ducted studies and analyses needed t o meet the ·stE!ted objectives. These work 
groups are: 

o Disposal Site Work Group (DSWG) 

o Evaluat.ion P,:ocedures liork Group (EPWG) 

o Management Plan Work Group ( NPWG) . 

DSWG was assigned t he responsibility for ident:i>fy1.ng and selecting the. loca
tions of the unconfined, open-..ater disposal siteB in centra1 Pugec Sound. 

EPWG was assigned the responsibiliry for developmont of p1'ocedures and guide
lines for assessing the quali·ty of dredged ma terlal and d<>lineating which 
mat:erials are acceptable £or uncon.fined, open-..ator disposal, 
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11PWG was assigned t:t1e r esponsibility for developmenl of a management plan £r,r 
use of eaC!b of the unconfined , open-water disposal sites. 

The w"ork of PSDDA is divided into two phases t hat differ geograph.ka.lly and 
temporally (f:lguq, I.l-1) . Phase I of che study began in AJ?ril. 1985. The 
Rtase I study area covers a smaller geographic area than Phase II an<l includes 
Puget Souna from ~ ·erett south to Tacoma, and all of Port Susan c;o the north 
of Eve.rett (figure I. 1-2). lhe bulk o f dredging in Puget Sound derives from 
this area, which also contains some of the dredged material with higher leve.ls 
of c.hemical.s of concern. All findings contained in this techru,cal appendix 
are pertinent soley to the Phase 1 area nf PSDDA. 

Phase ll of the PSDDA study overlaps the Phase 1 snhedule and includes the. 
rest ~f Puget Sound up to tbe Canadian borde.'r (figure I.1-1) . The Phase II 
study began in April, 1986 and ls scheduled to end J. year la~ex than Phase!. 
Though the f ocus of this tecbnical appendix is the Phase l area, public scop
ing meetings were held by PSDDA in tbe Phase II communities of Olympia , Port 
Townsend, and Bel.lingham to ens·ure that the public in the Phase ll area woul d 
have ·an opportunity to influence the Phase I proc.ess aod results. Phase II 
decisions are separate from tbose of t he Phase I area, but many of che Pttase I 
results are expected t o be applicable to the Phase II area. This is especially 
true for tbe dredged mater:lal. evaluation procedures, wuere Puget Sound-wide 
consistency is a stated goal . 

Toe regulatory context fo? the PSDDA study :!.s Section 404 of rile Clean Water 
Act of 1977 (Pµb l,ic La"f 92- 500), wbic),. establ.:i.shes a Federal permit system ::or 
the di.s-posal of dredged and fill material, and Se,ction 401, which requires a 
water quality certification from t he State prior to issuance of a Federal 
permit: . The Coastal Zone Management Act (Public Law 92-583) reqµires Federal 
projects in t-he particular Stat:e be consistent .tlt:h the St:ate' s coastal. zone 
managemen-t program to the "maximum extent practic,able . " Full consistency is 
cequired for non-Federal p;roiects. Although its curren·t thrust is associated 
with t he dredging site, Section 10 of the 1899 Ri•ve.r and Harbor Aci: also 
applies to disposal activities in navigable waters. A more detailed descrip
tion of the legal requirements i;elevant to dispos.al of dredged material is 
presented in part II. 1. of this technical. appendix:. 

PSDDA is only one of several. ongoing enviromnenta.l programs in Puget Sound. 
The wot:k of PSDDA m<juit:•es detailed coordination witb the efforts of tbe Puget 
Socrnd Estuary Program ( PSEP) and t he Puget Sound '\later Quality Authority 
'(PSWQA). !'SDDA origi nated io the PSEP p-rogram as a discrete, and now separate, 
compooeot of the overall estuary program . Because i:he charter o.f PSWQA also 
includes dredging issues, components of the Authority's Puget Sound Water 
Quality Plan were devel oped in c l ose coordination wi t h PSDDA. 
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Evaluation Procedures Wbrk. Group (EPWG). Tqe goal of EPWG is to estab
chemical and biological evaluation procedures for dTedged material that 

I-3 



POR•T.'· • . 
ANG ELES 

ffil PHASE I STUDY AREA 

0 PHASE Q Sn.JOY AREA 

0 10 

0 5 10 rwAb1 mllu 
Nls-"fffwr 

Figure 1.1-1 . PSDDA study areas. 

I-4 

, 

WA 

NOEXMAP 



• DISPOSAL SITE 

.... EXISTING 
DISPOSAL SITE 

0 PREFEAAED 
DISPOSAL SITE 

□ 
ZONE OF SITING 

' 
' 

FEASIBILITY 

ffi3 PHASE I STUDY 
AREA 

TACOMA 

Figure 1.1-2 PSDDA Phase I study area. 

I-5 



Evaluation l'rocedures War~ 
Group. (EPWG) (con. 

January 1988 rev. 

allow rmconfined, opea.--water disposal i n an environment tlly safe manner by 
avoi di ng unacceptable adverse effects t o hUJllan. and env1.ro11J11e.ntal llealth. ln 
achieving this goa,J. , several important issues had to be addressed: 

1. What chemical and/or biological tests should be used on sediments? 

2. How should these tests be interpreted? 

3 What level of sediment chemical e_ffects 011 biological resou r<::es shoul d 
be considered acceptable? 

EPWG at temp ted to identify the most cost effectiv,: sampling and analysis pro
c edures £or appropriate.ly characterizing dredged rnatei:ial, and to i ncorporate 
these procedur.e.s into compre.bensi ve guide.lines . Chemical and biological tes·ts 
and inte-i:pLetat1on guide.lines were developed Eor .issessing- the acceptabilicy 
of dredged material for unconfined, open-water dlHposal. Application of t hes.e 
tests and guidelines allow preli.minary decisions to be made o n the need for 
confined disposal ( i.e. , c:on£ined aquatic, nearsbore, or upland). Th ough the 
foe.us of PSDDA 1s unconfined, qpen-water dispoaal 10 thls total approacn was 
required to consider overall. enviro nme ntal consequences of di sposal in all 
environments and ·the eost implications associated with decidi ng wbat. ma terial 
is acceprable for unconfined, open-water disposa,J.. 

Much of this work was aeeqmplisbed in close coordJ:nation with ocher prog-rams. 
!'SEP and PSDDA jointly partid.pa~ed i n t he lll:>rk to id~rte.ify chemicals of con
cern. and to develop sediment quality values. PSDDA pertici ])ated i n the 
development of several of the. PSEl> protocols f or ~;ampling a nd anal.ysis 
methods . In addition, the original work of the C.ommenc:ement nay Nearshore / 
Tidefla ts Superfund Remedial Investigation in devuloping a decisionmaking 
f ramewo-rk for evaluation of eontamioated sedimentB, and in def i ning chemieal
speci£ic sediment quality val ues, we-re i mpo, tant c:ontributions ( see exhibits 
E. 6 and E.9), 

1.3 Conce_pts. Eval uation procedures comprise thE, sampling requi rements, 
tests, and guideUnes for test interpretation ( i.e. , "disposal guideJ.ines") 
that are to be used in assessing the quality of d1:edged materi al and deciding 
on t he accep tability of dredged materi al £or a proposed disposal option. 
Evalua t ion procedures a.ave be.en deve.lo ped for cheolical and biol ogical tescs 
that se-rve ro i den ti fy whether unaccept able a.clveri;e effects on biologi cs.l 
resources mighr resul t frol!l drcedgeci material disposal. A decision for dis
posal ( i.e. , unconfined or conl;i.ned disposal) of t h is material is determined 
from rlre tes t t:esl,llts. Tne general flow of decisions in determining a n 
acceptable disposal option is shown in figure I.l·-3. 

No t all dredged material is accep table f or unaonfJlned , open-wat er dispo.s a l or 
f or convention al upl and/nearshore disposal. Dredged materi;,J. t ha t has high 
enough chem.ical c:oncentrations t o result i n unacc \iptable adverse effects must 

I - 6 



T ..., 

UHCONFINEO 
OPEN-WATER 
OISPOSAL 

NO 

AQUATIC DISPOSAL 
CHOICES 

SEDIMENT TESTING 
FOR AOUATIC DISPOSAL 

YES 

CONFINED 
AQUATIC 
DISPOSAL 

(OR LANO DISPOSAL) 

ASSESS EXISTING 
INFORMATION 

UNO DISPOSAL 
CHOICES 

SEOIMEHT TESTING 
FOR LAND DISPOSAL 

YES 

CONFIN"EO 
UPL.ANO)):-{fAAS .. ORE 

DJSPOSAL 
(OR CONFINED AQUATIC} 

Figure I. 1 -3. Basic decision process for dredged material disposal. 

NO 
UPt.AND ANO 
NEARSHOAE 
CONVENTIONAL 
otSPOSAL 



Concepts (coo.) January 1988 rev. 

be placed in a con:fined disposal sice (i.e. , aquatic, land, or nearshore) . 
Chemical effects are estimat ed by conducting che~ical and biological t asrs on 
the sediment prior to dredging. Material mat is found co be unacceptabl e for 
unconfined, open-water d isposal may or may n ot be acceptable for conventional 
upl and /nearshore disposal, because of dHfering- b,ehavio,; of chemicals in land 
and nearsnor,; disposal environments. As- ,i. result ,, testing f or disposal a t 
upland and oea r sbore si•tes would iilffer f,om that fo r disposal io water , and 
test t'esulcs for one enviroolllent ara not di rectly transferable to the other. 

There is no single best option when con£ined diap'lsal is required, Although 
all opti ons may be feasible, not all confined disposal options are available 
to every dredging pro j ect. Additionally, confined disposal decfsfoos w;Ul 
o:ften revolve around t he adva ntages and disadvantages of specific sites (e . g., 
proximicy to resources). Besides availability am! siring, the i,;,;ue s of ~osc 
and of the necessary degree of chemical confinement and control also must be 
considered. 

1.4 lmplemen·tai:ion of the PSDDA Evaluation l'rocedures . Responsibilities of 
each of the PSDDA regulatory agencies under Secti<m 404 or Section 401 of. the 
Clean Water Act (CWA) ;,ill be accomplished in accordance with each agency's 
authorities and pol.icies. 'l'he PSDDA drec\ged mateici al evaluation procedures 
rill he applied by each regulatory agency consistent with these authori ties 
i!nd policies. This appendix provides the bssis .for ;,.n ove.i:all .appr oach which 
can meet the case-by-case r equirements of both Sec!tion 404 and Section 401. 
Most elements of the PSDOA procedures are common 1:0 both a uthorities . How
ever, some elements are unique to either Section 1\0 4 of Section 401 require
ments. Those seeking approval for unconfined, oplrn-water disposal will need 
to meet both requiremen t s, i.e., unde.rtake the fu:L l suite of PSDOA tescs, as 
each agency de termines is applicable , 

The Co,;ps requ.irements for tile evaluation of dredged 111atertal proposed for 
unconfined disposal :l.n Puget Sound waters , as specified in Subpart G of the 
Section 404 (b)(l) Guidelines, w:Ul be met p rimari:ly by the Section 404 compon
ents of the PSDDA evaluation pr oced11i:es . The Sec1:ion 404 componen t of the 
PSODA procedures are, and Vlill be, applied consistent W'itlt thr; national Corps 
process described i n the PMP. The Coi:ps wi.11 add1:ess o t her aspects of the 
Sec tion 404( b)(l) compliance, such as impacts on navigation and national com
merce and avoidan.ce aod minimization of impacts, :Lncludi.ng- m.it:igat:ion of 
unavoidabl e impacts and alteruatives analysis on a . case.- by- case basis. 
Required national. Corps pr oc edures £or implementait.ion are reflec t ed in 51 FR 
19694, dated May 30, 1986 for Co,;ps projects and ;33 CFR 320- 330 for the Cor)ls 
regulatory program. 

EPA will rely on the PSOOA evaluation procedures ;as the basis .for 1,>reventing 
significant degTadation of t he aquatic environmenlt as required by the Section 
4011 ( b)(l) Guidelines . These procedure·s represen t the. testing approaches and 
procedures , allowed under the guidelines, which EJPA would require during t he 
evalua tion of dredged materiaJ.. Other aspects of the Section 404(b)(l) 
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c ompliance, such as a voidance and minimization of impaccs, i ncluding mitiga
tion of unavoi dable impacts, "111 also be addressed by EPA, during comprehen
sive reviews, on a case-by- case hasis. 

Ecol ogy !/ill apply t h e appropriate PSODA evaluation procedures in a ssessi'llg 
applicat-J.ons for Section 401 Water Quality CerCi.ficacion. .tnHially , the pro
cedures wi.11 be treated as guidelines. However, depending o□ actions chat 
might be taken by the Puget Sound r,ater Quality Authority in their adopt i on of 
t he proposed PSDDA managemen t plan as a feature of the PS\-IQA Water Quality 
Management Plan, the PSDDA evaluation pr ocedures may lacer be adopted as Stace 
regulation. 

1. 5 Manageme,rt of the Evaluation Procedur.es Work Group 

l.5.1 Participants a "d Coordinac:io" of Work. RepreaentatJ.ves of the Corps, 
B,PA , Ecol ogy, and DNR met a s necessary to coordin.ace ,he work gro up activities. 
Ac tive partieipation by affected users vas also o btained at the meetings vi.a 
repres ent a tives of the port districts. In addition to these principaL groups, 
a number of orher city, county, Sta,e , and Federal agencies have participated 
in the work of EPWG (table I.1-1). This particip.ation has helped to ens ur€ 
cha t resulting recommendations would reflect a balance of all a pproprtate 
views. 

Over 50 EPWG meetings were beld from 1985 to 1987. For most meetings derailed 
minutes were recorded, summarizing the conclusions of the work g r oup discus 
sion. Meetings were frequent enough to enable t h,orougb discussion of all 
issues that needed to be addressed. The ultimate resolution of s uch issues 
ap pea rs ia the mi nutes or i n special reports, and in this append ix. Addi tion
ally, the 1;:!.>WG meetings allowed generaJ. monitorin,g of t he work as it pro
eeed.ed. This monitoring included contract oversi,ght and review o.f technical 
documents submitted by agencies. or cont:raccors. 

1. 5 . 2 Public Involvement. With the exception of budgeti ng aeecings, all EPWG 
111eetings were open to the public. The public was also involved in t he EPWG 
decisionmaldng process through. a series of evenin,g meetings held at several 
l ocations during the summers of 1985 and 1986 . These public meetings were 
publlc:tzed t hrough news media coverage, lo.formati,on brochures, newsletters, 
a nd b.y enc01,1raging involvement of various organiz,a.ti.on.s. 
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TABLE 1 .1-1. LIST OF EPWG PP..RTIClPAflTS 

Agency R,?presentative 

U.S. Army Corps of ~ngineers 
" 

U.S. Environmental Protection 
Agency 

" 

Washington Dept. of Ecology 

Washington Dept. of Natural 
Resources 

Washington Public Ports Assn. 
·eorc of Anacortes 
Port of Bell ingham 
Port of Edmonds 
Po rt of Everett 
Port of Olympia 
Port of Port Angeles 
Po rt of Skagit 
Port of Tacoma 
Port of Tacoma 
Port of Seattle 
Port of Seattle 
Puget Sound Alliance 
Northwest Indian Fisheries Comm. 
Washington Dept:. of Fisheries 

" 
U. S. Fish & Wildlife Service 

Dept . of Social and Health 
Services 

National Mar ine & Fisheries 
Service 

Puget Sound Water Quality 
Authority 

Keith Philllips 
John Malek 
Frank UrabHck 

Brian Ross 
Carl Kassebaum 
Catherine Krueger 

John Malek 
Jim Krull 
Jim Thornton 

David JamiBOO 
Don Moos 
Don Hoos 
Don Moos 
Don Moos 
Don Moos 
Don Moos 
Don Moos 
Don Moos 
Don Moos 
Gary Kucin~•ki 
Doug Hotchkiss 
Don Moos 
Jim Beil 
Dennis McDonald 
Cu r tis DahJ.gren 
Mary Lou M:i.lls 
Chuck Dunn 
John Cooper 

Carl Sagerf,er 
Steve Nors1:ed 

Hike sc·hiewe 

John Dohrmann 
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EPWG member * (a) 
.EPliG member * 

* 
EPWG member * 

* 
PSEP / .EPWG * 

member 
E:PWG member * 
EPHG mem be c * 
EPWG member * 

ln'WG member * 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* * 
* 



Agency 

Tetra Tech, Inc. 

" 
Hart-Crowser, Inc . 
Ogden-Beamen Assoc . , Inc. 
City of Everett 
Metro 
JRB/SAIC 
National Oceanic & Atmospheric 

Administrat:ion 

TABLE I.l-l (con.) 

Representative 

Robert Bar:rick 
D. Mike Jo!ims 
Chuck LytJ.,~ 
Nancy Musirrove 
Phil Spada;ro 
John Vlast,2l1cia. 
Cerry Ervi11e 
Pa t Romberg 
Don Weston 

Waterways Experiment Station, WES 
Ed Long 
Dick Lee .. 

.. 
University of Washington 
University of Massachuset t s 
New York University 
Invert-Aid 
consulting engineer 
cicizen 

OTHERS CONTACTED/CONSULTED 

City of Seattle 

National Marine Fisheries 
Service 

Battelle .. 

Dick Peddic~ord 
Stratford Kay 
John Cullinane 
Tom Dillon 
Paul Dione.I 
Jim Male 
Joe O'Connor 
Dianne Robbins 
Jay Spearman 
Bonnie OrmE? 

Elsie HulsJ'.zer 
Jul.ill Gibbs 
Fran Solomon 

Ed Murrell 
Jack Ander,ion 
Jack Word 
Jack Hardy 

* • 
• 
• 
• 

• 
* 
* 
* 

(a) * Indicates active participant. Attended sev,?ral meetings and/or made 
frequent phone contac t on the proceedings . 
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2. BACKGROUND AND OVERVIEW 

2 . 1 J:rttroduci:ion. A nwnber of conceptual terms ,3nd ass ump dons were usted in 
a specific context wi thin the PSODA pr ogram . n1e,se terms (and assumptions) 
and their interrelationships ,µ-e deiined in this ,~ectlon, 

2 .2 Definition of Dredged Material. '!'.he PSDDA s 1tudy focused on the disposal 
of dredged material (e,. g . , tel ocat:ion of c,mstruc1:ion material, waste, or 
debris, and habitat improvement were not within the scope of PSDDA) . In 
open-water areas, dredged material comprises sediiaent, rocks, and other botcom 
material t hat is removed during d redging oparati.ons. TIie definition of 
dredged material is more c001plex when dredging op,~rat.ions occur along the 
shoreline. Strictly speaUng, only materia1 to tbe lef't of the vertical line 
in Ugure I.2-1 is dr edged materi-u (per Section <\04 of the Clean Water Ac.t} . 
Material to the dght of t he vertical line in figure 1.2-1 is classed as 
"excavation m.a-terial" and is officia.Ll,y not considered for disposal in marine 
wa·cers {per permitting regul.ations) , When such a vertical cut is made, slump
ing of bank mat.erial in the a-reas labeled lb and .le in figure 1.2- 1 occurs 
because it lies above a reasonabl e angle of -rei)OSl3 and is unstable. Hisco"d.c
ally in Puget Sound, such eJ1:cavation material has been informally considered 
d,:-edged material. Bowever, bank material excavat,~d below the angle of ,:-epose 
(i . e., areas labeled 2 and 3 in figu,:-e I . 2-1), or otber land excavation mate
rial, has been permitted, aod will continue to be included, as dredged mate
tlal only if there would be sn ecoiog"l:c.al benefit (e .g., habi tat improvement) 
at the disposal site. 

EPWG agreed that che bank material in areas lb and l e of figure I. 2-1 shou1d 
continue to be defined as dredged material. In_ addition, bank material in 
areas 2 and 3 of _figure 1.2-1 also should be cons:lde,red dredged macerial for 
possible open.-wacer disposal if an ecological beOJ?fit can be sbo\llll at the 
dredging site . .For exampl e, a fiJ.l project may r,~move shallow water habitat 
that can be , eplaced with new shallow water habitat if some of the materi.al in 
a r aas 2 and 3 of ~igure I.2-1 is allowed for o peo·-..,ater disposal. 

Finally, dredging contracts rout.in-ely include "ovterdepth" material t hat is 
often 2 fee~ btlow the required dred_ging depth (,mcept for very small projects 
"bich may decide to minimize overdepth volume for cost control) . In 1:he past, 
the vo l ume Qf overdepth material Ms nor been sho1m i n permit applications. 
This Volume of d,:-edged 1J1ate,:-ial npw would be included in penI1it applicacions, 
at least fo, moderate and large size _projects. Add:l,tionally, tl1e 0ve,deptb 
volwne would be included in the calculation of t hl; requ.h:ements f or sampling 
and analysis (sete section II-4 below) and monitor:lng fees . Small projects 
will not necessarily be reqilired to i nclude a -ful.L 2- foot ove,:-depth in calcu
l a t ing volumes· unless such volwnes are likely to 1:>e d,:-edged . 

2 ,3 New Sediment Surface Exposed by Dredging. D:redgin!]: operations can alter 
the condition of tlie s.u.rface -Sediments in the dredging area by exposing ne-w 
sediments co direct coni:aci: witb biota and ,:he "ate,; column. llecause the 
e,rposed surfaces may resuJ.t io greater surfaci? sediment d1eoical concentr a
tions than existed before dredgi ng, chls aspect o:f dredging must be considered 
in project planning, review and deci s i onmaking. 
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Figure 1.2-1. Cross section of a dredging prism. 
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A variecy of opt:ions were considered for the samp.lins of material that might 
be le.ft followi ng a dredging operation. EPWG .spe,cified that rhe new exposed 
surfaces be sampled to a depth of 1 ft below overdepth, a□d that the composi
ted sample be -archived. Chemioal analyses of chi,s material woula only be 
req uired of the dredger if the sedime□t above the proposed el<posed surface 
indicated potentially el.evated chemical concentra·t;lons . 

Several opHons for disposition of, and respoo.sib;llity for, material that 
mig ht be le£·t foLl.o<tlug a dxedging operatio n we1te discussed. Resolution of 
chis issue was as follows, with three separate ca1;es coctsidercd: 

1 . Material with unacceptabl e chemical concentrations may be present 
adj acent to a dredging area, but in an ar1~a that is not proposed to be 
dredged, In such cases, the dredger has 110 requiremectt under t he 
PSDDA program to address the £ace of the sediment in the adjacent area. 

2 . 'The dredging operation may result in expo,3ure. of sedimectt that h as 
bighei; chemical concentratiocts than t he material tha t was dredged. 
The coctcentrat.ion of chemicals in the exp,~sed sediment could: 

a . be le$s than the chemical MT, for unconfined, open~ater di sposal; 

b. exceed the chemical ML for unconfined, opect-water disposal, bur 
not the in situ ·sediment standard for checllical concent,ations {i,e., a 
chem.J.calguidtline requiring evaluatioct 01E potential remeaial action; 
suc!L a gaideline. bas not yet been estabU,;hed); or 

c. exceed the in sit:u sediment standard :for chemical contaminacio□ as 
well as the chemical ML .tot: unconfined, openc-water disposal. 

Toe dredger must overdrea~e or cap the exposed sediment 1£ chemical 
concentrations in the sediment exceed the ML f or unc onfined, open
water disposal (see section II- 8,2 and cable II.1.1-l) . .Dredg:1,ng thee 
causes su.r,fac-e chemi·cal concentrations co exceed this level is 
unacceptable, 

3. The dredging operation may leave material tbat contains lower chemical 
concentrations chan was inlt;iaily present.. ln this cas e, the dredge r 
has no requiremen·t under the dredging px;ogram concerning the fate of 
t:he exposed sediments . However, tbere may be other regulatory pr11grams 
tbat request or require additional dredging in thi s, and the ocher 
cases. l'or exampl e, c,he dredger may be. d,atermined co be responsible 
for discharge of the chemicals of concern and be required unde r a 
State or Federal regulation to conduct aa,Utioaal dredging as a 
remedial. measure. 
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Z,4 The Need for Consistency in Dredged Mat eria1 Evaloation. Consisrent 
eval11a tion proceilures are important to the reguJ.al:ed community , demanded b_y 
local government agencies, and are needed to obta;lo public acceptance . Tho ugh 
consistent and "objective" evaluation _procedures roa y somewhat reduce :flexibil
ity and rellance on best professional judgment, they achieve agreement \lf.mng 
the vari ous regulatorY. agencies and allow the t r ansfer of knowledge as staffs 
change.. The app11oach used was to compile the con,;ensus "best judgment" of 
professionals c11rrencly involved in dredged mace:cilal management and build tbia 
j udgmenr i nto the procedures and guidelines. 

2.S The Need for Flexibiliry i n Applicadon of E'1aluation Proc:edures. 
Altl,lough consistency is an im,portant objective, &l?WG recognized tha t flexibil
ity must be maintained in the way the evaluation procedure1, a,nd disposal 
guidelines are applied. When technical indicatio11s warrant, decisions dif
ferent f r om those indica·ted by the guidelines wilJ, be allowed, and properly 
documented. The evaluation procedures wil.1 be applied and non.sidered on a 
project-specific oasis , In developing procedt.ll:es ior use everywhere lo Puget 
Sound , it was aot possible to consider all individual project technical fac
t ors, or assess all rhe possible outcomes that migh t arise froo,. the. test: 
resul ts . Gonsequeatly, professional judgment i s !!ssentlal ia r eacb.ing project
specific decisions. The evaluation procedures (irn;luding the disposal guide
lines ) require full coasideration of all pertineni: project £actors. Flexibil
ity will b e provided "by e:tcepci on. " .The guirlelines are expected co apply in 
the majority of cases . Rae.her t11an integrating fJLexibility into the guideline 
~tatements (by showing ranges of values, or by ustng teTIDs sucb as· "may do"), 
"e.xt:eptions'' to the guidelines a re allowed with appropriate technical ration
ale and doc umentation , when sucb rati onale "a.rral:11:s a different concl.usion. A 
consensus of all appropria·te ageocies "ould likelJ/ be requi_red for use of this 
e~ception approacb. 

A good example of how f l exibili ty eorers into rhe decisionmaking process using 
-evaluation procedures is the use of statiscics .and professional judgment in 
da t a interpretation. Statistics a r e pd.maz,ily applied in the initial data 
analysis stage of tl;,e PSDDA disposal gllidelines. Stat istical signi.ficance is 
used to de t ermine if observed differences are "potentially real" wben natural 
variability of the parameters be.ing measured is considered, Ultimate data 
incerpretatloa requires judgment o n the pat:t of a p:rofeasiooal who is Inti
matel y familiar with the testing procedures, t he p1toject spec.ift.cs, and t h.e 
i~it:tal data analys is conclusion.s. 

Analysis of data consi sts of a comparison co gu:ldnline values t hat are devel
o ped using stat;.i.st1.cal signifi calfce as a clea-.: indicator of toxic1t:y. How
ever, ecological significance cannot be determined by tb.is process. De t ermJ,n
ation of ecological significance requires bo.th an understanding of the data 
and evaluation procedures, and evaluation of thoso test results based on best 
profess ional judgment . In addition to data enal y!;is and incerprecation, 
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decisions on the acceptability of material for uneonfined , open-water disposal 
may be further influenced by admini strative considerations of factors such as 
m.ignitude of -the pr·op6sed di s c tJ...i,ge, the degree OJE environmental tlslc. chat the 
discharge may present, and other project- specific feat:ures . 

The full. meaning of '"statistical significance'" wa,s purposel y not detailed in 
the proposed PSDDA guidelines, This provides som•? of the necessary flexi bil
ity to conaider statistical. confidence and magnitude of the apparent toxic 
.response in inte1:preting whether test results ind,Laate potential eco l ogical 
significance. 

2.6 Critical Characteristics of Evaluation Pi-ocedur es. Evaluation procedur es 
comprise the complete pi-ocess of dredged macerlal assessment and incorporate a 
range of scientific and administrative factors . Beyond the decision to base 
d redged material evaluation on. avoiding unacceptable advers·e biological 
effects, effective evaluation procedures should aJ.so be : 

o Accountable - Any required tests as part of the permitting. proces·a 
mus t be justifiable to t he individual pe.nnittee and to the public . 

o Adaptable - The requirements must be, fle,dble enough t o allow for 
project and site-specific concerns and be adaptable. to projects of any 
stze. 

o Consistent - Wittlin the different re_gion.s of Tuget Sound tbe re wiLl 
be multiple projet:ts of various sizes, kinds, scope, and chemical con
centrations. Nevertheless, the permitting procedures must be applied 
consistently. 

o Cost efzeccive - The most cost-effective means of achieving the 
required tecbnical adequacy must be a ppli.Eld. 

o Objecti ve - The requ;!..rements roust be cle,.rly stated and logical. 
Even if the criteria are subjective, they muse be abl e to be applied 
in an objective manner. 

o Revisable - Because scie.nti£ic uncertainties exist:, t he procedures 
must be able to be updat:ed to incorporate. best current information and 
judgment: . 

o Understandable -- The requirements must not be unnecessarily cumber
some or convoluted. 
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o Technica.lly adequate - Characterization ,of the dredged mat.erial must 
be adequate to make a1)propriate decisions concerning project dredging 
and disposal, and should address t he behavior of chemicals of concern 
after the dredged material is placed a t t 'be disposal site. 

o Tima efficient - - Becausa major dredged d:isposal projects ar e a con
tinual necessity in Puget Sound, evaluati,on procedures mus t not resu l t 
in unnecessary delays . 

o Verifiable - To be enforceable, the impl,~me11tation of the r equire
ments must be verifiabl e by means of monitoring. 

These 10 c haract eris t i cs were used as standards f ,, r t he final development of 
the evaluation procedures . 
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3. l Overview of Evaluation Pi:ocedures Work Gro up Strac.egy. An overa l l 
strategy was formulated based on the n;,ed for evaJ.uatlon procedures, their 
critica.l characteristics, rhe issues that required resolution (see exhibit ,'\), 
a nd underlying assumptions . The critical elemencs of titis strategy are sum
marized bel ow: 

o Comprehensive ap11roac.h - A comprebensive ap,proach ~collsidering ill 
dredged material and disposal options) is required t o make proper 
decisions on guidelines for unconfined, open-water disposaJ.. 

o Quality-based standards - Sel ection of appropriate dredging and dis
posal technology 1,ill be based on the quality of the dredged caterial 
a nd the level of protection desired. 

o Chemical and biological tests -- Both c he:mical and biologicaJ. tcesti11g 
are needed. Chemical testing for all harmful cbemicals of ,mncern is 
not pos$ib1e, nor is it possible to reliabl y predict biological 
effects or single or multiple che.micals . Biological casting c1irectly 
measures such effecrs, al thpugh all biolo:gicaJ. effects cannot be 
assessed by availabl e testing procedures, Current protocols for bio
.Logical testing are not a panacea, but ar,e the best available. 

o Av;g,UabJ.e guidelines - Biological and cl:temical tests will be inter
preted by applying available guidelines, .standa:,;ds, .and effects data 
to t he tes t resuJ.ts (e.g., hlllllan health s.tandards, water quality cri
t eria, and "sediment qualh:y values"). ~here possible, additional 
interpretive guidelines have been developed from existing information. 

o lliologic,:u testing reference areas - liher e there is no available o r 
applicable gUidance for interpreting biQlogi~al tesr results, accept
able reference areas have been ide.n ti£ied and tests must be .un on 
sediments h'om these r eference areas to compare t o dredged macer.isl. 
results. 

P'or Phase l, tbe biological and c11emical testing ,strategy desccibed in 1:he 
following sections was applied by EPWG to unconfi:ned, open-water dispasaJ.. 
Further invesrigation by others will be needed to determine if this approach 
is applicable for assessment of conve.ntional uplamd / nearshore disposal. 

3 . 2 Chemical Characterization of Dredged Material. Sediments in urbnn water
ways often conl:ain 11bemicals from {ndustrial1 urb,an, or agricultural wastes. 
Such sediments l'lrise concerns about the release o.f chemicals of concern into 
tbe environment during and after dredging and discbarge, the movement of chose 
chemicals aJ.bng envirpnmental pathways, and their effects on ot:ganisms. 
Because the nature and magnitude of Bhemical concentrations in dredged mate
riaJ. are sice-,specific, sediiiien t:-specific info.rmation from tbe pi:oject area is 
needed to assess oo t eii tia1 chemic.al effects. 
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Based on existing data and know.l edge oo a pparent biological effects of chemi
cal of concem, cnemical characterization of a sediment may enable recognition 
of che potential for adverse effec t s from dredgin:g sind di sposal of that sedi
ment. Hence , for unconfin ed, open-wa·ter disposal, eve.luacion procedures were 
developed to rel ate tne chemical concentrations i :n dredged material t .o pocen_
tial biological effects . Chemical- specific ·•sedi:ment q_uality values" were 
developed us ing sediment chemistry and biologi cal effec t s lnformar ion from 
eves 190 stations in Puget Sound. The sediment q·uali ty values a r e useful 
tools i n i dent ifying _potentially narmful 1.eveJ.s o:f chemicals i n sediments and , 
as part of PSDDA., Will be used as chemical guidel.ines for determining wnen 
biological testing of dredged material snoul d be :required before ·a final deci.
sion concerning disposal can be made. The EPWG s trategy was t o set a 1"1w 
chemic,tl_ concentration (1. e . , a SL; see section II) below whl·ch unacceptable 
adverse bi.ological effects are n ot anticipated, a,~d dredged ma te r i al would not 
require biologi cal testing to determine if unconf:lned, open-water disposal Ls 
appropriat e . At a much higher chemical conc:ent ra·t.i.on ( i.e., ML; see section 
II) , the dr edged ma·terial is e.ic;_pected to be unacc,aptaole for uncon£ined

1 
open-water disposlil. . At intermediate chemical_ co!lcentr at iO ns, biological 
testing would always determine whether the propos,ad disposal metbod was 
acceptabl.e (see figure f.3- l) . The dredger is al,30 gi'Ven the option to con
duct biological. testing on material cha t exceeds 1:he }fL. Appropriate testing 
under thls option is discussed in section 11- 2.5 . 

3.3 Biological Characterizat ion of Dredged }later:lal. Dredged mat·erial is a 
compl ex miJCture of soils minerals, water, and i no1rganic and organic chemi
cals. Compiu and unpredictable, as well as pred:lc tabl e, interactions can 
occur among these components of dredged material ;,ml wit h organisms exposed t o 
the dredged material. Frequently, chemical charac: t eri zation of d r edged mace
rial is inadequate by itself to predict t ne potenl:ial effect s on aquatic 
organisms . lliol.ogical characterization of dredged materiel ha-.; been incor
porated as an additional means of ensuring that P,Otential effect s t o bqth 
wacer column and benth.ic organisms are no t overlo<Jked. The biological i:ests 
CYJ1ically include direct exposure of the dredged •D? terial t o sens itive organ
isms ( e.g. , s ediment bioassay and bioacoumulation tests), or indirect tests 
us i ng extr acts f rom t:he dredged ma terial . T"ne reasons for not relying 
,entirely oa biological testing include ti1e high c<lsts of the testing (espe
c i ally whe.n vezy low or h igh chemical concentratii,os suggest t he likely tesc
ing outcome·s), and the inabil ity of current bioasi;essm.ent protocol.s t o ade
quately address all adverse biologiaal ef.f,ec ts <lf concern. 

3 . 4 Developmenc of a Test Sequence and Disposal (;uidel ioes, Selection 0 £ 
appropriat e alternatives for the disp·o,sal. of dredged 1:1at erlal requires a 
st:rategy for the o-.;c!e-rly assessment of chemical and biol ogical test results. 
'fh.ough substantially refined for application to P1iget Sound , the tes ting 
sequence and guidelines a r:e based on the _frameworlt devµop ed by the Coi-ps 
1·/at:erways Experiment St a tiQn (1,'ES) for PSDDA and l:he Commencement Bay Near·
shore/'l'idefl at:s Super.fund Remedial Investigation. The WES framewor\< is basad 
o□ cbe Corps' management strategy £or overall d redged material management that 
pr ovides! 
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o An er.planation of environmeocal concerns for different dredging anci 
disposal !ilternatives, and the corresponding management strategies 
(the WES .framework perspective was <1dopted by l'SDDA ,ri thol:!t changes). 

o Testing $trategies and protocols fo:r determining the need for restr!c
cions or controls during and after dredgi:ug a:ntl disposal ( many of the 
WES report recomme-ndatiorts wer e used , but regfooal protocols for Puget 
Sound were also developed). 

o Guidelines for interpreting ·test results, impleinenting design strat e
gies, and appl ying management plans . (l\'E!:i- interpretation guidelines 
were adapted and expanded to address regipnal needs, issues, and data . ) 

For application to unconfined or conventional disposal, man1 of t he decisions 
are of a regulatofy nature, relatively straightfoi:ward, and as a result, the 
decisioIIII\llld.ng framework is simpl.ified. For coni:lned dis.ppsal, iterative 
seeps in. the framework and ·complexities in project des!gn will ,;equire tite 
development of detailed site management plans. 

3.5 RegionaJ. Administ,ative Decisions. Tecb.nica1 knowledge nnd understanding 
of scientific issues are only part of the decisio1lmaking process . I/hen _few 
data are available 1:0 support a particu.lar decision, when data are inconclu
sive, or evell when substantial data are availabl e,. t he priorities for choosing 
a.tnong alternatives will be established by ·regionaJL administrative decision
makers. These Regional. Administrative Decisions (RAD) are ba·seci on both 
scientific evidence and administrative j udgment ( J:igure I. 3-2 ) . 

The term "'RAif' is a general term used to describe a wide variety of issues 
where administrative j udgment m11st be added to iniiuffic i ent scientific infor
mation in order to make a decision • .RAD's in che Phase l study concern the 
acceptability of the material to be disposed in Ut1con.fin.ed, open water . l n 
Puget So11nd, administrative judgment ls sbered by the State and che Federal 
governments. Ecology certifi•es that t-he material meets applicabl e rea.uire
mencs of Section 401 of t he Cl ean Water Ac1:. The Co.-ps detennines if disposal 
of the materiaJ. complies With SectiOn 404 of the Ace with review and comment 
by EPA. 

RAD ' s include selecring amon.g multiple options th,,t are similarly defensible 
in a scientific. sense; in a policy sense, such as inclusion of a dilution 
( mixing) zone as an allowable technique fo r accounting fo~ the impact of dis
posal and achieving acceptabl e disposal cond.lt.ion,1; or in an overall social 
and regulatory sense. 1n t:he past , these judgments were generally made on a 
case-by-case basis. EPWG has identified these decisions (listed in exhibit 
B), and prepared the recommended evalu.ation procedures in la.rge part by devel
oping a consens·us on. how each RAD should be handl,id. RAD is made during PSDDA 
are pr ogram- level decisions that affect dredging lln the entire 
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Phase I area. For clatlGy within PSDDA, remaining issues th.at ~ere necessar
ily left for case- by- case, project- specific cesolution by besc professional 
j udgment are not referred to as RAD's . 

Pro ject-specific decisions will be guided by thes,e PSDDA RAD ' s . For example, 
one RAD in the Phase 1 study was to establish an uppe r chemical leveJ. for each 
chemical of concern, based on eval.ua t ion of numer,ous factors discussed in par t 
II of this technical appendix. This one- time pro,gramma1:Ic decision was part 
of the comprehensive p l anning proces s , with t he ~~D beio,r; accepted collect
ivel y by t he PSDDA regulatory agencies (see secti,on I . 1.1 ). Additional RAD I s 
may arise and be resolved during specific project,s and studies and then be 
applied to all s ubsequent activities as part of i tmplemeotation of the ESDDA 
plan. Also, f nture changes to the PSDDA RAD' s .,o,uld be accomplished through a 
similar consensus proces s. 

The list of RAD's considered by UWG coVere<l a wide range of issues, including: 

o Seleetion of reference conditions againsr which to compare biological 
test results. 

o Selection of test species a nd hioassay ce,!hniques for dredged material 
testing. 

o Sampling requirements when collecting sed:lment for analysis. 

o lfoviroomental pathways requiring t es t ing .Eor different disposal 
methods. 

o Interpretation of bioaccumulatioq test re:;ults relative to human 
health effects. 

o Selection of acceptable uppe·r levels of a,!verse biological effec,ts at 
disposal. sites. 

The lasi: category is of particular importance, A:U dredged material contain
ing chemiaa.ls of concern entail some level of risk, regardless of tile disposal 
option selected. Federal and State regulatory agl!ncies, in consultation with 
the public and others, must determine what level llf effects is acceptabl e for 
diffe.-ent concerns, encl b9;; those effects are to be managed (i.e . , what trade
offs and comparisons need to ·be made) . Details o:E the .RAD ' s 
considered by EPWG are given in e>thibit :B (~th e1ophasis on the altem.a.tive 
decisions tonsidered). A summary of RAD issues i,; provided i.n e:<hibit E .3 . 

A]lplic:a tion of ·me evaluation pr ocedur-es will requi re cont:inued direct 
invol veme nt by experienced p r ofessionals. The pr<Jcedures set forth in this 
appendix W'ere develope·d by experienced manager s and regtila1:ors. ffoweve,:, 
additional discussions· are antici pa ted as the procedures are implem.ented with 
clarifications and modificatio11s ~o c:he procedure:; e;rpected. 
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4. DREDGING !.N THE PHASE I A'R.EA 

Phase I of PSDDA is focused on dredging acrivi tles i n the central area of 
Puget Sound, includi ng maintenance navigation dredging, ;,.nd dredging for new 
port facilities. There--are five Federal and numerous port and [>rivate aavi.g,a
tion projects in ~he Phase I area of Puget Sound that requi_r;. maintenance 
dredging, many of which assume use of unconfined, open-wate,: disposal. Most 
dredging activity 1s highly dependent on the availability of nearby disposal 
sites because of economic considerat ions. Alternative disposal sites (e .g., 
upl and sites) ate generally npt avaiiable without eoosiderable increases in 
!!Ost~. Dispos-al at confined aquatic or upland/nearshore sites, while depen
dent on the specific project, is estimated to cost from J to 10 cimes more per 
cubic yard than che cost of present open-water disp9sa1. These cost differ
ences affect che feasibility of many dredging projects. 

4.1 Major Dredging Areas. Mos t dredging activities in central Puger Sound 
oecur i n a small number of s ubareas associated witb the cnree major urban 
embayments (table L4- 1) . Dredging activities in central Puget Sound have 
b~en reviewed and summarized 1n the Puget Sound Dredged Material Inventory 
System (Envi,osphere i ~86}. The Dredged Matecial Invent ory was developed £ram 
Corps permit applications, EPA summary records, data from Ecolog)>, and other 
sources . Its purpose was to i nventor y tbe sources of dredged ma t erial_ and to 
characteri1.e che~e dredged sediments with regard to location, volume, chemieal 
composition-, and known biological effects, The c omputer ized da t a base has 
been used_ to summarize bis toric and current dredging act:ivlt i es, and to fore
cast the volume ;;rid nature of sed.iments that may be dredged ip tile f uture . 

4,2 Historic Dredging. Dredg~ng operations in Puget Sound involve removal 
and disposal of very lai;ge volumes of' matedal. From the Dredged Material 
Inventory iE has been estimated that a total Qf 16,850,,000 c.y, was dredged 
durine the is-year period from 1970 to 1985 (tabl e -1.4-2) . App,;orlmately 40 
percent of this total was deposited 11t ~coniined, open-water disposal sites . 
Thus, ·an average of approximately 450,000 c.y . of dredged material was deposi
ted into central Puget S011nd each year during chi s period. The remainder of 
dredged materia.l. was deposited at nearsbore or up.land disposal sites. How
ever, nears bore and upland sites have becnme scar,ce in recent years, and use 
of unconfined, open-water disposal bas i ncreased. While 24 percent of the 
materi al dredged by the Corps du r i ng the 1970 1 s went to open-water sites, ove~ 
50 percent of the macerial dredged in ths l~80 's bas been aent t o open-water 
site·s. 

4.3 Dredging l'orecasts. The Dredged Material Irrve.ntcrry dace base was used in 
conjunction wi'th information on curre"tly planned projects to pr ojeat the 
total volume of sed'i.Jnenc to be dredged in the Phase I area during the LS- year 
perlod from 1985 tjl_r_ough 2000. A 15-year planninjl horfaon was used, as i c 
encompasses all known major navi.gatioo proj ects a·nd l.s a forecasting period 
that could be es t ablished with reasonable certainty . The ~r ejected cotal 
volume to be dredged is 22,697,000 cy, a volume 35 percent higher than the 
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TABLE I.4- 1. MAJOR DREDGING AREAS 
IN TffE PHASE I AREA, CENTRAL :eUG ET SOUND 

Pha-se I Area 

Port Gardner 

Elliott Bay 

Commencement Bay 

Major Suba :reas 

Eas t Wat:erway 
Lower Snoh,,mish (bel ow I-5 bridge) 
Upper Snoh,omish (above I-5 bridge) 

Lower Jluwamish (below 1st Aven ue) 
Upper Ouwa,nisb (above 1st Avenue t o 

turning 'basin) 
Duwamish UJpper Turning Basin 
Lakes: Kemmore/Sammamish River 
Lakes : Lake Washington 
Lake·s : Lake Union 
Lakes : Lake Washing t on Canal 
Sinclair Inl et 
Eagle HarbQr 

Hylebos Watterway 
Blair Wa te;rws1y 
S1 tcum lfa t,irway 
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TABLE. I. 4- 2 PUGE.T SOUND DRi::DG!.C .!'J\TEJUAL H,'V ENTOR Y 
FOR THE PBASP. 1 AREA (SEATTLE, Ti\COMA, f.VERE1T) 

1970-19;5 

Total volume dredged 

'fatal volume d.isposed to 
open water 

Total volume disposed at: 

Total volu-me 
dredged (c . y. ) 

Total volume 
disposed to 
open water (c . y . ) 

'L'otal volume. 
disposed upland 

Port Gardner 
Elliott Bay 
Col!llllencement Bay 
Ot.her locations 

Corps of ~ngineers 

5,755,000 

2,167,000 

or near shore (c .y. ) 3,588, 00G 

16,650,00(1 c . y. 

6,758,000 c . y. 

692,000 c.y . 
4,598,000 c.y. 

782,000 c .y . 
686,000 c.y. 

Dredger 

Ports Others 

4,635,000 b,46&,000 

1,389,000 3 , 202,000 

3,246,000 3,258,000 

Disposal Methods for Corps of 
Enelneers Pro j ,ec ts 

1970- 1%0 

water 
Upland/nearshore 

Volume 

%1,000 
2,661,000 

Reference : Envirosphere (1986) . 

Percent: 

2& 
74 

1980 -1985 
Vo lw:m 

1,206,000 
927,000 

Percent 

So 
44 

1/l,ot all dr-edged material -was discharged at designated Dl;l, sites. 
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total dredged during t:he previous 15- year period. Of this total, approxi
mately 90 percent of projected dredgi.ng activities will occur in five areas : 
Duwamish River (32 percent), Snoh.omish River (20 ·percenc), East Wa terway in 
Port Gardner (17 percent), Blair Wa t:erway in Commencement Bay (13 percent), 
and Lake Washington ( 7 percent) ( table 1.4- 3) . A-:ppro:r.imately 3 .3 million c.y. 
for Pore Gardner vicinity is associated with the Nayy Homeport project. This 
project was included to present a total future dr•adging volume for comparison 
wich hiscorical statistics. As a decision has be,!!A made not t o use the PSDDA 
Port Gardner preferred site f or any of the Navy p1roject material, its volume 
has been excluded from 1:he Port: Gardner PSDDA sit,a impact analysis. Much of 
the futur e dredging will be done by the Corps for navigation channel mainten
ance, and most sueh projects have used unconfined, open-.,ater disposal sites 
in the recent past. Permit applications also ind:icate tha t there wi ll be a 
continuing demand for open~ater disposal sites for other navigation proj
ects. Without che avai l ability of the open--wa t,er ,;ites, some of t hese p roj
ects may not be economically feasible. 
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TP...llLE I.4-3. 15- YEAR PROJECTIONS (1985- :!000) OF TOTAL DREDGING 
VOLUMES ( C. Y.) BY SPECIFIC DREDGING A!REAS WITHIN eHASE I 

Phase I Area 

Port Gardner 

Elliott Bay 

Commencement Bay 

Dredging Area 
(Subarea) 

Eas t Waterway 
Lower Snohomish 
Upper Snohomish 
A1J. o t her a,reas 

Lower Du"amiah 

Total 

IJppar Duwami sh 
Duwamish Turning Basi11 
Lakes: Kenmore/Sam. R .. 
Lakes: Lake Washington 
Lakes: Lake Union 
Lakes: Lake- Wash. CanuJ. 
Sinclair I[llec 
Eagle Harbor 
All other areas 

Hylebos Wat erway 
lllai r Waterway 
Sitcom Waterway 
Other waterways 
All other areas 

'.focal 

Jrotal 

Grand ~1otal 

Proj.ected 
Volume 

( c. y . ) 

3,552,000 1/ 
2,321,000 -
2,175,000 

195,000 

8,243,QOO 

4,812,000 ~_/ 
2,021,000 

612,000 
114,000 

1,368,000 
5,000 

80,000 
200,000 
115,000 

1 ,198,000 

10,525,000 

216,000 
2,936,000 ]_/ 

56,000 
166,000, 
555,000 

3,929,000 

22,697,000 

Reference: P!-ojections made by U.S. Army Corps of Engineers, Seatt le District:. 

1/Includes IJ.S. Navy Homep9rt project (3 . 3 l!lillilon c.y. ) 
2/ Includes Duwamish widening and deepening projE?ct . 
]/Includes Blair/Si te um navigation improvement vroject. 
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5. AL TERNA'l'.IVE APPROACHES TO DREDGED MATERIAL MA.NAGEMEN'.r 

Dredged- material may be managed to control potential environmental risks using 
a nlllilber of different approaches. Each approacb has advancages and linita
tions. RP\i'C considered a number of alceri:wtive approaches ,:o developing e,yal 
uation procedures for managing dredged material. These alternative a_pproacb('s 
differed in the degree of reli@ce on (1) dredged material evaluation, or (2) 
tecbnolog1cal control of dredging and disposal co minimize enviro'1l!lental risk, 

The five major ~lternative approaches considered by £PWG are descrjbed in sec
tions 5.1 through 5.5 and are summarized in table I .5- 1. The rationale £or 
the final cboice of appraach, which draws from several of the approaches des
cribed, is given in section 5.6, 

5.1 Technology-aased Approach. A dredged material management system cou.ld 
i;:ely exclusively on dredging aod disposal. i:echnoiogy to control 2nvirorunental 
risks. ThLs approach could involve disposing of· all sediments wicb a single 
design "best available technology" ( llAT), matching disposal tecilnology to 
major kinds of dredging areas, separa·ting the c hetwi.cals of concern fi,om the 
dredged material, destroying 1:be chemicals of concern in cbe dredged material , 
and 1:el ying upon monitorin& of effects and subseq,uent conc.rol tec1mo1ogies at 
the dispos·al site. 

1frcb.out extensive sediment testing, a technology-:based approach would have no 
provis·ions for determining whetbe,r biological or human health effects might 
occur, and considarable envirorunental han, could ,occur if the technologies 
were not suf£icienc to control release of chemica,l from sediment with hig)1 
chemical concentrations. Furthermore, this syste1n would be elCJ)ensive if 
costly technologies were used for sediments that did -not contain chemi cals of 
concern o,: com:ained conecentratiol)s where no adve·rse efJ;eccs woul d occur. 

5.2 Material Release Approach. 'l'he assumption ~nderlying the material 
release approach is t hat l1mi t i ng material releas,e will llinit the t ransfer of 
individual chemica1s to &be surrouncll.ng- environme·nt . Ch.e.micals may still be 
trans.ferred at a rate that is far from pro-portion,!ll co 1:he rate of sediment 
ti:ansfer . Chemica.ls typically adsorb to the fine-grained component of sedi
ments, and, because these sediments are easily 1:r,ausporte<l in water currents, 
.this i s the component most likely to be l ose duri:ng dredging and disposal 
opera1:ions. Relying on material release l;imi t.s m:lgl\t result in the transfer 
of pp.Icicular chemicals to the environment at una,cceptable levels, or may 
unnecessarily reg1,1la t e particle losses relai:ive t•o potential eff ects. This 
approach also does not provide for an evaluation of potential bi ological 
effects from the particular mix of chemicals lo ~oy given aad.imen t . Relying 
solely on the materilll release app,:oach would als,o be expensive and may not 
provide any additional protection. 
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APPROACH 

1. Technology based 

2. Material release 

3. Human health based 

4 . Reference site 

TABLE I. 5- 1. ALTERNATIVE APPROACHES 
FOR l1ANAGHIG DREDGED MATERIAL 

CONC&PTS 

Use single design/best available 
technology 

Ex·tract and/or destroy chemicals 
in sedim,!nt 

Monitor chi,micaLs at site 
Classify Sl!diment 

Performanc•! standards to limit 
sediment release 

Use silt curtains 
Avoid disposal in areas of high 

current j:_low 
Avoid open·-water disposal of 

sediment!! wi tn large portion of 
fine mat,irial 

Analyze seclimenc for carcinogens 
Assess bioaccumulation 
U,:,e existing FDA regulations for 

food 

Hatch phys:lcal characteristics of 
dredge sllte with those of a 
referenc,~ site 

Do bulk ch,~mistry sediment 
comparisons 

5. Biological effects based Determine cm vironmental risks by 
testing Hffect of sediment on 
biological species 

Assess pot,~ntial effects by 
predicting from chemical analyses 
of sediment 
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The advantage of this app,:o.acb is tha t technology and ope r a t ing procedures can 
be used co minimize loss of dredged maceriaJ. and a ssocia t ed chemicals co t he 
surrounding environment. Limits could be placed od the maximum amount oi 
sediment allowed to be reJ.eased to the eoviroruaent during dredging and dis
posal, (i.e., "performance standards") and tnese limi t s could be met by 
employing appropriate t echnology ( e.g. , use of silt curtai n.$) and disposal 
pnocedures (e . g . , limiting d i s posal to certain dep ths and current condition s). 

5.3 Ruman Health Effects Approach . A sediment evaluation system could b·e 
based solely upon risks to human health associated with each of t he disposal 
options used. Su!!h a system could, for example, require the analysiI;l of sedi
ment s for potential chemical carcino.gens. The de ci sion regarding whlc.h dis
posal technol ogy would be appropriate for a given volume ol' sediment c,ould 
then be based on limits to chemical concentrations related to cancer risk (o r 
other health ris ks ). These l imits cot;ld be based on exist ing r egula tions 
regarding allowable concentrations of chemicals i :o food . The limits coUld be 
related to environmental measurements by analysis of chemical pathways into 
human food (e.g. , bottom fish caught in recreatio:nal or collllllercial fi sher
ies) . Studies might: focus on bioaccum11latioli, f o:r example , and chemicals in 
edJ.ble fish and shellfish could be monitored, 

The major disadvantage of this approach is t ha t i<t includes no pr<:>vision for 
protecting imporcan t speoies or bi ological commun:ities not ...-ela ted t:o b uman 
healt n risk through .food or o ther exposuve pa thwa ys . 

5 ,4 Reference Site Approach, A. comparison of material to be dredged wi th 
s ediments from a preselec:.ted reference s ite cao b,~ used to make r he clecision 
of whether o r not t o ·a l low dredged material co be dispo,ied of in unconfined, 
open-,ra cer sites. Management system·s based on reiierence sites typically rel y 
on bulk chemistry analyses to make these compari s •ms. The ma nagement of 
dredged sediments unde-r the existing Puget Sound .[nee.rim Criteria (PSIC) is 
basically a reference s ite appr oach (see pa r t Il, section l.3 .4) with the 
addi t ion of bioassay tesl:ing. Reference sites can be selected to match the 
physical charac teristics of the site co tie dredge1i (e . g . , with respect: co 
sediment grain size and total organic carbon), and ofte.n mus t be demonstrahly 
uninfluenced by pollution . One advantage of t his a pp:.oacb is the 1'elacive 
ease of regulatory administracion, in that there are .fewer decisions poiocs 
wnen compared to other approaches. 

The re.ference site a.Ppr oach may be approptlate wh,in adequa t e criteria f01: 
evaluating t he sediments to be d redged are not availabl e . One disadvantage of 
the reference site appr oach is that it may noc pr<>vide a Puge~ Sound- !'ide 
standartl for evaluating sediment, and determining the most appropriate r efer
ence sites may be difficu'.l t . Reference s11:es may ;,l s o represen·t protection 
scandards char a re unnecessarily protecti ve ( e.g., a pr:ii; t i ne site) or overly 
adverse (e.g., a l)Teviously cllntairu.ng chemicals uf concern site) . Howeve.r , 
the major disadvantage of reliance on the r efere.o,;e area approach is t he 
inabilit:y to consider the effects .Poteni:ial of c.h,imicals of concern. 

I - 31 



Januar y 1988 r ev. 

5 . 5 Biological Effects-Based Approach. Ihe choi,ce of rlisposai options could 
be keyed t o a biological evaluation of the sec!ime11t to be dredged. The poten
tial environm,mt al risks associa t ed with sediment can be eval11e1:ed either by 
directly determining its biological e.ffects on te13.t organisms, or hy 
charac t e1·izing the s,ecli.menr c.hemistry with i>espe<1t to l>iologital effects known 
co be associated with t h e concent-rations of cbem.i1~als present. OeclsioQs o'O. 
how t:o dispose of particula, sediments could then be made on the besls of 
select:ed cri t ical levels of adverse biological ef:fects that are the maximum 
acceptable for each disposal option. 

One ili£fioulty with t his approach is underst:andinj; the complexity of cause
effect r ela t ionships between sediment chemistry a,~d adverse biological e ffocts . 
Also, chis approach doe.s noc necessari ly 1.nclude , 1 me thod for e nsuring thac 
human health risks ere minimized, a1 t hough such a method could be incorporat ed. 

5. 6 Selected Ap ptoach, from the standpoint of p1rotecti.ng the environment, 
there are disadvantages and advantages with eacb ,,f t ne approaches reviewed 
above . AE a result, the proposed 1'SDDA evaluatioll pi:ocedure a.r e combination 
of the best features of each of t b.ese approaches . Disposal dec.iaions ,are 
based primarily 011 a biological effect·s. a pproach, usi.ag chemical and biologi
cal tests on the dredged ma terial. Hence, tbe selected approach oost closely 
implements the in tent: and letter of the Clean Watm, Act and related regula
tions, parti cularly Section 404 (b){l ) Guidelines 1:hat require avoidance pf 
.. unacceptabl e .. adverse. e££eccs . While these guid,!li nes are often relaced to 
biological effects (because of direct effects on b1ol,;,gica1 systems as Ghe 
result of dredged material disposal), they a,e equally itpplicable co avoidance 
of unacceptable adverse effects on ht111lan heal t:h. Given the diver sity of 
dredged material tY1?es, it may noc be feasible to define a si,ogle Best Avail
a ble Technology ( BAT) fo r dredged niacerial ma11age1nent. Therefore, t echnology 
should be applied as needed to avoid unacceptable adverse effects. 

The selected app r oaclt also incorpora t es elements Qf the reference sire 
approach. Ose o.f reference, sediments to inte.prel: bioassay tests is a neces 
saey limitation of the i n terpretation of bioassa;rresul ts. The known vari
ability i n tes t animal response when exposed co s!,di.men t s does ooc allow an 
"absolute" interpretation of test r esponses. RefHrence exposure responses 
must also be considered , Finall y, an ·assessment of c hemicals of collcern 
released during d.±sposal operations .is also locor porate;d in t o the select:ed 
approach. While not direc t l y Unked to onsice e.f!:eccs, t his assessment does 
provide some c onslder.ation of t he po t <cntia.l e:q,osure of animals off sice. 
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6 . ASSUMP'rlONS 

}Jajor assumptions made in developing the evaluati.on procedures for dredged 
material are identified i n this section. These ,.,ssumptions include : 

o The majo,:, pathways by which chemical..s of concern. move, and effect:s are 
transmitted, cai;, be identified. 

o Confined disposal sites can be located an.d made available as needed, 
such tbat disposal decisions can be baaed. primai:Uy on a biological 
ei,'fects approach tbat avoids uoacceptable adverse effects at uncon
fined, open-water sites, 

o Technology is· available to minimize effects of, and to appropriately 
manage, sediments with unacaeptable chemical con-ccacrations in all 
disposal environments. 

o Nixing, dilution, and dispersion of chemical concentrations ·are not 
relied upon in defining d.redged materia.l raanagement units . 

To desc.ribe dr edg~d material sampling and analysis requirements, EPIIG defined 
the aoncept of a dredged material "management unit." The management unit is 
the mini.mum volume of material_ on which a decision can be made re,ga.rding 
acceptability for unconfined or conventional disposal (see section ll-3 for 
further e..'C]llanation). As an artifact: of S<'mpl.illg and compositing of samvles 
prior co analysis, mixing of sediments with differing chemical. concentrations 
wi thin a management unit is an acceptable practice. 1ilxing of a unit of 
unacceptable sediment with an acceptable unit, in order to render the former 
acceptable by di lu tion, is no t an acceptable practice. 
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PART II. UNCONFINED, OPEN-WA'.r.BR DlSFOSAL 

1. EXISTlNG DISPOSAL GUIDELINES 

l. 1 Baclcg,:ound, The body or l a'1 regulating the. cllsposal of drectged materi<>l 
lias its roots in t:he Rivers a nd Harbors Acr of 18~19 chat r eq,ui-ced a U.S. army 
Corps of Engineers ( (,orps) permit for a ny discha r,,e to navigable wa ters . The 
purpose of this act was primarily to r estrict the •dumping of refuse , a prac
tice t:hat was innibit ing oavigacion in some east c:oas1: harbor s . 

In 1967, the Departments of the Army and Interior signed a Memorand um of 
linderstancung establishing a review procedure for prop,,sed dred,ging i>r cljects . 
This memorandum required Federal and State agenc1E!'! to consider pc,llution ln 
both dredging and disposal operations . In 1970, cche Water Quali ty Office o f 
che newly established U.S. Environmental Pr ocectic,n Agency (EPA) adopted cri
te r ia for de,t ermlnlng t:he accepcablili t y of dredge,d ma terial for disposa1 ia 
the Na t ion' s waters. The c riteria, based on fresl:lwater sediment concentra 
tions in t h e Great Lakes, includ ed maximlll!l concen t,r a Lions of ch1:ee metals 
(mercury, lead , aqd zinc), oil and grease, and se"eral chemical ( conventionaJJ 
variables (volacile solids, chemical oxygen d,ema no! , and total Kjeldabl n.!, t ro
gen) . 

The Federal Wa t er Pollution Control Acc. amendment8 chat were passed in 1972 
gav<?. rise to the Sect ion 404 permit prugram, as 1.mll as launcn ea a renet1ed EPA 
water quality cri t eria !!ffurc. However, it was 3 years before Narional guid
ance documents on wa ter quality cricetia and Sectj_on 404. i,ere promulga1:ed . 
Also in 1972 , Longress pass ed t he ~larioe Protecticm , Research, and Sanc.,t uar1.es 
Ace, known as the Ocean Dumping Act . 

f,fuch oJ: t lte current know.I.edge concerning t:he. impac:cs of dredse<l mate.rial dis
posal i n open water is derived from a series of studies conducted by th<> Corps 
or Engiuee,:-s Water ways Ex2erimenc Sta t ion (WES} . Since 1970 , wl,eo the Dredged 
Material Research Program (DMRP) (Saucier et al., 1980) was authorized under 
tn1: R.ivers and liarbor Act, several research and -applied progra,os have been 
tns 'ti tuted by WES . These include t he DMRP, the Long- Term Effects of Dredging 
Opera tions Prog1:am ( LEDO) , and t he Fiel d Veri.ficat:ion Program ( FVP) . 'rogetl,er 
these programs have addressed a wide array of , opj_~s concerning the dredging 
alnd dis posal of dredged materia l including cue efl'e<:ts of dredging operations 
on wa ter column and ben thic environments, description of dredged material. 
behavior during a nd fol lowing disposal, design and operat i on of confined d~s
posal sltes, and field investigations of the ef:fect s of disposal Oper ations . 
This worlt has also addressed beneficial uses of <il:ecigecI ma ter iaJ., including 
use of dredged macerial for habitat development . Subsequent.ly➔ many of the 
contlus1ons from the researcb prcgr,am have been i ncorpoi:oated into national 
regulations and procedures. I o addition to the 1rnr'k de~eloped under the 
<11. r ectioo 
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of WES, Olhe t souctces 0£ iniorm,.tiou on rbe i mpacLs of dredgeo mate.rial dis
posal are available _fr om che open literai:ure. I n.formaHon on dredging can be 
found in symposium proceedin6s s uch as the lntern,frtional ·Ocean Disposal Sympo
sium, Symposium on Coastal and Ocean Managemem:, ,and Dredging and Dredged 
Material Disposal 'Symposium (spon~ore·d by Americai~ Society or CivU Engi 
neers ) . In addition, major d-redgi~ sc-udies have been undern1ken in ,:he 
Nort:bwesc aud Puget Souno region whie h have provi1Jed a f urther understanding 
of dr edging and dredged material disposal in chis area . The studies iacluded 
t he Anac:ortes Dredging Study (1970) , .Northwest Drl?dging !:.ffects Stud y (J.974J ., 
the Budd lnlec, Olympia Study (1975), Gbe Grays H,nbor Dredging Effects Study 
U97b- 1977), a nd the Du,.,amisb River Sedi ment St ud?/ ( 1976-1980). 

in 1977, t he Corp.s and EPA joi ntJ.y published a gu:l danc:e manual (known a s t he 
"green book'' ) on. in,plementation of Se'c,tioo 103 of the Ocean DumJ;)in& Act . lt 
includes fairly detailed guidelines and regoi reme,1ts fQr c,ond ucting tescing on 
uredged material headed ror d isposal in ocean wa tors . Iesting procedures are 
d e scribed for llqufd, suspended, and solid phases of the dredged material. 
5iologtcal testin;; and SLaci'scically significant 11ffects relative t'.o reference 
wa& t he basis for ass essing the accep tability of 1:he dredged material for 
oceiln clisposa.J. . A basis f<>r exclus.ion from tes cing is also provided. 

ln 1Y76, the Corps published an incerim guidance nianual for implementing the 
ev«.l.Ualiun aoo testing re.quired by Section 404 of the Clean lla tecr Act CCWA, 
previous l y known as t:he Federal \facer Pollution Control Act of 1972, Public 
La\/ 92-500) (U . S. Corps of Engineers 1 976) . 'l"ho11gh the interim guidance man
ual was widely available, the UBual a pproach in S,iction 404 111arioe_ waters has 
been to adapt antl use che Corps/J::PA ocean disposa l. aranaal ( the green took). 
Many disrricts adoptei! or promulga t ed regional in1:er im guidelines, 0£1:en 
juicitly witl, EPA. 

Present day regu1acion of dredged ma terial is base,d on the CWA that estab
lishes a permi1: process (Section 404) for dredged mat""r:La.1 disposal. Section 
401 0£ the CWA provides for State water quality ce,rtification of disch;,u,ges to 
navigable wacers, including dredged material dispc,sal. Thus, the CWA i s the 
primary Federal and Stace_ auchod t y fox r egulacioo, of dredging a c tivities. 
Dther Feder al laws chac a£fect dredged materi <Ll di.sposal are, 

o Na tion,u. Envi ronment,il Pol iey Act (NEPA) -· r equires the prepa ration 0£ 
an Envi ronmencal Im_pacc Sea cement (EIS j fc,r Federal ac c;ivities ( "major 
Federal acclons" ) judgea t o cause sig,ni.fi.c.ant adverse envi r onmental 
effects, and es tablis hes pr ocedures fo-r environmental r ev;l.ew by rele
vanr agenclea . 

o Coastal Zone Ma nagement A.at lCZl-'-l\) - escab,lisiles mec hanisms for states 
to develop flanagement Programs for land us,es ln che coastal _zone 
\ inclucu.ng, £or example, dredged material disposal s ites). 
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o Fi-sh and Wildlife Coo,diuacion Act, MJ.g,;a1sory Har iae Game /Fish Ac t , 
and fish and wildlife Act o r 19~6 - requl:ce ti.tat agencies ,notlitying a 
body of wat er (e . g ., dredged material dd.sJ?o1ial) cons ult with t he U. S, 
Fish and liildlife Ser vice, the National M,lrine Fisl\erles Se,;vice, and 
Sta t e_ de pari1nents of fisheries and game ( whee-re appropriate) . 

o Marl.ne Procecciou, R.eaearC?h, a od Sanctua r .Les Act of l ~72 ( ~il'RS-A or 
"Ocean Dumping Act") - Se ts criteria for <evalua t ing permit applica
eious and managing disposal sites . Only ;,pplicabl e to open ocean ce r
r i t orial- waters, thus excluci.;lng Puget Sou11d. 

In the Sta t e o.r Washington, t he following l a',/s sei=ve t o f urt ner regulace 
dredged material disposal: 

o I/acer Pollution Cont:rol .!\c t ( RLW 90.48) - The St ate 1/PCA es teblfshes 
t he policies , authori ties, management, ami enforcement wa te.r quality 
programs f o r the State . the RClil provides for t be cuntr ol of dis
cba r ges, including sediment , and gran t s a11choricy to promulgete rulea 
and regulations for s u bstances discha r ged t o Sca1:e wacers. 

o St-a te Envir o nmental Policy Act ( SEPA) - r ,?guir es t he prepa,:atioa of an 
ElS for all pr ojects s uspected co cause a signi f icant adverse environ
mental impact, and establishes procedures f o,; environmental. review 

o Shoreline Managemant lu!t (S~.:A) - provides for the prepara.tion 0£ 
Shore_Une Master Prog-rams by counties and cities fo r regulation of 
land uses in the coastal zone 

o Uange r ous Waste Rtgulati:ou,; of che St a t e i,f Waahing con are designed to 
protect the publi.c -from dangers associate,i with t he gene-cacion, t:rans
porc, trea t ment, storage, and disposal of hazartlous wast es . ◊niy coo
caminated d redged material would be a£feclted by t bes e r egulations, an d 
only if i t ls c lassilied e.i cher as "Dangeiro11s Waate" or "Extreme.!:, 
Dangerous Waste." 

o Hydraulic Project Apppr ovals (H.PA) by cne Washington Deparrmenrs of 
Fisue-ries and Wil dlife a r e c onsidered by 1:he S ta te to be a major regu
latory coo.L £or dredging operat:ions; HPA. are -required for all 
non-.Fede.ral dredging [ t he Feder a l agencies (by poUcy) accepL che 
a pplicable cond ition.; of the HPA ell.rough 1the Section 401 cert:l.f.icalion 
process ) . 

li"ederal .gui delines for establislung disposal s;ite.,s, and re.viewing disposal 
pe rmits are c_oncaine d in the Code of Federa l Regu.l ations (CFR), and S tate 
guidelines are <!oncainea in th e. Washington Admini,scrative Code (WAC ) . Ot her 
guidelines a lso exist at l ac.al levels of governme,nt ( i.e., c_ounties and 
cities). The rE;JDainder of chis section describes guidelines fu r dredged ma te
rial dis-posal and t he site select1'>n/ permi .tt-:lng p·cocess ia. Puget Sound . 
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J..2 Federal Guidelines Governing Dredged ~,ateria l f,isposal in l,a ter. Feden,l 
guidelines for specifying disposal sites and Le sting d'Cedged or fill material 
arn in 40 CFR 23() ( lJ.S . Environmenta l Protection ,~gency l985a ) . These guide
lines provide guidance for evaluat i ng and testing t he impac t of d ischarges of 
dredged or fill material . 

1 . 2 . l Subpar t A General lnrormation. The guidelloes are applicable to the 
regulatory and civil works programs of the Corps, approved programs of states , 
and Federal construction projects chat meet the s 1pec1fi ed cri t e r ia. The 
guidelines apply to all waters of the United Stat,as . General permi ts may be 
granted _tor a category of actiV:Lcies i£ the ac ti v:l t ies have similar ltnpacts 
and t heir separa t e and cumulative environmental 1inpacts are minimal . The 
guidelines descri'he an evaluation pr ocess for gen,~ral permits . 

1.2.2 Subpart B Criteria for Compliance wi t h Guid.elines, l here are fo ur 
cacegories of r estrictions on discharges. In suminary, no discharg~ of d r edged 
or fill material shall be permitted ti : 

1. There ia a "'practicable al-cez;native t o chi~ proposed d i scharge ." "'An 
a l ternative is prac ticable if it is avai l able aod capable of being 
done" after considering "cost, exiscing tl!ehnology, and logis-
tics ... . ·• The guidelines take i nto -accouni: alte_rnatives considered 
unde r a Coasral Zone Ma nagemen t :Program (LZ1'1P) , Section 208 progr;;un 
(areawide planning), or an ElS process under NEPA. 

2. After consJderation of dilution and di s pe Jcsion_, the aceion cuncribuces 
to a violation. of a State wat er quality s1:and.ard , t oxic effl ueni: 5t:;1r,

aare1, or toxic ef fluent prohibition; threncens- t he existence of an 
endangered species; or threatens a marine sanctuary. 

3 . 'l'he discharge will cause or contribute co s ignificant adverse e.ffeccs 
oo human healch, or 1rnuse or contribute t o significant degradation of 
the water-s of the U. S . t\dverse effects cons i de,;ed i nclude: 

o Human health or welfare by affecting pl ankton, fish, sl1ell.fisb, 
wildlife. 

o Life sca-ges of aqul!tic life and othe1: wildlife dependernt on 
aquatic ecosystems . 

o Loss u£ fiah and wil d l ife babicac or loss of t he capacity of a 
wetland . 

4 . AJJ. a ppr:oµ riace and practicable s t eps hav" not been t aken co minimize 
potential ruiverse effects to the aquatic u nvi ronmen.t. 

The guidelines aJ.so s-pecily the fol J.01,iog kinds of required effects• determina
t ions : 
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o Physic.al substrate determinations include considerat ion of pa r ticle 
size and shape, degree of compaction, elevation, and bottom contours. 

o Watei; circu.lacion , £luctuation, and saJ.in:ity determ:!na tions include 
consideration of downscream £lows and nor1oal fluct uation, water c.bem
ist:ry _, sal.inic.y J. color~ odo·r 1 ca see 1 dissQlved gas J t empera~ure .$ 
nutrients, and eut:cophicat .ion . 

o Suspended particulate/turbidity aetermin,ucioos include consideration 
of grain size, plume characteristics, and physical transport factors . 

o (;on tomina01: de t ermin.ations are required t i) describe if and 1101; the 
onsite contaminant regime will be modified. 

a Aquatic ecosystem and organJ·sm determioac:lous include consideration of 
bottom copograpl:iy, water or substrste che1nistry, outriencs, currents, 
circul.atlon, f l uocuacion , and salinity as t!iese JnaY affecL recololl.iza
tion7 or indigenous communities . 

o Proposed disposal s ite determinations inc:lude consideration of cur
rents, stratification, vessel speed and race of dischai:ge , types a nd 
amounts of dischar ged material, type of substrate, and o ther factors 
needed to detine the areal extent of the Hite. 

o Cumula tive effects determinations are required to describe if and how 
an aquatic ecosystem will be c hanged by the collective effect: o f a 
number of individual iuscharges of dredged material. 

o Secondary effects determination invol ves <;onsiderat:ion of effects on 
an aquf<tic ecosysce.m tha t are associateo with -. d ischarge of dredged 
materials, but do not r esul t £ rol!1 t he accual placemen!: of the dredged 
macerial. 

Compliance or noncompliance i s determined by comparing t he information com
piled during the effects determinations to die four ca tegories of rest rictions 
described above. 

1. 2 . 3 Subparcs C co F. These subparts consist p,riararily of descriptions of 
po t en t ial impac ts that s hould be considered in making the factual determina
tions and findings of compliance or noncompliance . Examples are given of 
·environment al impacts for d ischarge-related chang.as in! 

o subscrace1 

o particul ates/rurbidity, 
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o wacer characteristicsJ 

o cur r eut patterns and circulation, 

o normal water fluctuations, a nd 

o salinity gradients. 

January l988 rev. 

'l'ypes of im'j)acts a re described for che_ following l>iological resources and 
human uses : 

a Threatened and enda ngered species 

o Fish, crustaceans, molluscs, and other aquati c: o r ganisms ill tne food 
web 

o Other wildlife 

o Sane tuaries and refuges 

o Wetlands, includi ng mudfl ats and vegetated. shal l ows 

u Coral reefs 

o Rifl l e a nd pool co!lllllunicies 

o Municipal aod private water supplies 

o Recreational and commercial fi sheries 

o Wa t er- related recreation 

o EstheUcs 

o Nature preserves. 

1.2.4 Subpart G, Evaluation and Testing. This subpart provides gu~dance on 
the evaluation and testing of d r edged or fill material. The guidelines state 
that mat.erial shall be examined for t he potential presence of cnerni ca1 s of 
concern based on potential sources and routes of e hemic.al con.cencra tions from 
adjacent conta minated material; upland si t es; spills; industrial , mun icipal, 
or other point sources; or natural mineral d eposits , Testing is not neeessary 
if the materia l is determined i:o b e sufficient ly r ·emoved from sources of 
pollution to pr ovide "reasonable assuranee" that th·e material is not 
coo tainin& chemicals of concern. Disposal may be autbortzed even 1f che 
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material is believed to be con t aining chemicals oi: concern, or found t o be 
containing chemicals of con- cern if steps can be taken to r educe chemical 
concentrations t o accepi:able levels within the d i <;posal site a.ad pr.event 
uffsite liligra tion of chemicals of coucern. Testing is described for tl\e 
f ollowing variables: 

o Chemical-biological interactive effects - Evaluations may be required 
on a case- by- case basis by the Region.al. Aclminiscrator of El?.~ . Bioas
says may be indicated in lieu of e1rtensive, d temical ttS ting . 

o Water column effects - The permict1-ng authority (e . g., Corps, Seattle 
Dhnict, is tbe Section 404 perm.!tting a~1thority for d redged material 
disposal in Puget Sound) dete rminics whet constituents co analyze (elu
triat e t e st fo r sed i ment; leachate- test £c,r maceria1 origin.;,ting oo 
land) and may specify the need to perform bioassays. General guide
lines are given tor data evaluation. 

o Effects on benches - The permitting autho1•ity may require the use of 
bentlu.c bioass·ays, sediment chemical analyses, coail!Janity i,t ..-ucture 
( abundance, diversity, and distribution), and physical tests and eval
uations ( sieve tes cs, s e t t l eabill cy , compol c tiou, etc . } . 

1 . 2 .5 Subpart H, Actions to Minimi.ze Ad'terse Effe:cts . This subsection pro
vides guidelines _for perfor:m1-ng actions to minimiz;e ;iclverse effects. Ac tions 
are described concerning discharge location; actua.l d ischargl'- of the material; 
control of t he ma·tetial after d ischarge; methods c,r d ispersion; available 
technology; the effect o f actions on plant and antmal poplils tions, and huma11 
use; and other actions . 

1.2.6 Federal Guidelines for Permitting Discharge,s of Dr edged ~laterial. 
Guidelines for issu1-ng permits for di scharges of dlredgei:l or fill material ate 
specUied in _Farts 320 to 330 of Title 33 of t he Code of Federal Regula t ions, 
dated 1:3 November 1986 (Regulatory Program for the, Corps of Engineers 1961,). 
lo Puget Sound, all dredged material disc.barge permits (also known a s 404 pe r
mits) are. processed by the Corp~. Because Puget ~:ound waters are subject t o 
the ebb and £low of the tide , and used f or interstate and interna t ional com
merce, permit processing au t hority cannot be delegated t o t he Sta te of Wash
ington (U . &. Corps of Engi neers 1985b). A s1,1mmary 0£ the Corps na tioniµ dis 
posal guidelines is presen~ed i n exhibit C. 

Under Section 404(c) of tbe GWA, 40 CFR Part 231 (U . S. environmental Pro t ec
tiQu Agency 1985c) the Administrator of EPA can prohibit or withdr aw a permit
Upon de t ermination cha t t.he discharge would have Lmacceptable adverse effec t s 
on municipal wa t er supplies, sheJ.liish beds a ad ftshery a reas , wildlife, or 
recreational areas . EEA staff r<view 404 pe rmi ts during the commen t period 
after Public No tice. 
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Under Sect i on 401 of the CWA, a waler quality cerd.fication i.s necessary for 
any pr(!Ject that may cause the violation of a Stat;e water qW1licy standard. 
lhis certification is g-r-anted or denied by a State, authoricy or EPA (when more 
LI.Jan one state may be affected). Cbapter 173-201 bf. the Washington Adminis 
tnitive Code (WAC) details w;,cer quality standard,, for 1>raters of t he State. 
Cert.i£ication is primarily a scatt;,ment on "lhether o,::. not a discharge will meet 
Seate water quality standards and other applicable: State laws . cI:he WAC allows 
for dilution zones in or der co meet water quality standards . Other require
ments specified by the Federal guideJ.iues iuc.lude review of tbe application 
i: O.r : 

o consist!!ncy with rhe Stat:e Coastal Zone M.srnagement Ace, 

o consistency with the provisions oi the Nat:ional llistorical Prs,servcl
tion Act (NR'l'A), 

o coordination with ,any re.levant Federal nav-igatiou project, and 

o consistency with the £ ndangered Species Ac~ (ESA) . 

In general, district engineers muse dec ide on permits wlthin 60 days after 
receLpt of a complete appl icat.iou. However, thare are provisio.us. £or extend
ing th.is period sboula de.l ... ys occur due to leg-al ana tters, an extension of !!he 
comme.nt: period, time constraint:s of gathering impe,rtant information, or proce
dural. requi rements of certain laws (e .g . • CWA, CZ~~, N~1'A, £SA , MPRSA). 

1.3 Deeision ~asis for Puget Sound . 

l. 3 . 1 H:tst:o.rical Disposal Guide.lines for Puget So,und . The ar,p-r,oach co 
dredged material assessment in t he _Fbgec Sound reg,ioo bas changed substa;,
tial.ly since the 1970 ' s. 1n 1970, the \facer Quality Df£ice of the newly 
escaolisbea EPA adop t ed criteria for d e termining the acceptability of dredged 
material £or disposal .in the Nacion ' s ,aaters. Commooiy lcno,;n .is the "Jensen 
criteria, " che criteria, based on fresb11ater sediment conceocrations in the 
Great Lakes, included ma~·imum concentrations of three metals (mercury, lead, 
and. zinc), oil and ~ease, and several chemical va:tiables ( volatile solids , 
chemical oxygen demand, and coral Kjeldahl nitroge n). In L971, Resion X of 
EPA putrlished its "blue book," describing t:he effe,c:ts o-f dredging and d redged 
mat:erial disposal in t be Pacific Northwest . The blue book cec:ognized cbe bulk 
criteria esc:.abilshed by the EPA 1<atezr Quality Offi,ce, noting that these deter
mined t:he acceptability of dredged material fo-r io,-water disposal.. The publi
cat1oo summariv.ed bulk chemisrry data and field effects i nforma t ion for many 
of the major dredging areas in Puget Sound and paY'ts of Dre.gcrn. 

Oneil the. mid-1970' s, the liiacer Quali t y Office bulk criteria plus in.formation 
compiled in t h.e 1971 blue book, ai\d result:s of 01:h.er sediment resting ofteo 
served as che sole. basis for decisionma king on a p,roject. for tltosa pr ojec.ts 
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wbere dredged ma t e ri,al was subjected to engineering cests for dredgeabili1:y 
(gradacioo, plasticity, solids, void cat!0), othe1: tests wer e also conducretl 
pursuant co requirements nf the_ Ee~ Water Qual.i ty Of iice. Cost of ;,nalysis 
was a key factor in deciding whet:ber t:o require additiooal testing. This 
emphasis res ulced in the getteration of substantial amounts of data by large 
-pro jects (es peciall y Federa1 projects) and s ubsequent appllta tion of the data 
inter precacioos t u small projects wheLe e~-:teuslve te5ting was not conducted. 
A variety of variables were investigated oo a casu- by-case basis depending on 
cite &ite and che inveatigatoi:. For example, chemical oxygen demand (CUD) was 
of t en compared to total or ganic carbon (TOC), and occasionally inorganic dis
S•Jlvetl oxygen demand (1000) and 1,i-ol ogical oxygen demand (BOD) in attempts ro 
£ind useful correlations oecween chemical coaceat:ratioos and biological 
effects. Other metals, and extracc-able oil and gt:ease ( through freon extrac
tion) were also frequentl y analyzed. 

With tile advent of th" Peden,l \later Pollution (,ontrol Ace Amendments ancl 
Harine l'r o t eccion, Research , and Sanctuaries Ac t ( Ociaan Dllmpiug Act) in J.972, 
ano guidance provided by Section 404(b) (1), decisJ.onmalung in Puget Sound 
shifted t o water quali r.y issues and focused on water column ef.fects usiog elu
criate as.sessment . The cost of analyzing addicional cliemicals io c.he elutr i 
ate required a "best professional judgment" consideratlon of which projects 
actually warranted bulk sediment re.sting. The pri.mary tools used for disposal 
de1J-isio.omaking in Puge t Sound during the mid- to J..ace 1970' s were the bulk 
conventional variables (e.g . , COD, •roe) , the elutt:iace: t e:~r for heavy metals 
(and sometimes specific organi1C-S), and several met:hods for determining when to 
EXc.lude materials from testing requir emento . Test:ing programs were developed 
to address a project- specific cpncern rac.he r t han to comprehensively charac
t~ri2e dredged material, and we.re still designed 1:0 asse~s dredged material 
relative co water qual ity criteria. For exampl e, when a chemical was analyzed 
in t he elucriate, it was typically not. analyzed :ln the bulk, sedimeni:s . 

In 1976, cbe Cor ps pu:blished an interim guidance 01anual for implementing the 
evnluat:ion and testing required by- Section 404 under the auspices of the DMRP 
program. Ia 1977, the Corps and EPA j ointly publlshed .a guidance ma nual ( che 
"green book") on i:mplementl.ng SecLion 1 03 of the Ocean Dumping Act, which pro
vided detailed g_uldell.nes and re.quirement:s for Ce!; ting dredged material as 
well as a basis fo~ excluding dredged ma t erial frC1m cesting . Tbe green book 
described bioassay res t ing procedures for liquid , suspended, and solid phases 
ot Ll,e dredged material. 1'h0ugh the 404 inte,im guidance manual. was avail
ab.Le, the usual appr oadt taken in mana.ging dredged mate r ial disposal into Sec
i:ian 404 marine >,a ters was to ad.ape and use che c,,rps/EPA gre_en book. The 
cost: associated with implemeo~ing s uch compr eheosllve testing programs was sub
scancial and d.iliicult to jusi:Uy based on tne l arge cost of " t est develop
me.n t " ty pic,illy needed at the ciJlle. By i979, the Corps' Sea t r.le Distric t had 
begun tmplement:i.ng testing protocols £or p l anning of large nav1ga c.ion projects 
consistent with these publications; al t hough th.is was not the case for Lorps 
maintenance dredging. For most permit applicants and small Lorps projects, 
bioassay testing was IJ-Ot: r equired. 
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~!a,,y of tbe water quality "criteria" in 1:his period wece noc numerical stan
dards, but required professional interpretation o:f water columo bioassay 
results . During t:his time, the Corps spoI!<lored t ,i'le Washington Departmen~ of 
fl sheriee in conducting oyster larvae bioassays, '•il ter analyses, and 1 imited 
buJ.k sediment analyses. These e.lutriace tes1:s and bioassay studies were used 
to help identify areas where the dredged material appeared to present chemical 
concerns, however, the studies' emphs1sis on dissolved chemical analyses as 
opposed to bulk sediment analyses obscured a1ty definitive c.orreiations between 
sediment chemicals and biological effects. Addit:Lonally, ch.e provision £or 
mixing zones in the Section 404 evaluation proces,s made it possible to meet 
EPA wacer qualit:y criteria, larval response stand,;rds, and the cypically more 
stringent water qlialicy criteria recommended by the Ameri can F.J:sheries Soci
ety, ill all buc: a few cas.es because of tai>id d!lu•c:ion in tne water col umn . 
Generally,, fieJ.d measurements of tmpacts to water column orsanisms resulting 
£rum di-edged mat,erial di.spos:;.l did not 1ndicate s13 r iow, water quality problems. 

Based on consistent eJ.utriat:e results ·c_hat indica1ted low concern f or most 
areas, e..~clusions from testing were common in Pugt:t Sound. In 1978 , s ta££ 
from EPA Region X and the Corps Seattle Di strict roet co i .nformally review t he 
Section 404 testing [>rocess . The results of thosH meetings "ere t o develop a 
testing program in which significant responses at a f1tst level of eval uat ion 
would trigger farthe-r dee.ailed analysis. r':rrst llOv.el testi ng included elutri~ 
ate testing. This cest:.ing scheme was applied to 1;evera.l large naviga1:ton 
improvement proJects throughouc the sound as desc1:ibed followitig. The results 
of the t esting progrnm indicated tbat the dredged mate.rial was accepcable £or 
ill-water disposaJ. and further analyses were uoc t i: iggeteed . Five a reas ;.ar 
rantiog detailed testing were iden tified: Bel lingham Bay, Ease: Waterway 0£ 
Everett H.irhor, Duwamish River, Commeacemenr Bay, and Grays Harbor. 

The Listrict 's Navig,;tion Improvements s t udy for Orays Harbor· (Widening and 
[;eepeuing} involved a s.uba tantial vol ume of dredgE!d material, some of which 
was -ca~geced for ocean disposal (Section 103) . Be,cause Qf the chemical con
cerns and c.he resting requ1remen t s of Section 103, a det:-a iled biological c;est
ing program was developed in 1979. l'he program was based on application of 
che green bopk and included wacer column and benthic bioassays. the design of 
this tes ting program s parked se_r ious discu.ssion oJ' a number of iss ues regard
ing dredging and d isposal pr ac t ices, .and decisioomak.ing in Puget Sound. 

Doring the Grays Harbor projec t s, attempt s were m,ide to starldardize biological 
test:ing methods and their use for all Seattle Distcricr projects, Because of 
wor k done through che DMRP program of 1:he Corps ol: .Engineers (Saucier !E_ !l•, 
.191!0) includ i ng national experiences with water column testing, t here was an 
attempt to shilt testing emphas i s away £,om wac.e-c quality concerns and towa1:d 
sediment chelllical concentrations. Hol.'e ver, s ubst.mtial cos ts to develop 
mu.ltispecies bioassays and the debates. ove.r methods and data in t erp retation , 
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ais well as the then-current interpre·tatlon of spe,~ific requirements of Section 
103, hampered this attempt. Only eJ.utriat.,s, inc:Luding weak ac1d elurriates, 
were chemicaJ.l y analyzed. Using the concept of " 1:ier!ng," the program was 
designed so that significant adverse r esponses would nigger f urther de tailed 
analyses. The Tes.ults of cbe testing program ind;lcaced 1:hat the <lre.dged 
marerial was acceprable for in- wate.r d.isposal and additional analyses were noL 
required . 

,".lso during development of the Grays Harbor biological testing program., the 
issue of sediment chemical concentrations heterog,;neicy surfaced . Because the 
p ro ject would involve deep cuts by the dredge, a clecisioo was- made to use a 
mechs:nical coring device for assessing sed.imen·t cbemic:al profiles. ITI addi
tion, because of the koowu horizontal diversity of tne sediments t:hroughout 
the navigation channeJ., i t was decided to make separate decisions on different 
reaches of the area to be dredged . This was the J;irst time in Se.at·t le Dis
trict that decision.making was co be made on a smaJ.ler geographical scale than 
proJectwide, 

In 1980, the biological testing program developed for Grays Ha rbor was adapted 
to another District Navigation Improvements projec:t : lllair and Sitcum Water
ways in Commencement Bay. Once again, b·ecause of high costs for multispecies 
testing and tbe then-:current interpretation of Sec: t ion 404 test:.ing require
ment~, it we~ decided to pursue water quality and water column rest.ing, though 
some benthic bioassays We?'e eonductad. The pro~r.!lm 1ntluded 4 tieTed approach 
with increased testing triggered by adve r se bio1oj;ital responsecs . Because it 
i,as generally believed that Commencement Bay sedio1ents were "higb.ly contami
nated, " t:liere was a high expectation tbat additim,al testing 11ould be trig
gered. However, as in the Crays Harbor project, l:.be test results rlid not 
crigger additional testing . The focus on water column Ce.sting io Commencement 
llay drew criticism from some local researchers because of increasing evidence 
that chemical effects were associated with t he sediment and not the wate r 
column. 

Ongoing t·esearch in Commencement Jlay by EPA and ctle National Oceanic and 
Atmospheric Adm.inisnatioo using a bulk sediment hfoassays was demonstrating 
sign.1.f.icaot toxiciries. Amphipods eicposed to mari:ne sediments from Commence
menc Bay ev'ldenced substantial acute toxicity. Jl(>ttomfisb s .tudles (Malina, e.t 
Ill. , 1980) in <.:ommencement Jlay and elsewhere in P,,get Soun<l also indicated a 
relai:ioaship between adverse biological effects and concencrat-ions of chemi
cals in marine sediments. Researqh programs that sampled t he Puge.c Sou~.d 
open-water dredged material disposal sites- (part:icularly the Fou·rmile Rocle 
sice) found elevated chemical concentrations .. For these t'easons, it became 
obvious that reliance on water column tests was incomplete as a basis for 
decisionmaking. 

ll-ll 



Historical Disposal Guide.1.ioes 
f or Puget Sound (con . ) 

January 1988 r ev. 

Studies were being conducted almost concurrently with the lUair-Sitc.uJn studies 
at a Navigatioa Iulprovements project 1n the Duwamish River at Seattle. Sedi
ment c:.hemicals of concern were known to exist in the project area. The Grays 
Harbor testing program was applied to Ouwamish Ri ver sediments revealing that 
chemicals found in bulk sediment samples was not ,evi dent in the elutriace. 
Thls consistent discrepancy in resu.lts between elutriate testing and bulk sed
iment tesl:ing, combined with reports from other r,gsearchers that documented 
adverse. bi•ol ogical e££ec t s through sediment bioas,says, raised concern with 
Seattle Districl: planners, As a resul t, benthic 'bioassa,ys were deemed neces
sary. Because of budgetary considerations, these t ests were scheduled for the 
next: planning stage of the. Duwe.misn project , 

Based primarily on r esul ts of the District's stud,ies and the work of NOAA and 
other researchers in Puget Sound, increased empha,sis was placed on t-esting 
programs that addressed both water column effects and pot:ential effects of 
dredged mace rial disposal on bottom- dwelling ot'gan.isms . Wac er q ua.Li ty c.i;ite
ria, bowever, were not en ti rely abandoned, Initiated in l.981 and completed in 
1983, t he Stace of Washing-ton develo ped guidelioe,a for Section 1,01 (water 
quality) certificatioo of dr edging projects. The:se gnidel illeS provided test
ing exclusions for coar se material rl t h low orga,dc contellt and deta.i.ied test
ing requirements for all other sediments to be dn,dged. The guidelines 
included r equirements Eor analyzing several h eavy metal~ in the elutriate, a11.d 
added PCB ' s and sulfi des co be routinely analyzed in the bulk fraction. All 
of the inter pretive s tandards, however, were for •the dissolved phase, using 
£PA water quality criteri a. 

Accordingly, decisl,ona, <ibQµt whether to use bulk ,inalyses or water col umn 
testing, what variables to analyze for, l'hether t<J collect sediment us i ng a 
core or a grab, ,;tiether to exclude a project enti1~ely or 1n part _from testing-, 
a nd ( 01osr:. importantly) whether co accept or rejec't a specific material for 
uncon£ined, open-water di sposal, varied significantly from case- to-case in the 
late 1970's and early l980 ' s, Consistency in teS't ing req uirements and in 
decislonmaki ng depended primarily on the ,;1ge.ncy ,,~viewers assigned to individ
ual proj"ect s. llecause of the ongoing dredging_ pr tJgLa:m m~ag:ed b,Y the Cori,s 
Seattle Dis t rict, a grea t er degree of collsistency in testing and · evaluation of 
dl:edged material was achieved for Federal navigation projec-ts than for 
individual permit: acdons, As reviews became cen't ralized in El'A and Ecology 
during the 1980 ' s, and as Corps r·esearch and pro,j,~ct data aidea in understand
ing sedimen t problems, consistency improved ov~ra:Ll . 

L.3 . 2 Pourmi,le Rock Interim Criteria . During th,e mid-1.980 1 s, the ci,t:y of 
Sea ttle was asked by UNR to issue a shoreline permit fo, continued use of tb.e 
Fourmi l e Rock uncon£1ned, open.4-lai:e.r disposal sit:•"-· .Ia response to the 
increasing concerns about potential environmental and ~uman heal~h impacts 
associa t ed wich opea4-later disposal. of uncon:fined dredged material, EPA and 
Ecology , at the request 0£ the City of Seaule and DNR, formulated disposal 
i,riteria £or. the FouTmile Rock uncon.fioed, apen-w.ater disposal site in Elliott 
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Bay. The Fourmile Roel< Interilll Criteria ()!'RIC) a::-e based cm re£e.rence 
conditions found 1;1t or near t he site ( a "nondegradacion" policy), not a 

determinat.ion of what might constitute an adv~se envi.roo.mencal effect. 
Chemical criteria were based upon average ch~mic~l concencrations found at the 
Fourmile Rock site (i.e. , a decision was made no t to permit further chemical 
degradation Of the site). Reference conditions for sed.imenc toxicity f rom 
statioDB near the disposal site were used co set t he biolo.gical criteria. 
Boch chemical and acute biological tests i,ere 1:eq·uired of all dredged material 
planned for disposal at the Fourmile Rock site. 'l'h.is management ;ipproach 
enabled dredging activities to continue and was protective of existing 
conditions at the site, =t.il more acceptable evaluation procedures could be 
developed through the PSDDA study. 

On June 29, J.984, clle Seattle. Department of Const;cuction and Land Use approved 
a shl)re.line permit (No. 8401530) to DNR for cooti:J~ued use of t he Foui:mile Rock 
open-water disposal site. The No1:ice of Decision for the permit i nclades 
special terms and conditions; an analysis of tile decision in terms o.f techni
cal background, the SMA, and SEPA; aud the. FRIC, Use of the Fourmile Rock 
site., which closed on June. 7, 1.987, was contingen1t upon EPA using nondegrada
tion c.riteria for assessing dredged materials proposed for disposal at the 
site. 

The FRIG (contained in the Notice of Decision) sp,:cifies a e>omparison process 
to be used co determine whether dredged material would be permitted at 
Fourmile Roi,lc. 

Po,: chemical variabl,es, the FRIC state: 

" L If any pollutant , or group of pollutants, listed in table IT.1-1 is 
found in concentrations greater t han 12S 1>e-rcent of the ambient con
centrations of chat pollutant a t the E'our,n.il.e Rook site (table II.1-l , 
column 2), in-water d.l.sposal will not ba allowed. 

2. If three or more pollutants listed ln tab:le il.1-1 are found in i,on
cencrations greatec than 110 percent of the ambient ao·ncentr;,.t;J.ons fo r 
those same. pollutants at the Four:mile Rocle site ( table II.J.-1 , column 
3}, in-water disposal will not be allowed .. 

3 . Of one or two pollutants listed in table .ll.1--1 are fo und in concen
trations withip 1;he range of -110 to 125 p,~rcent of the ambient concen
tra tioos for; thos·e same pollutan ts at the FourDtile. Rock site ( table 
II.1-1, colu11ms 3 and 2), in-water disposal will be allowed, provi ded 
that bioassay c riteria a re not exceeded. 

4. If all pollutants listed in ta ble II.1.-1 1ll'e found at concentrations 
of llO percent or less than the ambient c,Jocencrations for the same 
pollutants a t the Fo ur:mile Rock site. (table rr.1-1 , column 3 ), 
in-water disposal will be allowed pr.ovide,~ ehac bioassay criteria s re 
not e.J:ceeded . 
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5. If, in the best professional judgment of J,PA and Ecol ogy decisi onmak
ers, additional chemical data not l i sted :ln table lI. 1- 1 indicate 
unaccepti,ble sedlment chemical conce.ntratilons, io- water disposal will 
not be allowed ." 

For biological var iables, clie FRIG st.ace: 

•· 1. lf the mean amphipod survival for the fivn replicates rrom an indJ.vid
ual core or core section is significantly (P less than O .05) greater 
than or equal to lfi .O individuals (out. of 20), the mean survival at 
Clle sites near the Fourmile Rock site, 1n·-water disposal will be 
allowed provided that chemical criteria are .no t exceeded . 

2. I f t he mean amphipod survival for the five, repllcaces from an individ
ual core or core section is significantly (Pless than 0 . 05) less than 
16 . 0 individuals (out of 20) , the meaCL survival a t the sices near the 
Fourmile Rock site, i n-water disposal wilJ. not be allowed . 

3 . If the mean oyster larvae mortality /abnormality for che three repli 
cates from an individual core or core sect:ion is significantly (P less 
than 0 .05) less c:han or equal to the mean mortality/abnormality at. the 
sites near t he Fourmile Rock si t:e, in-wat<?r disposal !'ill be allowed, 
provided: ,hat chemical analyses criteria a1re n o t exceeded. (Note: 
Since the mor tality/abnormality level in t:he Fourmile Rock site sedi
ments is n"Dt well doc:umeo.ted, the oyster larvae tf!s t s are often not 
required). 

4. If the mean oyster larvae mortality /abnon1ality for t he three r epli
cates from a.Cl individual core or core sect.ion is significantly ( P Less 
than 0 . 05) greater than tbe mean mor ta1it.y/abnonality at the sit-,s 
near the Fourmile Rock site, in- water disposal will no t be allowed . " 

For cpoveutional variables, pnysical tescs and cbemical bulk tests are 
required f or grain size, tocaJ. solids, cotal volatile solids, total organic 
carbon, sulfides, and oil aod grease. The decisionmakl.ng process for evaJ.uat
i.og dredged material under t he'Se guidelines i s dep,icted in figure lI.l-1. .~s 
noted in t he figure, testing variable~ are fewer in areas of lower concern 
regarding ehemic•aJ. concentrations. EPA (1984) pr ovides detailed guidance ( in 
tile form of protocols and references for prot:ocols) .for conducting the requi
slce sampling and analysis, 
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'£ABLE 11.1-1. FOLRMlLE! ROCK C.HE.1!ICAL SED11-l1NT CRI1ERIA 

Peircenc of Fourmile Rock 
Fourmile Rock Ambient Concent ration 

Pollutant Concentration 12SJ. 110% 

Metals (ppm) 

Arsenic 15 19 16 . 5 
Cadmium 0.7 0.9 0,75 
Copper 92 115 100 
Lead 126 158 140 
Mercury 1.1 1.4 1.2 
Zinc 359 450 395 

Organics (ppb) 

PolychJ.orinated 
bipben}l'ls(a) 610 760 670 

High molecular weight 
polynuclear aromatic 
l1ydrocarbons(b) 11,200 

Low mol ecular weight 
14,000 12,300 

polyouclear aromatic 
hydrocarbons(c) 683 855 750 

ODT(d) 7 9 8 

(a) Summat ion of PCB 1016, 1232, 1242, 1248, 1254, 1260 . 

(b) Summation of dibenzo(a- b)anchracene, benzo(a)a,nthracene, benzo(a) pyrene , 
benzo(b)fluoranthene, benzo(k)fluorantbene, chryse:ne, fluorauchene, indeno(l-
2- 3-c-d)pyrene, pyrene, benzo(g- h-i)per ylene. 

(c) Summation of acenaphthene, naphthalene, acenaphthylene, anthracene, phen
anchrene , fluorene. 

(d) Summation of 4- 4 DDD, 4-4 DDE, and 4- 4 DDT. 

Reference: U.S. Enviroomental Protection Agency ( 1984) . 
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Figure II . 1-1. Decision flow chart fo r Founni le Rock interim dredged 
material disposal cri t eria. 
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1.3 . 3 Puget Sound 1nterim Criteria. A similar de:cisionmaking process and 
interim cri teria also devel oped for the rest of PL1gct: Sound i n much tbc same 
way as 1:hey were developed for Fou.rmiJ.e Rock, witb both bulk c hemical and bio
«ssay cescs r equired. However , the Puget Sound I c1terim Criteria (1:able 
11.1- 2) are based on t he premise that dredged mate,rial should not have higher 
clie_mica l levels 1:han central Pug e t Sound sedimencs,, and mus L not e xhibit a 
scatis t i cally significant increas e in toxic biolog;ical effects. ( Note : t he 
Puget Sound ln t erim Cri c:eria at:e essentially the s:ame as those p r omulgated in 
draft form in May, 1985 £or t he Por t Gardner "lnte,rim Crite r ia," in response 
t o a .shoreline permit c_ondition r equired b y the c:! ty of Everei:c for conti nued 
use of the Por t Gardner dredged ma t erial d isposal. si.ce. The_ Por t: Ga r d ner 
Int erim Criteria were released in final form by cb.e EPA i n Februa•ry , 1986 and 
adopted by the local jurisdict i on in J une 1987 . ) 

TABLE ll . J.- 2 . PUCE'I SOUND ( AND lPOR T GARDNER) 
INTERIM CHEMICAL SEDIMENT CIUTERIA 

Pollutan.t 

Meta.ls ( ppm) 
Arsenic 
Cadmium 
Co pper 
J..ead 
Mercury 
Zinc 

Organics (ppb) 
Polycl'JJ.o r in.a t ed bi phenyls (Pt-B) (a ) 
High mol ecular weigh t aromatic 

hydrocarbons(b) 
J..ow molecular weight a r omatic 

hydrocarbons(c ) 
DDT(d) 

Allowable 
Conc.e_nt:ratioo 

Level 

12.5 
0,7 

68 
33 

0 .15 
105 

380 

2,690 

680 
5.0 

(a) Summat ion of PCB l OH,, 1221, 1232, 1242, 1248, ! 254, 1260. 
( b) SUJDmation of dibenzo(a,n )antbracene, benzo(a)a nchracene , benzo( a)py r ene, 
benzo( b)fluoraothene , benzo(k)fJ.uoranthene , chr ysene, fluoran chene, 
indeno(l,2 ,3-c, d )-pyrene, pyrene, benzo(g,b,i)perylene . 
( c) Summation of acenaphthene, naphthalene, acenapbtbylene , anthrace.ne, phe.n
nnth rene, fluo re~e . 
(d) Summatio n of 4- 4 DDD , 4- t. DOE, a nd 4-4 DDT . 
Reference: U.S. Environmental Protection Agency ( 1986) 
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Al t hough not formally promulgated, t he Puget Sound l nteritn Criteria are used 
cn roughout Puget Sound, exeept i n Elliott Bay whe1,e che Pourn.ile Roek criteria 
are still in effect, although the disposal site closed i n June 1987. :Lo Port 
Gardner, the Port Gardner criteria are presently :ln e££eet. The chronology o f 
the inte,im criteria developed prior to PSDDA is ~•ummari:aed in t able II. l-3. 

TABLE ll.1- 3, CHRONOLOGY OF lNTERlM SEDIMENT CRITERIA 
DI:.Vl!LOPED PRIOR TO THE PSDDJ\ PROGRAM 

I nterim Criteria 

Fourmile Rock 
Pore Gard ner 

Puget Sound 

Area of 
Application 

Ellioi:t Bay 
Port Gardner 

Puget Soand(a) 
( exc ept Elliott Bay 

and Port Gardner) 

Date 

J uoe 13, 1984 
May 16, 198S ( draft ) 
February 1986 ( final) 

J uly 26, 19as 

ta) The Puget Sound I n t erim Criteria are nearly iclenties1l t o t he Pore Ga r dner 
Cri teria, but have not been formally promulga t ed. 

The Puget Sound Interim Criteria f or biological vatriables are : 

" 1, If 1:he mean amphipod survi val for the five, ,eplicaces £ rom an individ
ual core, core s·ection, or composite sample :is equal t o or greater 
than 16 .O individuals (ou t of 20), uoconfj.ned in-water disposal will 
be allowed provided t hat chemical er.i tericl are not exceeded. 

2. If the mean amphipod survival for rbe fiv~, replicates .from an individ
ual core, core section, or composite sample is eqUi!l i:o or less t hatl. 
10.0 i ndividuals (out of 20) , unconfined j_n-~ater disposal will not be 
allowed. 
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3. It the mean amphlpod survival for the £iv•~ replic:ates frolll an individ
ual core, core sec t:ioo, or composite saarp:Le is g,:eat:er than 10 , 0 indi 
viduals ( out oJl 20) and less ttian 1.&. 0 ( out of 20) , additional bioas 
say and/or bi oaccumulat:ion anal yses, as d,itermi ned on a casEc-bv-
case basi~ by EPA a:nd Ecology declsionmakc,rs, will be required.prlo r 
to granting or approval for unconfined in· ·wate,r ri.isposal (U. S. . Env i 
ronmental Protecci'on Agency 1985d)."' 

l.3 . 4 Re.lationsh.ip Between the 1980 Proposed Seci;ion 404 Testing Guidelines 
and PSDDA Dre.dged Ma·tetial Evaluation Procedures. The existing Section 
404{ b).(1) Guidelines were promulga1:ed as i nterim .Einal on 24 December 1980 . 
These pr;oyided 1:he initial starting point for PSDDA evaluatioTI procedures. 
'J'.be PSDDA impl ementation ~ pproach for the guideli!les was baseu oo the aquatic 
disposal portion ·of the dredged material management strategy (decision f-rame
wock) devel oped by !:he. Corps of Engineers Wate:cways Experiment" Statton ( WES) . 
The strategy of PSDDA was to adapt and supplement the decision framework to 
develop a regionally (i. e., Puget Sound) appropriate Fede ral program which 
also met State objectives . this is consistent wi1:h Corps policy guidance 
which states that the decision framework. ''should be used no s upplement t he 
review procedures and -requireme-nts outlined in tho, Section 404(b) (l ) Guide
lines." 

Review of the proposed 1980 testing package indicatted five major areas t hac 
EPWCI felt should be £u,:ther addressed. These area are sullimarized below, 

-1. The proposeu regu,l,;,,~ions emphasize i;he asseasmeot an d considcrration of 
potential water colllllln effects of dredging and dredged material dis
posal, e.g. , the use of elotriates for "sudiment assessmen1:, " require
ment for water column bioassays, reliance on miXing zones, and a 
slrong tie to "water quality standards" [,!30.60(b) ] . Although water 
column conceI'nS can be important under spe,cial circumstances, 1:el iaoc_e 
ou such rests as the primary decision tQQl. is not reflective of t he 
bod_y of da-i:a cbac i'Ildica t e dredging-rela t e,a effects to tbe wacer 
column are typically minimal. The PSDOA e,valuation l)rocedures oall 
f or water column ci,sting if warranted on •• case-b.y-i,ase basis; how
ever, the e mphasis of the program i s on s.,diment toxicity analysis . 

2. Tl>e proposed testing approach provides no details on how to conduct 
the he n thic bioaiisay 01: t be bloacc.umula tic,n test . For example, sam
p-11n& requirements, cest species, a'Ild e>:pc,sure periods are left to the 
per:mitcing authorities to deter:mine. The. nature of the "or ganic 
excracc·· to be used to conduct ch1c sedimec,t assessment of organic. con
t:aminants is not specified, although the ~:lnd Of exttact is a key fac 
tor in det ermining which chemical·s are "btoavailable" Csee additional 
discussion of organic vs. sal ine extr acts in section lI-6. 3 ) . 
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3. The proposed testing package uses the disposal_ site conditiun as a 
reference for potential effects of a dred~;ed materia.1 discharge, This 
procedure is allowable under 1:he proposed regu.Lations to distinguisit 
Section 404 "Category 2" from. "Category 4" material . Thts "nondegra
dation" approach is aJ.so reflected in the current Puget Sound interim 
criteria fur dredged material dis-pus-al. However , if che sed1.mencs at 
the disposal site .are already acutely toxi.c, chere are concerns that 
use of suc:h a reference approach_ may perpe,tuatEc a "known problem" by 
discnarging more of tne same material. 

4. The proposed cesting package requires (wit:h a 11ossible "out") che use 
of a bioaccumulation test:, with the interpretacion based on statisti
cally signtiicant biosccumulation in test tissues relative to refer
ence tissues. l'ne preseoce of cbemicals o,f concern in the test tis
sues is not c:onsidEcred by Jil'l'IG to be indlc.ative of potential biolog:i
c!tl effects to that: organism, or to the en.vironment. El'WG does con
sider bioaccum.ula tion as an important indi cacor for t he health of 
hU!nan seafood consumEcrs. 

5. 'Ihe proposed test i ng package provides no g,uidance on tes-t interpreta
tion , In response to signific.ant test results, the regulat:1ona pro
vide only tbat: the permitting authoti cy 1s to "assess the substantive 
e ffects of the containing chemicals of con.cern discharge in making cha 
f'acr11al determinations [required by the 4011(b)(l) Guidelines." Addi
tional guidance 1s considered necessary by EPWG to provide the needed 
consistent and objective test: interpretation. 

De.spice t ne issues outlined above, there are many similarities between the 
PSPDA procedures and cne 1980 testing proposals, However, in general, addl
t.!onal development was recommeoded before the prop,osed package could be 
applied co Puget Sound. EPWG members consider t he, Corps' management s·trategy, 
dec_isioamaking £ramewm·k (exhibit E.4) and disposa l guidelinEcS as subsequent 
refinements of the 198() approach, with many of t.he, technical i ssues more ful.ly 
addressed. 
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2. DECISION1-1AK1NG FOR UNCONFINED, OPEN-WATER ors:POSAL 

Oecisionmak:µ\g for lmcon:finetl, open-warer disl)osa.l must consider potent1a1 
rtla ;: ionships -among sedime.n t chemical cooceni:rati,ons, dredging and disposal 
processes, and possible biological eftiects . The major environmeotal irrocesses 
tha t require coosideration for unconfioed, open;m.tel: d isposal .are summarizad 
•~ the fo~l owing two sections. 

2. 1 Dredging and Dredged Material Disposa.l Proce:3ses. A number of pathways 
eouJ.d lead co release and possible loss of d redge1i material dur·ing dredging 
and disposal operations (figure ll.2-1). Fo~ unc.,nfined, open~water disposal, 
these potential losses include: 

o Dredging losses -- resuspension of ma ted.ill. at the. dredged slte occurs 
durin_g dredging because of dis t u rbance of the bottom sediments and 
l osses of material from tbe. dredging proc1?ss. 

o Trans-port: losses - leaking of material can occur from barg·es that 
transport dredged material to the disposal site, and releases u:f chem
icals to the atmosphere can occur by volatilization. 

o Wacer column and bottom impact l oss~ dnrLng disposal - whea_ rel eased 
h:om a barge, a small fraction of the dredged material may f-1oac to 
the surface of the watar (the sea-surface microlayer), exposing sensi
tive juvenile organisms that: are found ne,lr the su~face of the water 
column t o chemicals of concern. Water ooJ.Wlln shearing and stripping 
can also occur as the dredged material set:t.les to the disposal site, 
res~ltiog 1n a plume of material char may be transported away f TOm the 
disposal site by currents•. Impact of the ma t erial with the bottom can 
also .cause mace.rial resuspension_ and loss . 

o Losses from the disposal site -- a cumber of physical, chamical , and 
blol ogiaal processes acting at the dredger.I dis-posal 111ouod could result 
in losses of dredged material (d.isoussed to section 2 , 2) . 

Several. ot these pathways represe.nt minor losses c,f mater:ial. For example, 
little materi-al (1- 2 percen t ) is resuspended at the dredged site and poten
tially lost . .Becau11e the pathway is minor, tbe cboic:e of d redging optio·ns 
(e. g., mechanical or hydr au.lic dz:edgi ng ) for mate'!:1al that is acceptable for 
unconfined, open-water d isposa.l is oot expected tel have envLronmen t aJ. eonse
quencea. Tperefore the choice of a dredging optioCL will generally depend upon 
which option is the most cost- effective (or available) , 

Where concern -wartants (e .g., poor flushing, low i'lo-,s), mo11itoriog at the 
dredgi ng area may be needed co ensure tbar Srace water quality standards 
Ce . g., DO, turbidity ) are no t exceeded . Such a de,cision is made case-by-case, 
in accordance with current State requi rements. M.J.xi.ng zones are also est.ab
lished case- by- case. lnese procedures are approp,riat:e and adequata for t.he 
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dredging of material that is acceptable for unconfined, open-water disposal. 
llowever, the proposed Stat e guideline that discourages mixing zones from 
occupying t he upper and lower foot of the wa t er column is considered by EPWG 
as infeasible and not generally applicable to dzedging pr oj ects . 

ln general, all -water column pathways are expected to acco un t for only mi no.
losses of mat erial during dredging and disposal op,e ra t ious. Elutriate testing 
and bioassays fo.- potential water column effects are recommended by EPWG only 
as needed to determine p_otential effects resulting from disposal of material 
with higher chemical concentrations. Thus, tests for water column effect s 
will be required only as appropriat e on a case-by- ~ase basis. Of greater 
Importance than the water column are the many pathways a t or near the site 
bottom, by which chemicals can be dispersed during and after disposal. These 
pa thways are discussed in the following section . 
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Figure 11.2-1. Dredging and disposal processes. 
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Potential concerns for open-water discharge of d.r,edged matedal a: l s o include 
direct physical effects caused by the burial of b,;ttom- dwelli ng or ga·n isms a t 
tne open-water site and loss of habitat for organ:isms that feed on the erut:
i ng bottom. These concerns are addressed in t:he l~SS 'l'A and ,iere not consid
ered by EPliC, 

2. 2 l(ey Concalllinant Pathways. Key pa thways for ,the dispersal of chemicals at 
unconfined , open..,,at er disposal sites are shown i11 figure !I . 2- 2 . t hese path
ways concern the fate 0£ sediment deposited on th•a mound and f lanks 0£ the 
disposal site , and in a mobile layer of uncoosolidated " f luff" overlying the 
bottom s ediments ( i.e., the nepheloid l ayer; Curl, 1981; Jlates et al. 1984 ) . 
La teral transport of suspended macter i o this bot·tom nepheloidlayer ( net 
southward transport ·and extending up to 5 0 m from the bo ttom) in centcral Puget 
Sound has been estimated to be 1 ,000 tJ.mes as g11e,1t as t he verti ca l transpovt 
in t he water column (Curl l.981). Unconfiued, ope,1-..iare:r disposal sites a-re 
select ed i n part because of a low current regime !that favors deposition rather 
t.han dispersion. Hence , d i spersal of dredged ma t11rial in t;he nepbeloid layer 
is expected t o be an i mp9rcant pa thway only for a- shor t time during and after 
di.s posal. The long-term fa te of dredged :material at these sites ls prima rily 
contr olled by processes that affect: deposited sed:iment. 

Mechanisms of chemical release from deposi'ted sed:lmen t at unconfined,, 
open-water disposal sites include convection, tli f ;fosion, autl bio t urbation. 
Convecti on invol ves the transport of chemicals by water moving over and 
through the site. Diffusion i nvo l ves movement qi dissolved chemicals Within 
the sediments of the disposal site, a nd between the sediments anil t he overly
ing water. llio·turbation, or discurbance of the s•~diments by organisms, can 
move sedimen t chemicals around or off the site, and from deeper sediments i nto 
sur-face sediments. 

The basic problem posed by pa thwa ys s hown ln figuJCe ll. 2- 2 a re bi ologi cal 
e£fects or processes .at the site and the release i,f chemicals into t he envi
ronment I resul1:ing in subsequent biologicai effecl:s. For a given dredged 
material, some or all of the pathways indicated !11 .fi gure !I , 2-2 may be o f 
importance , because of sedimen 1: cha.rac teri sti es and chemical behavior in the 
disposal environment. Bowever , because most chem:icals of concern have a high 
affinity for particles, processes that primarily ,ufeet dissolved substances 
( e.g., diffusion) are less important: than those that also a ffect chemicals 
associated with particles (e_.g., convec~ion). 

,l.ccumularion of chemicals in the tissues of organ;lsms ( hioaccumulat:ten) leads 
co movement of t he chemical t hrough the f ood web. Toxic effects may still 
result from d t:-ect contact of organ.isms with the d redged material even when 
there is little physical or biologi aal t ransfer 01: chemicals of concern f rom 
the site. 
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Aquatic Disposal. Unconfined 
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Figure 11.2-2. Environmental pathwayis for unconfined open-water 
disposal. 
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2.3 Adaitional I ssues. 

2. 3.1 Paralytic Shellfish Poisoni.og (PSP) Cysts. The dinoflagellate 
(Gonyau.la.k c.at.enella) forms annual bl ooms in Puge1t Sound and produces torln-s 
t1lac can he accumulated in bivalve mol luscs (e . g . , clams, mussels, cockles , 
oysters , scallops) while feeding (Kozoloff 1983) . 'l'.hese accumulations can 
pose a danger co humans ·because of "paralytic she.llfish poisoning" (PSP) . 
Fin.fish, unlike shelllisb, are. alsc;, senlrltive to !these 1:oxin S" , Dui::ing intense 
blooms, f ish kills could result from transfer of 1:he t oxin through the food 
web . The dinofl.agellate reproduces f rom one blootn season to the nexc by f o,:m
ing res ting cyscs-, whic h are deposit ed in t.be sed:lment for overwintering. 
EPWG debated t he issue of d r edging resuspensioa a11d relocation of cysts 
result:i ng i n blooms . EPWG concluded that: r.he cyslts were not found in e,os t 
dredging areas in the Phase .I study area, and thai:. i nta :oduction of cbe cysts 
to areas in which. favorable bloO'm coodir:.ions mighlt ex.1st was un.like.ly. 

2.3. 2 State Dangerous Was t e 'Iest:Lng . EPWG concluded that: t he E>.-cracd.on Pro
cedure (EP) toxicit'y testing i s not: technically appropriate and should not be 
used for tes1:ing of material proposed. fa,: unconfined , open- water disposal 
si tes. This conclusion was based on EPA Regio n x ,, policy chat RCRA tes•cing 
( i.e., testing required by t he Resou!7ce Conservat:lon and Recovery Ace) would 
no t be req uire,d for open-water disposal of dredged mat erial, provi<ied chat 
test ing and disposal criteria esta b.Lished under the Clean Water Ac t Dredge and 
Fill Perml.c Program (Section 404) were foliowea 0'eigoer, K. , 14 August 1986 , 
personal communication). These testing procedureB, which include: an elutria t e 
test, bulk 5ed;l.@,;nt analyses, and/ or bioaasays, a i:e tbe t,asis foe BP.A evalua
tion of aquatic disposal. of dredged material . 

The 1-!ashingtoo Sta te dangerous waste book. ,:eview procedure r epresents values 
for sediments t hat would be clearly unacceptable J:oc u11c:onf:ined, open- wa t er 
disposal ( see section ll-'8) and which do nae ai>ply t o most cir.edged ma cerials. 
El'WG concluded that there was no need to conduct l: b.e corros.i,vity 6r ignitabil
l cy tests required in t:his procedure on dredged mi•t~r'ial., and t hat the reac
civit::y tests should only be considered when the co.ncent.ratioo of sulfide and 
cyanide in the dredged material becomes unusally high (a very rare circum
stance resulting in the need for measurement of the. r elease of sulfides and 
cyanides over a pB. range. of 2. 0 to 1 2 . 2 ) . l!P-WG a lso concluded that bioassay 
tests using marine species better address aquatic disposal. concerns t han 
optional bioassays in the book re.view procedures 1; using trout , rabbit, or rat 
speci,;s ) . 

Z .3 . .3 Sea-Surface l11crolayer. the sea-stirface m;lcrolayer (SSN) conslst.s of 
t he top 100 microns (0 . 004 in) of the sea surface, and contains increased num
bers of bac t eria, phytopl.aoltton, and animal eggs ,~nd larvae relative to s1.1b
surface waters. The SSM mair conc:ent ·rate a, number of chemicals from oat:ur,al 
and human. sources t )lat couJ.d adversely affect the:,e licfe forms. .In res ponse 
to public concerns about sea- surface mjcrolayer chemical concent rations 
der iv~ci from dredging and disposal activities, .PS!JDA sponsored two studies 
( see e.J>hibit E.10) : 
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o A litcracure seareb - to document known infermarion on atmospheric 
input_J urban runoff., sewage efflue.nt.i industrial point sonrce:-s , 
aq uatic disposal, and sediment disturbances as poss! ble sources of SSN 
cheruicals of' concern (Wo,ed ec al . 1986). 

o A mathematical modeling effort - to predict possible releases of chem
ieals from dredged material and theo retical flacf!sb egg survival in 
various eoneentra•t ions of part:ieular c:bemicals fall.nd in the 
sea-surface microlayer (Ha rdy~!!±· , 1986) . 

Neither study {nor more recent publications e.g., Hardy and 1/llrd, 1986, and 
Hardy, et al . , 1.987) provided direct oc conclusive evideni:,e about rhe relative 
contri butions of d redging and dis~osal t a Che sea-surface microl ayer, The 
foliowin~ items a r e s cill unknown: (l) the areal e'Xtent of chemical concen
cr.ac.ions ln the sea- surface !ll.icrolayer, (2) the percent of thl'! total fish pop
ulation tt1at is exposed co t.t,e sea- s urface microlayer, (3) t:he re.lactve 
importance of differ ant natural and h uman sources· to the sea-surface micro
layer (including t he f l aataol.e ftaction of dredged n1atel.'i,;l) , and (4) the 
nature a nd magnitude of any impacts of the chem.icals. 

A lack of evidence of sea- snrface microlayer chemical concem:rations derived 
ft-om dredg i ng -and dispos(ll do.es not mean that the sea-sur face microleyer is 
uot an importanc_ lssue for .EP\\1G. lltiwevel7J chc basic research required to 
establish the impact of dredging on che sea-surface miarolayer and the cons~
<JU~nces to the ,;nvil'oruaent -Ls beyond the scope ana iinanci<1l resources oi 
PSDDA. When any 11dditional studie,; sponsored l,y other agencies and progr ams 
(e . g . , eSE P and NOM) are complet:ed, cbe 1n£ormation wilt be incori,o'l"ated as 
appropri ate into t he PSDDA program . 

1 . J . 4 Jlaterial Reh,ase. The potential adverse effects of chemicals r eleased 
oc resuspe nded during- dredging and disposal. operations has long bee.n an issue 
of concern with dredged material management. Consideration of t he mass of 
dredged material potentially r eleased during and after disposal is imponanc 
bec.:mse many cb.eullca.ls t end t o C!'oncentrate On fine-grained parcicles cbat are 
subjeec to dispersal (e.g. , in t he water column o r in che nepneloid laye-r 
overlying the bottom sed"iments; s.ee sect ion II- 2 . 2), A definitive assessment 
oi long-term effects of material release is o bscured by Che complexities of 
c~e release p,;ocess and difficul:ties .in 1>redicti11g tlle fate of the -released 
material. Oonseq11eocly, the approaehes to eval ua.ti ng 1:his concern have relied 
OLl assessment of lntermeci.iary pathways and resulting possible effect:s . 

The historical approach for material release relies on predi cting and assess 
ing ch~ rele!lse oJ: cllem1eals to tne water column, cypically in the dissolved 
state. After mix:i~ and dilution ace considered, wa t er quality criteria 
oeveloped from labo~a1:ory t esting of chemical effect:s are applied co de t e rc:!ioe 
rhe aecepcability of the p-redicted release. The,i.e assessments have typically 
inJ;cated that wat= column releases of dissolved chemicals pose littla risl< 
£o r most dredged materials, although water eolumn tox1city testing may be war
.ranted under some circumstances . Hence, i:he focus of the assessment 
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of d1~ical effects has shifted co sediment parti,cles, Disposal mode l s (d u.mp 
models) are used to predict where discharges will l and on the bottom and cl1e 
amoun t of material tha t might be left in suspensi,on after vari0us time peri
ods . 1n most eases, i:he mode.ls (and supportin_g ,f:ield data ) indicate that the 
discharged material descends rapidly to the bot·toin and settles at or near the 
impact poioi:. However, the models are unable to ,address the long-term fa re of 
fine-grained particles cha,; rlo no t: settle within ,a reasonable distance. The 
models are also unable co assess cbe po t ential fo:r a disproportionately bigh 
chemical load on these fine- grained particles, 

Suspended phase bioassays (l'i.ke the water column larval test ) can be used to 
assess the possible effects on animals thBt encow1ter tbe suspended sedimen& 
plume from a disposal operaciou. These tests foc us on the possible adverse 
effects resulcing from the release of suspended particuJ.ates and chemicals 
into the 11ater column. For most pro jeets, offsitl? transport of suspended 
sediments should result in no adverse eifeccs becausa the materi,al has already 
been found acceptable by labora tor,y testing. Fur It her, disposal sice environ
mental monitoring (includi ng offs1te chemical and bi ological measurements, as 
well as use of a sediment. vertical profiler to ve,rify the absence of of:!;site 
transport) will verify and document any o£fsite e,ffects. 

Disposal of dredged material that contains ,elati,,el-y high chemical concentra
tions, lacks cohesiveness and bas a sma:ll proport:Loo of fine- grainerl material 
represents ·a potent:ial exception chat may result .La additional adverse 
effects. EPwG deba·ted numerous approaches to add1:essing these except.ions, and 
concluded that additional ass~ssment raay be warranted for certain projects. 
In t hese cases, chemical elutriate testing, addit:lonal suspended pbase bioas
says, aod/or project-specific d ump model analysis may be useful t ools of use 
in the assessment. The need for such an assessment, and t be specilic assess
ment: cecbiques, would be detei;mine.d on a c·ase-by- ,:asa basis . 

2.4 Test Sequence and Disposal Guidelines, The l:est sequence and disposal 
guideiines recommenil.ed by EPWG fo1: unconfined, op,:n- water disposal separac.e 
sediment.s in t o cwo cl.asses: l) acceptable for 11ll1:onfined, open-water disposal 
and 2) unacceptable for unconfined, open-wate1: dit;posal. A diagram of the 
basic approach is given in figure ll.2-3, .Figure:; II. 2-4 and I I.2- 5 summarize 
the disposal guidelines to be used in 101:erpreti.ng test results. 

Becauee the following pr oposed procedures contain sevexal feat ures that: have 
not received full imp~emeotation 1n a ~egulatory program prior to ESDDA, an 
annusll ~eviews of evaluation procedures will be Ln1dertakeo once PSDDA is ini
tiated. Based on this annual review, evilluatioo procedures will oe modified 
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OPEN'-WAiER DISPOSAL 

'44TE~!AL IS SU)tABLE 
FOft UNCONF'lt<SO 

OPEN, WATEA Dt SPOS·AL 

VES 

'( 1) Biologic.al testing may stlll De required If rhere Is reason to belleve 1hat the sediment i.s highly anomalous 
and may represent a 1ignltlcant environmental r i sk even though alt c-hel'l'\icals of concern ate betow 
.screening levels for unconf ined open-¥;ater dis:posaJt 

(2) Standard tier J Diofogi cat te.stiog can still be conducted when only a s.ingte- chemhzal ol coricc-rn exceeds 
the- max imum level by < 100% Biologi cal testing or material Wllh chemlcal levels 4b0V8 maximum level 
Is; .allowttd as an op1Ton of Ille drodger(see lootnoto 6) 

(3) The larval ,pecles can be used In either a sediment toxiclt\f bioassy (for Section 401) and / or in a waler 
column bioassy (lor Section 404) The sl!dimen1 larval test 1.s requlreO-whenever blotog1ca1 tes-t1r1g Is 
ne(;essary, the water column larval test ls only required when water column etlects· are of cone.er" 

(4) Mlcrotox testing 1~ required only for Section 401 reviews~ it rs not required ror Sec1ion 404 av~ luatiDns. 

(5) The chemical ,cre ening level that determines when bioaccu-mulaton te'Stln_g is required i.s tllgher than 
lor o(her bi<logical tesllng, 

(6) Special biological lesling under the 'Dredger Option• will include addl llonal, more sensitive sublethal 
biological tes(s (see EPTA), 

Figure Il.2-3 PSDOA testing sequence. 
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tfor Section 404 evalurulons) is done only when watec column effects are ot concern 

121 Microtox tesiing ,s requfred only 1or Section 401 reviews~ i1 Is no-I required tor Sec:Uon 404 evaluations. 

l3) The chemical screening- level that de1e,mmes wh-e-n moaccumutatk>n 1es1fng rs required 1s higher than lor other b10togtcal testing. 

(4} "Sta11stically Significan111 requires both a s1atiSlical difference lrorn ,eference .and total mortali,y response !hat rs grea!er man 20 
perceni 1at>S0hJ!e) over control. 

Figure 11.2-4. PSOOA disposal guiidelines. 
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Figure 11.2-5. Section 404 and Section 401 c:llsposal guidelines. 
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as appropriate. It is likely t hacc future iotprovements in agency abil:i,ty to 
characterize tbe distribution of chemicals of concern in sediment in different 
parts of tlte sound ;;nd to becter understand the reiationshi~ between specific 
chemical concencracions and associa ted biological. effec ts ac the disnosa.1 site 
co~ld result in an eventual reduction in sampling and analysis requirements, 

'.r.ier 1. Assess Existing Sediment Information . Tile first step of the test 
sequence and dispoaal guidelines is to examin,e available information about 
the dredging sice a nd the composition Qf the ,sediment to 1:e d red ged, 
i ncluding t he potential for sedimeot chemical:s of concern. As a 
case- saving strategy, all avail able informatl,on on tile dredged DJaterial 
should bi;, colleci:ed and assessed (if icime restrictions permit s uch a 
review). Tbec first decisions in t his review inc.lude the r anking of the 
project at:ea .relative t o the ir potential for 1!hemicals of concern, and 
asseHsing the adequacy of t he asseinbled data to characterize che composi
tion of the material t o be dredged. Adequacy- implies t hat the presence 
and concencra~ion of tile chemicals of concern ( or proof of cchei.r absence) 
be known. Where records a.re comple·te or a,vai:table data can be used to 
reach a decision, additional tescing is not r1~uired. If the data are 
inadequate (see section II-3 . l), addicionaJ. t<?sting is requi red. 

liecause no single test or eva.luation procedure can address all potentia1 con
cerns, a sequence of chemical, biological, a nd pbJrsical tests may have to be 
conducted . 'these test:s are used as indepeodeu c indicatoi;s that provide com
plemeota'l:}' information. To Control costs, a tiez3:ng str.ategy is recommc,nded 
Cba.L enables testing to proceed only to th e extent: necessary to t!onfirm ~he 
appt:opriate disposal decision. Currently, two tiE!rs of testing are speci
fied: (1) chemical testing, and (Z) biological resting. 

Tier 2. Conduct Cllemica1 t ests if Necessai-y. 'the fir,;t step in tile tesc
.ing program is to conduct bulk chemical analyais of the sediments to be 
dredged . If all chemicals of concern are below a certain concentration 
(i.e. , the screening level; see seci:iou l!- 7. 3), t here is no reason co 
believe tilat: the chemical .levels pose a biolo.gical tlsk and the sediment 
is acceptable for unconfined, open-water d isp,,sal wi·thouc further biologi
cal testing . If any cwo chemicals a-re ab.oye el much nigher coocen tra·tion 
(i . e . , tile ma.tlmum leveL; see ·see d.on II-7,3), or a single chemlcal of 
concern exceed·s the maximum level by more than 100 percent (i . e ., is 2 
times the maximum level), tllere is reason t o believe that the sediment: is 
Uilacceptable for unconfined , open-water dispoe;al. However, the dredger 
does have tne option Lo conduct biolog:!:cal. te,;ting and, depending on the 
results of these tests, unconfined, open-wate.i: ilsposal may be allowed . 
For sediments with chemical leve.ls between thE!se .lower and upper concen
c-rations , biological te.stiog is required for a decision.. I£ the sing.le 
chemical exceeds the maximum level by less t h,l11 100 percent, standard, 
tier 3 biological testing is- the basis for a decision on disposal accei>t
abilir-y. 
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l'ier 3, Conduct Biological 'l'es t :tne i£ N~~ct?.ssary. Jliological t esting 
is the third tier uf t-es-cin~ . .lf any chm:lic.tl of ct.mc1:ro is present 
in sediment at: level-s above the establis!1ed scrc,ening leve.L, and no 
0111: chemical exceeds the establisl1ed ma:x:lmum J.ev>Ll by r.:ore than 100 
percent, biologi.cal testing is needed to determine material accepi:
abili ty tor uncon£ined, open- water dispoBal. Re quj r ed biolog•ical 
ces ting over this i n termediate range of e:hemical concentrations {5ee 
.figures ll.2- 3 and ll. 2- 9 ) to detecmioe J.cs acceptabillcy f or disposal 
at unconfined, open-.,acer sites acknowl.eclges scientiftc uncertainty 
over the predictability of biol ogical efJ'ects .from inferll!edidLe cbetii
cal concen trations . If the biological te,st results do not meeL the 
guidelines summarized in f igure II.2-4, t:he sed~ment wou).d require 
some other d i sposal option. Hence, tbe 't:esults of the biologlcal 
tests, rather t han c heurical coacencracions, d.etermi na i f the sediment 
is acceptable for unconfined, open-water d i ·sposal. '!'he sequence of 
sampllni; and testing procedure,s is funbm: discus,;ed in section 11-5. 

2 • .S Dredger Op,ion to Conduce Biolog'ical Tes ting Rathe.c Than Accept Chemleal 
·rest: Indications . For dredg,ed materia l with cllen1ical concencra t ions ~ceediog 
the maximllm level (ML) values, there 'is reason tc; be.lieve chat t he material is 
wiac cepcable for unconfined, open-water disposal . P.or ma t erlal !!xceeding ML 
values, the dredger will have two options a t t his, poi·nc. Fi est, he may elect 
to accept Che i ndica tion of c1e hl, t hat tl1e material is unacceptal:le for 
unconf i ned, open-,,atec disposal . lliological testing is not r equired .for this 
dt:cision , howt!-Vl!C, lt is recognized tha t chellilt.~.l leveh ln dr Pd.ged ma t erial 
p r ovide a relatively indirect measurement of possible adverse biological 
eff.:cls, as several factocs can inilllenc..e the .bio,availability of Lhese cher.i
!cals ( e . g . , sediment grain size, presence of org,anic carbon, etc . ) . Thi.s is 
1111y LIie rl,;edi:,er will have a second option to conduct tiological Lesti.o& rather 
than rely on t he i ndications of t he chemiCc1l maxi.mum level. J:'o r chis op t ion, 
clle ilredger 1<ould cund"cc both tile standard bioas,says (five acute bioass<1ys 
and bivalve bioaccumulation) and other additional, more sensitive sublethal 
tests iCI order to de~ermine final biologioal ac<:e.p t ability of the material for 
uacon£i ne.d, open-water disposal. AppcopriaEe bio,logical tests a nd te,;t inter
pret ation would be uecerndned by tne PSDDA agencies on a project- by- pro jec t 
basis. If t he proj~ct material meets the test r equirements, t he dtedged ma t e 
rial wi l l be considered acceptable for uocoa=i ned, open-water disposal. 

For dredging projects involving d redged material with high chemical con
centrations, t he d reclge.c may ope to ;,cocecd diri,ccl.y to biological resting 
rather chan conduct chemical tests , lf adequate chemical test data were not 
available for the project it would be assumed cnat tlie oa terial concaiaed 
chemical levels exceeding the ML value s, and that ic warraran ted complere 
biological t estins ( bo'C h .standard and otb.er, subl ethal b i ological casts; 1. e .. 
the "dredger opt::on" in figure II . 2-3), analyzing for all h uman heal.ch 
c~~mical~ uf concern 1n the bioaccumulation ce sc. 
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For any dredged material e.xceeding the ML val\1es that is found to be ;;iccept
able for uncon.fined, open-water disposal based on biological test results, the 
use of the £SODA disposal sites ~ay not be appropriate or allowable. For 
t hese projects, loc~ting ab appropr iate site, and determining site use 
requirements a nd disposal site monitoring needs will be addressed on a 
case- by-case basis. Any needed identification .;n,d designat:ion of special 
unconfi ned, open-water disposal sites would be the responsibility of the 
dt:edger . 

In summary, unconfined, open-water disposal of dr,edged material with chemicals 
exceeding the ML -va1.ues is generall y considered t .o be outside of the scope of 
the PSDDA study and sites, and will necessa:rUy b,e considered on a project- by
project basis (as required by the Clean Water Act) . Overall, unconfined, 
open-water disposal of sediments containing high ,chemical concentrations into 
Puget Sound waters is not very likely t o occur. 

AI, addit ional benefit of the opti onal biological testing can occur when 1:he 
test data are added to the chemical/biological ef.fects data base. The stan
dard bio1ogic,;tl tests (five acute bioassays and b:L-val-ve bioaccumul ation) may 
provide inforroation which could result in c hanges to tbe maximum level guide
lines during the annual reviews of t he evaluation procedures. This informa
tion will be considered along with ot her dredged material t est: results, field 
monitoring data, and pertinent research result.s, during. tile annual r eview of 
the PSDOA management plan. These reviews will in,clude an assessment of pos
sible changes to the ML guidelines. 
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The steps outline<;! in the follo"ling se<!tloos are ,concerned with act!oos to he 
1:aken hy a dredger and regulato,:y agencies in adv,9:nce of any decis ion to con
duct additional chemical ot bi.alogical sampliog and analysis for a proposed 
dredging project . ln£ar111a tion reviewed at thl.s stage of Che project enable 
the following questions t o be answei:ed : 

o Where is th,; -project .located relative co :pote,u:ial sources of chemi
ca.ls of concern? 1'/hat l s the rank of the site based on this in.forma
t ion and available h.istorical chemical data? 

o Whal: is -rht; proposed volume of sed.inient t,J be d.redged? 

o Ls exis t ing informacion adequa t e to fully characterize the sediment to 
be dredged? 

After these questions have been answered, a decisic;,n can be made conc:ern.l.n g 
the need for addit i onal tests, 

Toformation supplied by the dredge.r during the r-eview of available data 
includes the followin g : 

a. Area map tdenti f ying dredgiog pr oject: locution and sorrounding area. 

i, . Plan view drawing of area tQ he dredged . Storm drains i!lld al1. kno"Wn 
p9tential sources of chemicals o·f concern are identified. 

c . Suffi c:ient number of cross seatlon view drawi ngs to adequately 
de.scri be che dredging prism showin.g dredging depths to scale. If grea ret than 
a 4-foot dredging cur: is proposed, the 4-fooc cut deptb i s marked on the cross 
sect.ion drawings" 

d . Estimate of the quantity of material to b ,,, dredged boch above a nd 
below the 4- foot cut ( including project "overdepth" material). 

ec. Jlrief histc;,ry of project site . wnat pas·t activities may have 
contributed co chemicals in the sediments? Wbat ,existing activities and 
discharges could result in the presence of chemicals of concern? 

f. E.id.stlng chemical and biol ogical sediment sampling data from on site 
and nearby sites. 

3. 1 Ioca tion of Dredging al\d Area Ranking. 

.3.1.l Introduction. Sampling- and. analysis requi:rements 
lz.atiot\& of project dredge.cl material vary hy dredge cut 
degree of chemical concentrations of the dredgina area. 
£accor is always project-specific, the latter fac t or has 

£or full characcer
depth and poten t ial 
While che firs t 
been embodied 

J./See Section I.I- 5 . 2.4 f or partial character iz.a t ion guidelines. 
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in a rar,king syster,; for the various dredging areas in central Puget Sound, 
Ranking can also be peti:ormed within a project. The rank of a dredging area 
is used to determine the degree of concern re&dtding possible material chemi
cal. concentrations and the iatensi t y of sawpling and analysis chat a proposed 
dredging project warrants. This section describes the inlcial a·rea rankings 
for cbe Phase I area of .PSDDA. 

3 . 1.2 Descriµtion of Ranks . A dredging area may be assigned to one of four 
possibl e ranks : high, model:'ate, low-moderate, and low (table I I. 3-1) , In 
t ha t order, these ranks represent a scale of decr,easing concern .fo r potential 
chelllical concenrracions, and concomittant reduc tion in the information, 
sampling, and analysis requirements . 

The ranking system is based on two factors: 

l. The number and kinds of chemical sources ( exist:ing or historic) . 
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TABLE 11 . 3- 1. DEFINilION OF AREA RANKS FOR DREDGING PROJECTS 

Area Rank Characceristics 

Low (a) 

Low-Moderate 

Modera te 

fli gb (a) 

Few or no sources of chem:f.cals of concern, data are available 
to verify low chemical con.centrat:ions ( t ypica lly below a level 
predicted to result in significan1: biologi.cal effects; see 
section 11- 7. 4), and no significant response in biological 
tests. 

Available data indicate a low rank, bu t t here are i nsufficient 
data to confirm the ranking. 

Chemical and biological data are not available or are i ncom
plete, and some sources of chemicals of concern exist nearby. 

Many known chemical sources, high concentrations of chemicals 
of concern (see sect:ion II- 7 . l), ctnd/or significant acute tox
icity in sediment bioassays. [ llhem a high rank is indicated 
for an area based on preliminary data, then a "high '' rank is 
assigned to t he area as a protectj.ve measure ( i.e., there is 
no rank of "high-moderate").] 

( a) For these -ranks, sufficenc data must be availa:ble to characterize the 
chemical and 
biological. variables of concern . 
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2. The available information on c:.helllica.J. and biological-response chacac-
teristics of che sediments. 

lni t ia! rank!ngs describe rela tively large areas (bays and waterways) . 
llecause of the paucity of eov!ronmental daca in m.ac,y dredging areas in Puget 
Sound, these area rankings were es t imated basci:I 0 10 knowledge oi' potential 
sources oi chemicals a£ concern, as confirmed by ,:hemistry and blologicai 
response data where available. Area rankings for the Phase r study area are 
expected to be changed as s pecific dredging proje,c cs gathe-r addilional icu:or
~ation. lo adciitJ.on, ranking '\deb.in µrojeccs will l i kely occur. finally, use 
of t he limited data required heavy reliance on pa,st el{perience w1 th dredgi~ 
1n Puge t Stiund . Ther-r,.fore, unti l <1dditional data become availabl e, cue rank 
assigned to many gf i:he areas will remain a.a c urr,?ntly assigned ( see section 
Il-3. l.6). 

3 . 1 . 3 R<lation tu lJisp.osal Guidelines. No di r ect: r elationsldp exi scs be ewe en 
the a-rea rankings and the disposal guidelines. TI1is potential dlscrepaney 
EXists bc,cause che rankings are based pcir.iarily on knnwledge ot ct1emicaJ, 
sources, with less -reliance on t he limited c::!iemisicry and biology data that 
tn4:1lc be available for an -a,:ea . Additionally, clt,~ initial rankings a r e 
applied over large ·areas (bays, or segments of a 1,1aterway) . The disposal 
guidel.i11es, on the ociier liand, are intended for application co well-defined 
management uni ts of dredged ma terial covering a m•ocb s malle!? ·spatial scale . 
It is 1mjlortant t o noce tha t the r,mkill& does not affect the LI.nds of infoma
t!on required for a d.redging -project I bu t does affect the inte.nsicy of sam
pling and analysis e.fforc that a project would neied . 

After cons i deration oi sou-.::ces, area rankings are driven by the mos t ele'?ated 
che~scry values and most aign'!J'icanc adverse bio.Lo~-J.ca.l response observed i□ 
an area. Chemist-ry and biology act a$ ~eparate fa ,~cors, either of 1,hich coul d 
drive tile final ranking of an area. f'or example, a -rea,; tha~ e:<l1ibit sediment 
chemical concentration above the concentration that mig ht be acceptable foF 
unconfined , open- water disposal (see section II- 7 .4 ) or ll>'1t ex.liibic an ac:uLe 
toxicity res ponse of gi.-eace.r than 30 percent would be ranked b.igh. areas with 
clletoical concentrations l ess than screenlng level:, (see section 1!- 7 .3) and 
tilat do not exhibit acu t e to,dcicy response, woul1i lie ranked low. Other areas 
would fall in the. moderate rank.i.n.g . 

J. !.4 Rerank-ing of Ar;,,,s/ProjectG. Ref inement n:f tbe inJ.Llal ran.kings can 
occur witliin a bay, w:l tltln a project, and even wi1thin a dredge cut ( i.e., 
subsurface sediments ol\ly) . Areas ~;; n be ranked higher based on rhe result s 
of a single t esting period; however, consistent r ,~ulcs from t,10 testing 
periods a r e reco,amended before a n uvera.11 area ranking would be lower"d . 
Specific pr ojects. within an area may be ranked hi1~her or lower basea on th.e 
results uf sediw«nc-specH';i.c .:escs (see section I.[-5. 2 . 4- Lor pa rt ial 
characterization guidelines) . 
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3 ,1,5 General Rankings. Cercaln categories of dredging areas were assi gned a 
gener-al rank. In the aosence of additional infonnation, uroan and i ndustrial
ized areas are ranked hign , Marinas and ferry te-.minals are i nitially ranked 
moderate, given the typical a bsence of industrial or munici pal discharges. 
Righ energy areas that are characte.-ized by coars,e-grained material ( coarse 
sand and gravel) and are distant: from potelltial. st>urces of chemic;a:Ls of con
cern are ranked low-moderate or low. Oredg;!.µg ;ir,eas located cloae to 
mode.rate-sized sewer oucfalls are r anked moderate. 

3 . l.6 Speciiic Rankings , Initial ranks a.saigned to areas ln the Phase I 
study aTea of PSDDA are shown -in table Il.3-2) . . [n defining these r,mkings , 
agency experience and dace available from agency files were revielled re.la ti ve 
to in.ffor:mation contained in the Pu,get Sound Envirc,nmental Atlas. There are 
few active dredging areas in centr-al Puget Sound I( table IL 3-2) ranked 
"l ow-moderate" ac this time. Dr edging typically :l.; concentrated in areas 
wl\ere there are many sources of chemical eoncentr1Jtions. Because lndus-ttial
ized zones are loca·ted throughou t t:he Ph.ase I ai;ea, many of the areas were 
ranked high. Past data collection efforts were a:lmed at: identi fying 1:hemical-s 
of concern areas. Therefore there are also few tliit:-a in areas of potential low 
concern. For these reasons, few areas were ranked low-moderate. Containing 
chemic·als of conaern areas in the deep portions o;! central Puget Sound were 
noc ranked because dredging is not likely co cake place in chese arl!as, 

3.2 eroJect Si:,,e . Project size can affect the n•~ed for testing and t.he types 
of tests required. For small projects, the cost i,f testing must be balanced 
against t:he environmental risks posed by a very small volume of dreilged mate
rial , As a result, the proposed vo lume of sedimeiat to be removed at a dredg
i ng site, if unusually small, affeccs che need fo,r tesU,1g. £PW() recognized 
that very s mall volumes of dredged m11terial (less than a sampling unit) indi
vi.dual~y represent a very low potential for unace,~ptable adverse effects at 
the di sposal site. Although cumulative effects of many small projeccs ere of 
conceptual concern, the cost of mobilizing large dredging eqoi-pment generally 
haB dlacouTaged many small. projeccs from using mU:ltiuser rtisposal sites . As a 
result, very small projects constitute only a sma:U percentage of the volume 
disposed at the existing DNR sites over the last .l5 years (Envirosphere 1986) . 

Complete chemical arid biological testing of a s:!agle sample according to tbe 
recommended evaluation procedures will likely exci!ed t2 1 000 to $3,000. 
Because of the lm, potentiai £or 11nacceptable adv1~rse effects, thi•s high cost 
was considei::ed unwarranted .for yecy small projects, especially £or projec cs in 
low-ranked areas . Consequently, under certain ci1ccumstances, reduced testing 
and teseing- a.'tclusions are considered appropriate,. 

The volumes of very small projects for which no t1?s.ting ia recommended be con
flucted are shown in table II.3-3. 
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TABLE 11.3- 2 . I NITIAL AREA RANKINGS IN THE PHASE I STODY AfU:A 
(R.ELATIVB TO POTENTIAL FOR CONTAIN ING CHEMICALS OF CONCERN ) 

High rankings: 

• East Waterway I Everedt Harbor 
Intertidal a-reas of Snohomish River t tirough uJpper settling basin 
Mukil t eo 
Edmonds (exce pt a t Chevron tanks) 
Kenmore 
Eagle Harbor ( t he cr eosote plant and west) 
Salmon Day 
Lake Washington ship can.al 
Elliott Bay 
Duwau.ish River (~cept upper t urning basin) 
Sinclair Inlet 
C.ommencement Bay (except Mi lwaukee Wa t erway) 
Lake Union 

Moderate rankings: 

Snohomish Rive r from the mouth up through the upper settling basin 
(excluding int ertidal a reas ) 

Wesi: Port Susan (near Cavelero lleach) 
Ferry terminals Cl inton and Gedney Island 
Chevron tanks near Edmonds 
Por t Madison 
Kingston r erry t erminal 
Upper t urning basin of the Duwamish River 
Lal<e Washington (except Kenmore) 
Dyes Inlet 
ferry terminal a t Fauntleroy 
Gig Harbor 
Upper por~ioo of Quartermas t er Harbor 
Ferry terminals at Point Defiance and Vashon Island 
!~ilwaukee wa t erway, Commencemend Ba y 

Low-moderate: 

Inner Eagle Harbor (west of creosote pl ant ) 
Out er Quartermaster Harbor 
l'ort Orchard 
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'fA.BLE il . 3- 3. "NO TEST"' VOLUMES FDR SMALL PROJECTS (a) 

Area Rank(b) "No Test'' Volume 

Low 8,000 r:..y. 

Low-Moderate 500 c.y . 

Modera te 500 c.y. 

( a) Small projects chat involve coral volumes of 1iredged material less than 
those listed may dispose of the material at uncon.Eined, open-wa ter sites with
ou t testing unless trLere is a reason to believe that: the material is unaccept
ably containing chemical>I of r:.onaern. In such ca1;es, the regulator may 
require tescing for specific chemicals of concern .. 

(b) Area ranks are defiCled in section II-3.1.2 and table ll.3-1. 

for very small projects in low, lqw-modera te, or 11,oderate ranked areas, vol
umes for which no tes·ting need be conducted are shown in table A.2. In the 
absence of specilic, conclusive e.vidence of ttnaccE!ptable mat'eria l , proje.ccs 
with rhese or lesser volumes "10uld be categoricaLly consjdered acceptable :for 
uucont ined , open-water disposal. 

For low ranked areas (i . e., data are available to verily the ini·tia l rankiug), 
the "no tesi:" volume is equal to the dredged ma1:e1:ial sampling unit (i.e., 
8 ,0UU c.y.). For low- mode1:ate an<l moderate rankings, the .. no test·' vol ume is 
representative oi tbe ca1>aci ty of smaller barges :l n use in Puget Sound . 
Limited biulogicai 1:estiog requiremen t s a.re disc uased in section lI-6 . 7 .1 ( see 
cable U .6- 3) for projects with volumes greater than the "no tesc·• volume and 
less t:hau the Sd.lllpling unit volume (see also sect:lotl II-3 . 3·,2) . 

Two key qualifiers of c.hese volumes were provided., First, in•tentional part.i
tioniu11 of a dredging project: co reduce or avoid l:esting requirements is not 
acceptable. Second, LC.ecoguiziUS that mulciple small discharges can cumula
tively affect t.be disposal site, .re.gulatory agenc;les are e.xpected to define 
"project: volumes" in as large a context as possible. One example of the 
applicarion of this latter qualifier is recurring maintenance dredging of a 
small raa,;ina where "project: volume'" would be the mimmed volume over the permit 
life (o:ft.en 5 yea1:s). Another example is mulc:ipli~-pro ject dredging contracts, 
wbere a single dredging company dredges £or several projects tinder a single 
contract or contract: effort. Again , the "project volume" would be summed 
across all projects ( as would any sampling and compositing efforts prior to 
t:esi::ing). 
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:S.J Assessment of Existing Informatiot1. 

3 . 3 .1 "Safety Nee '; Concept. Prior to considering the need for addi cional 
resting, an initial assessment of exist ing data is conducted as described in 
the Secti on 404 (11) (l) Guidelines. roe initial a:1s essment is used to answer 
the question: ls t:bere reason to believe t hat ch~, sediment conc,ains chemicals 
of concern? For example, the Section 404{bHl ) Gtt.ideli_nes allow coa1:se 
dredged mate1:ial that is isolated from any chemical sources to be excluded 
horn testing (eve n in the absence of any dat;, on sediment coocentra·tioos 0£ 
chemicals of concern). Sources of information to be collected by the d~dger 
for chis review include past studies and land use records (see figure 
ll.3- 1) . :Properly conducted , this review is c:ompi.ex, difficult, and tlme con
suming, and all -pertinen t data sources are rarely reviewed for- .,, dredging 
p1:oj ecc . 

Even if all existing data a r e reviewed, the minimum infoTmation requi1:ed to 
establish whecher therl? is any reason to believe t:hat the chemical levels may 
cause unaccepcable adverse effects often cannot: hE: obtained . Rather chan 
exclude this k.ind of material from testing, these areas are ranked low ( if 
adequate sediment dat:a are available f1:om nearby aireas') or low-moderat:e ( if 
sediment data are not adequate) . According to thts ranking scheme, testl!l;\ 
aud d,p:a requi remen~ are m.lnimized, and ex:isLing infoni.at.ion remains adequale 
for more than 5 years . 

'lhe possibility for "surprises" in the dredged mat:erial 11as recognized io t he 
decisionmaking framework for disposal of dredged material. recommended by the 
<.orps Wacerways Experimental St.aeion (U . S . Corps cif llnginee_rs J.986aJ. The 
minimum of one bulk chemical analysis (projec~ composite) recommended in thi-s 
framework will be used as a '"safety net" aga.ins-c utnexpected chemical <:oncen
c-rations not indicated by his torical data. The "s ,afety nee" concept is a□ 
appropria t e 1:eplacement for tile Section 40" testin.g exclusion. becaµse it mini
mizes "surprises", relaxes the need for extensive data search.es, and provides 
setliment-spec.lfic data of use in managing cbe disposal site. Chemical data 
resul·ting from t his analysis can be compared co screening level values to 
determine if !:here is reason to believe nhat biolo•gical testing is wa=ant ed . 

Because data resulting .from t he "safety net" analy sis overtime will improve 
.sgeocy abili~y to characterize Lhe distribution o-f' ehemicals of concen, in 
Puget Sound, it is likely chat an eventual reducei.on in sampling aod analysis 
reqUirements wc.uld occur. Data from the ,;safety n,et" analysis can be used co 
reran~ an ar.ea, co modify t:he chemicals of i,onc:.ern, list for s _project , and <:.an 
(witi:ti.n the limi.c:s qf professional judgment, data 1:ecency, quality ass'»'.ance, 
and other technical £actors) b-e excrapolated to ad j aceQt projects. Foi: exam
ple, there ~ay be no reason t o believe char hexachlorobutadiene (a ~SDOA chem
ical of concern; s·ee section ll- 7 ,l) is presen.c in. a particular dredging area 
b>lsecl on available historical evidence and informa.tion ieoncerlting potential 
sources . If ch.e "safety net" analysis demonstrates t hat t:his 
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coapound i.s not present at acceptable detei: cion li.,its, t hen the 1 in 0£ che!ll-
1cals foe a given project. area ma-y be modified to e xr:l1.1de ne,rn c hlorobucadiene 
from furtt1er routine analyses . 

In praecice, DI0$1: prujects will likely 1:aquire more cban 1'ne a nalysis £or ilde
quate characteriz,!tion. Lise of the "safety net" would be appropriace in coo
firminu sednem: chemi-scry in .low--:rauk areas f or moderate- sj zed projects, as 
well as for sampli111,r i n "aoosalllpling" years (see II. 3.3.2 b e.low) . 

3.J. 2 Rece ncy and Frequency Guidelines . Tlte need for furcher Lesti ng also 
depends upon bow long -c he etisting data can be cons i <ler<!d representative of 
the conditiuns a c the p r opo$ed dredgi ng sice. 0 Receacy0 &Uidelines for exist
ing ia£ormatioo refer to the duration of time for whicb c hemical and biologi
cal characterization of a given sediment ( tha, might be dredged) remains "de
qcrate and valid for decisionmaking without: fuctber testing. These gu.idelines 
are based on the number and operating scacus of chemical sources near che Brea 
co be dredged, and on whether the sedimen t is close co the sedimenc-watec 
inter£ace (i . e., surface sedlmencs, less tlu~n 4 fee l ) or not (subsurface sedi
ments, greater t han 4 feei:). For t~e dredging 0£ s urface sediments in ~reas 
with ongoing, active chemil!al sources, the PSDDA guidelines provide for 
information to be 11alid for a period of 2 years ( foom dace of sampling). The 
2- year recenl!y guideline is based o n a consirlerai:-ioa of the av.,rage (and rea 
sonable) t i me required after initial sampling tr, compleee a dredgipg project, 
includin!.l perwittlng and c1'ntracling t ime. Ocher: factor~ considered incl 11ded 
r.be sboaJ.ing and sedimeocacion rate in Puger Sound w~terways, llncl the degree 
o.f chang,e in sed1□ent che.c.iecal ,:oncentracions that has been observtd hi stor
ically in high- ranked areas . ln all other areas (i . e . , surface o r subsurface 
serli.ments, wi t hout act ive sources <NPD!':S permitted ovcfa113, .st.orotWeter 
systems draining areas of major pollution, et:c. )) , a period of 5- 7 years is 
nH:1;1am,:0Jo:d in c11e gu idelines foe Jaca to be consid.;red valid . 

rne recency guidelines ,rre not applicable when a 0 chaoged" condition is known 
\e .g . , wJ1ere spills or new dischacges have occurred since t he most recent sam
ples were obcained). Tile guide,l.iaes are also ooc considered firm rules that: 
c,<n not be exceeded, but insi:ead are references to asstst t h~ r egulatory pro
cess . In many caJles, missing information 1'!11 require sampling and testing 
ttlgardle.sr, of avaJ.lable daca, and exceeding ch.; c;im,; guidelines dees nae 
invalidate all pas1: d.a·ta. Ioscead, follorup saJllpllog may be sized to the 
degree of concern presented by past data, as long as these past da·ta were ade
quately complete -ce·lative to c.he.lllical and biologiC?al analysis, 

Recency guidelines only apply co data for a 
aod cbaraccerlzed, not for an entire area. 
than 2 feet) of new ma.:eria l has settled on 
new information will be required. 

given sediment t:hat was sampled 
Wben " sobsi::antial layer (greater 
che area pr eviously characcerized, 

A ~elated case invol ves r~pe~t dredging thac occu~s ~ore f requent ly i n ~n area 
than t he recency guideline pe·riod. Because recency guidelines do not apply to 
ma ttrri-a.l d.redged in a ''nonsampling year;, ( 1::.g. i year t - 4 of a 3-year cec-e.ncy 

11- 44 



"Safety Nee" Concept (con . ) Januai:y 1988 rev. 

period ) , a separate "f requency" gu:ideline was developed . lltls tuideline 
requires full sampling and testing under the new evaluation procedures for the 
first 2 years (for nonannual dredg,ing, the first two dredging periods within 
the r eeency g,uideUne window) , estaollsniog a trend for the dredging area . 
Barring changed c:and1tioos, future "nonsampllng yea1,s" would ol\J.y require a 
slngl(! bulk secdwent cbewital a.o.alysis {1.e ,, to provide a " safety net" for 
the s creening of sediments) . Full analysis would bu required a, the end of 
each recency \lio<iow ( eve,:y 2 or 5-7 years) . 

Although decisions on the need for further sam-pling will usually follow t he 
tl!Cency and frequency guioelines for most projects, tlle PSOOA proCed<lr~s ;.iltow 
specio.l considerscion for dredging pru;e.cts that munc dredge recently se tt led 
llltlLerial betore testing re~ults can be obtdined. Sc/l:le projec t s are. con
strained s uc h tha t a large port.ion (or '111) of t hi; ,..,terial to be d r edged set
tle,; jut.t prior tc, dred1;ing . Ar,. a result, testing ,,r the ms t e.rial will no t 
provide r esul t s in« lime for dredg111g . Material that ts planned for dlaposal 
!IC un<:onfiued, oµen--..,aler s1les sbould be. sppt1>riatc~l>· cnaracterized . Hence, 
sampling will be arranged on a case-by-cane basis for these exceptions. 

n,e first preference for projects "here sampling ,incl testine, time. .Ls con
str ained by impending dredging ( to remove. r apid shoo ling) iu co postpone 
dredg i ng to d 1.iter period or vindo\/. Civen the m.on.i r ori113 and site mauagt!.
we ut plans for the uncon.f!ned, opec-vater disposal llites, it is worth a void
ing, lf pussiblc , tbe res-ponses potentially requ1recl t o address discharge of 
llnaccap t ably containing chem.icals of concetn 5ed!l!ie11t li . Po11cpo11em~11t ;,f 
dredging is a project-speci.f1c decision , although s,o,aJ.ler projects can t ypi
cally fit in smaller dredging 111-ndows available at u cber times of the years . 

3. 3 . 2 Qua.lit Assu1:ance of Existin Data . The requirements for qual.it"y 
assurance (QA that can be applied to hls t orical da1:.a are less than can be 
exve<:ced £or daca generated according to recenc pr01:ocols recommended by PSEP 
a nd PSDOA (Tetra Tech 1986k). However, lesser qualit cy data ma y be use.ful dur
ing the initial assesSt1ent phase co r ank a pr oject. Such da ta p,ovi.de a rela
t ive 1.ist.ing of t.he kinda of cnem.icals t ha t might be found '1ithin t he project 
area. llhen the data a.re used co characterize the d i,edged mateda.l, t he fol
lowing information must be reported and considered : 

o S-ampling and analy1;ical method (c.beinisay and b!oassay resul ts ) 

o themical detection li.mi"5 

o Bioassay control sediment 

o Quality cont rol meas ur<! s (chem:ist:r:; and bioassay results ) appr opr iate 
co the method . 
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4. SAMPL.lNC ISSDES AND CO!-;CERNS 

A number of procedures for Slilllpling dredged oalerial. required clarificaci.on by 
£PWG. 'rhe resulti.ng &a.mpling and analysis protocoli, address the :ollowing 
questions: 

o How should lhe dimensions o: a "dredi:ed maLE,rial 1:1a11age1tenc unit., be 
defined (~ . e ., based on the prise depth and extent of hor.Lzontal chem
ical concentration~)? 

., Sl11rnld Lhese dimenaiona vary by the sil.e of project? Csee dillcusalon 
in section ll-3.2) 

o Should the degree (>f ~nown 11r s11spected sedJ.meoc chemical concentra
t1onu at a site influence the definition of the 1'41nagement unit? 

o To whu degree should the capabilities of '\1sua1ly uvai luble" d r edP,iog 
c±qu.i[>menl affect t he de!inlclon of n manage111ent 11n.i t? 

o Sht,uJ.d v lslble tenses Iii tll1n the sediment cc,lumn be san,pled sepa
rately, composited w1 th o t her sumples frc>m f:he sediment eoluam, or 
compositea among stations 11.e ., lo dUution of stediments 111th higher 
chemiclLl concentr11tlon11 tnto sediments 111.tb J,ouer chemJ.ctl concentra
tions an acccpcable practice, or sbou!tl subw.L01ples l:e a rte hived for 
possible analysis)? 

o llow ara11y analyses per maoage11ent unit are n,eeded? 

o Wllat are the proper procedures for locating the position of stacioru, 
durin& samvli.ng efforts? 

Gaioance was also requirea ior th~ characc-eriz.ation of material beJ.ow the 
auchorhed project depth for potential problems that: might be exposed a.fter 
dredging. !l.ecollllllendations for the resolucton of c.he,se issues a.re addressed io 
the following sections . 

4. 1 Dredged Macerial Management Units. 1n determ.icdng the number of analyses 
(e . g., chemical tests) chat would be required for a project, che concept of 
"dredge_d material management un!ts" 11as used . The nia.nagemenc un1t recognizes 
tbe common he t erogeoeicy of chemical distribution i.11 sediments, allowing- dif
feren t managemen t oi dredged materials according co t hei:: potential for unac
cep table ;1dver se envi:ronmental e£-:'ects. This appro«ch is common througbout 
1:be countr y (e . g . , San Francisco), 3rui is con.i£ied i.n o t her countries ( e.g. , 
Canada, Norway) . Ihe managemenc unit approadt is aJ.so routl.nely employed in 
tLe design of capping proJec_ts, where cleaner projec,t materials are placed 
over less c.lean materials. .! management uni t is thet slllSllest volume of 
dredged material for wnl.ch a separate disposal. decis,ion can be made Ci.e ., a 
u.oit to be mauaged separately) . A given volume of , ,edi.ment can only be coo
sidereu a management unit if i t is capable of being dredged and managed sepa
rat-ely from a.ll ocher sediment in ciJe project. !hls r,equires that management 
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unit be properly def ined r elative to dredging ( e . g . , t hat c ut depths, and 
silunl locations and lifts all be considered in the f inal. description of a 
raan<1gement unit). Therefore, the decision on acc,eptabillty or unacceptability 
of material for. unconfined, open- wate r disposal 1.s aade on individual maoa;;e
ment uni ts independently of other management unit.s withi n the project. 

0.JC'o?dged ma t erial. management un.its a re summa-rized ln cable II. 4- l. These units 
are based on 1) the cut depth at: which d redging w·U l be perfomed (Le ., su'l'
face or subsurfac.e sedimen t s of cbe dredging prism) and 2) t:he level of con
e.em based on historical evidence of the extent o:f chemical c oncentri,ttoas in 
tlie dredged area ( i.e., area rank ings; see cable '[I.3-1) . 

TABLE 11,4- 1. DREDGED MATERIAL MANAGE},ENT U1'/ITS 
FOR FOLL CHAf\ACTERIZ,;.TIUN (a) 

Couce:ru 

U>w 
Low-moderate 
!1\/der a t e 
High 

Surface Sediment 
Great:er Than 

4 ft average cue 

48,0UU c . y. 
32,000 
16,000 

4,000 

Subs urface Sediment 
Less Than 

4 f t ave.rage cue 

72 ,000 c . y . 
1,8 , 000 
24,000 
12 , 000 

( a) Each mana~ement unit i s the volu□e of sediment t hat may be charact:erized 
by 4 single analysis. 

4.2 Patchiness of Sediment Chemical Distribut ioni; . A major difficulty in 
identifying problems of chemicals of concern by toxic pollutants in Puget 
Soun.d i ·s t he oa tclliness of the cost: severe chemic,u. concenc ta t ions. The crit
ical question· was how to adequately salllple a prop.,sed area foe dredgi ng to 
cha.rac t er i.ze t he potential chemical <l istcribution. A range of s;i,opling strate
gies wa;; considered . At one end of this range, a large ntlmber of samples 
could be collected and analyzed individually . Ali.bough expensive, thi;; 
appro<!ch would yield the most in£ormat:ion concero:lng the pacchine.ss of sedi
ment cheu,icals, and would enable effective assessrnenc of dredged materla l for 
disposal. Al t ernative.ly, the large number of samples could be composi ted inco 
a single sample for a nalysis. The subs~aocial co,;c sav ings for resting by 
chis approach would. re.sult in an estimate of the average concentra tion in the 
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dredged wateria.l. mattagement uni t , but rLu in£onna t:ion on th<' v,Hi6bility ui the 
concentration, I f sedimen t chemical conce nc1:a t io11s were patchy, t his ap])toach 
could tesulc i n th-= unc11~fioed, open- water c.ispo~1al of a volume of dricdgeil 
ma terial. ~ha t exceeds acceptable guidelines, or (mo r e co!lllllonly) :n the 
rejec t ion of a large amount: of d r ed5 ed mate r ial t l1at: was well beloY the 
a cceptable guidelines. 

'rhe sampliug in:ucedures, while not fully addressing the high de~n,r., of chemi
cal var:liability known to exi st in sedi10eats, at l.east provide consis tcnc_y in 
t he assessment uf dredged material cne1Jlical s of concern. ThiG consiste nt 
asses·,;-ment of cbe_ chemical risk is the reason why· sampling and analysis 
r equiremencs (p~r unic volume of d r edged mater~al) were not decreased for 
l a rger projec.:ts. Alchough employed histori cally, it i s uot believed t hac 
reduced siillpliog for l arge proJeccs is jus t ified solely on a cosL reduct ion 
oas i s, and i s only appropriate in sediments in 1ybjcb <?. hem1cal c oncentraciona 
do no t vaxy subsi:antial l y. For t he Phase I study area , fe" horJOflenous .•edi
meot s are expec,ted t o be found ict the ma sc active dredging area s ( e . g., i nd us 
tr:.alized rivers and waterways). 

The PSDDA procedures allow t he ctredger to demonstrate t ha,: the V;,ciabiU ty of 
chemica.L conoenttations in c-be dredging pr i sm does no t warrant the collection 
of che recommended number of samples, 'l'yeically, chis cleJJ1o □ s tnttion wou l tl 
r iaquire a piloc study to address chemical va1'iability at the proposeil dredging 
site and to ca!ctalate the number of s amp,les needed Lor .analysis . 

There may still be considerable chemical heterogene.l,ty wi thi n a manaiement 
unir . EPw'C fully recognizes that multiple analyses are needed t o address 
i nt rastat ion variability . Howeve r , chis replica t i1ltl greatly adds to t es t111l! 
costs ,md does uo L g reatl y add t u W e confide,,ee in c.harncte-rhacion. EP\iG 
t hei:eiore concluded t ha t testing f unds snou l d be f ully allocated -co dec r eas i ng 
tne size of Llte managemenc unit ra ther cl1an h.a-ving int.rasc.acioo r.epl,ic.ac..es for: 
larger management units .. 

~ • 3 Sampli nls\ !1e mods and Dep c hs. 

4 .3 .1 overview. kecomJJended sampling r equirements f or 1redged □ateri~l dis
posal assessments have been defi ned by a Regional Arlmi 1us t rati ve Deci s-ion 
( ~xhlbit 1!) . l'lumb et . al (19'!!1) pcuvide adai t io,nal revie<i of and guitlauce 
f or the design of- sampling plans. The number of required samples .3:nd analyse~ 
( comµUbl t~dJ ls based on the volume uf sediment involved, t ne s uspected level 
of chemicals of concern (i.e . , area renking), and anticipated d redgi ng eut 
deptJ1 . i'revious sampling 11rograms were not as directly r claced to ct,e '\lolume 
of s edimenc r epresented by a particular project as now. 

~ . 3 . 2 Number uf Samples and Analyses f or Full Charac t eriza tion . 1'he total 
number of sediment samples and resulting composited samples for analysis for 
full characce ri11:a llon of dredgi.og projeats of d iJ: f eri ng area ranks and secli
ment depths are sh own in table ll .4- 2. Sedi ments with a h igh level G ot c hemi
cal coocentra-t:ions (h.:l,gp. area rank) represent a gr.eater environmental risk for 
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unconfin"d, open--wacer dispo-sal chan do sediments with littl~ or no chemical 
c~ncencrations. EP~ has identified four are?. rankines chat descrlbe cne 
chemical con<.:erns of area sediments (section II .3- 1). Sampling and analysi,; 
guid~lines ar~ based in part on those rankiogs. An example applicacton of 
these guidelines i s presenred in sec t ion ll.4.4 . 4. 

Area Rank 4 

Low 

Lo•s- Moderace 

Moderace 

High 

IAELE TI.4- 2 . SAMPLING A.~D ANAl.:/S1S GUlDE:L.lN'ES 
"FOR rnLL CHARACTERIZA'.rIOW 

Maximum Volume of Sediment 
Represenred by Each Sample 

c.y. "1,000 
Abo·1e Below 
ft Depth 4 ft Depth 

8 8 

8 8 

4 4 

4 

Maximum Volume of Sediment 
Represented by tach Analysis 

( Sample Composites) 
C. y. X 1 , 000 

Aboves lleldw 
4 ft Depth 4 £t: De_pth 

48 72 

32 46 

lo 24 

1. 

Once rhe area ranking is identified and the project size is known, cbe number 
of samples that mHy be composited for analysis ca11 be <le termined according to 
the standards shown in table II.4-2. I t is assumed t bat most samples to be 
tested wiJ.l consist of composites from several sedimeo c cores. Pr ojeccs 
tlefi ned by a "low" area ranki,ng require fewer samples per projec t volume tban 
do similar sized proJects with higher levels of concern . The face that sedi
ment chemical levels and dis tribution variability typically decrease with 
deµtrL (at least a t a depth of several feet) was a.lso recoanlzed . Hence, sedi
ments from depths greater t han 4 feet reqiure fewer analyses per Unit volume. 

Osu of 1 foot instead of 4 feet as the cut depth of the surface oanageaent 
unit was evaluated. Four feet is the typical cut of usually available dredg
in& eq uipment (+2-foot vertical tole-ranee) . Special equipraenr can achieve 
cuts of +0.5 to-1-foot vertical toler.ance, rhough it is often unavailable. 
El'l,G aSS~med that conveotional equipraeat and a 4-foot dredg1ng C ll"C wou ld be 
preferred by dredgers in typical situations; however, past experience suggests 
tnat a sample composited over a larger cut contai oing a small sublayer of high 
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chemical concentrations wui S'ti.ll not be acceptable for di sposal a t uucn11-
fined, open- wacer sites . lience , in a r eas of k.no;rn wn:y hi,;h clielllical c.oncen
tracio ns (e . g . , pr eviously sampled areas, EPA Superfund site s), a l - £001: C1Jt , 
and use of special d r edging equipr.,euc, may be a n,ore ieosc - etfcc ti ve oo Lioo 
( because a smalle r volume o:f material. may reqnin! res t rictions on dispo s a l ) , 
antl should be considered by t he dr edger. 

The mi ni mum numbe r of samples requi red for a p r oject o.an be de t e rnd ned with 
clle following procedure . 1'.fcer the area r anking i~ }qir.,IJLJ, the volumes uf 
se•d imeoc. above and htlow c he 4-foot cue dept:h are! calcula t ed. These volumes 
are divided by the sampling anti analysis requ i rements for t l!e appro11riat:e rank 
( table II . 4-2). The allocation of samples and .aci:al yses ( i. e . , t he t:ornpo s-iti ng 
plan) is a subseque nt s t e p cbaL is ~erforu1e.d on •• c use-by-case basis , Addi 
tional analyses beyond tW,s minimum number @ay be! required to achieve a work
able dr~tlgi~ plan (i . e . , w_be re very diiferenc se1d iment cypt::S \liar rant: saparate 
decisions) . 

The minimum number of samples and analyses requi.c·etl f or a_ 1,r,, j ect will be 
de termined prior t o lnit.iation of sampling . A aa~pling scheme would be devel
oped based on inft>rmation on t he project suba.itted by t he appli.CdD L d uring the 
initial rev;iew pruce.ss . The sampling plan s hould be de ve l oped in close co01:
dinati on with Corps, El'A, end Ecology reµ r esentat ives. 

4 . 4.3 Positio ning Methods £or Stat i on Location. Protocols f or naviga t ion and 
pusltioning tedtniques wen, developed by work spa,nsored by ?SDDA in c;pnj1rnc
~ion with PSEP. These protocols are summarized in exhibi t E.12 (Tetra Tech 
l.9861!. datl 19861) . Sample locaclon for dredge(! mate r ~al tescit11, r.equ i r es hi gh 
positioning pr ecision. Ibis requirement stems ft·om the link be.ween sample 
l ocacions ,.nd t he ne-ed for construcr ion- level det:a:il in cl1e d redging p l an. 
Sampling pletns must be designed t o allow the dred.ge to di scretely ( i.e., 
repeacaiJ.le accura..c:y -:.1 m) remove Jifferenc mc1nagetlllen t unii:s. 

4.4.4 full Characceri.zation Sampling and Analysis Guidelines Case Study. A 
s.L:iplified rlre(fging case study i s pr esented in chis section. The case s t udy 
illustrates cbe application of PSDDA sampling and anulysi& guidelines accord
i nz co the· seven seeps i n cabie I I.4-3. The case srndy ls a projecc -1ocatecl 
in au industrialized wate.r.ay and i nvolves the re:Jlloval of 49,000 c .y . to widen 
a c uann.el . The dimensions of che project are shu1\-rn 1n f.!gu1:e 11 ,4-1 . A ne,.J 
c ue ·co a m'atlll!ll1ll oi ll. feec 1s planned along a 6,000- f oot s egment , 

Ste~ 1. Deter mine Area Ra nld.ng . A.r-,a rankin.g ts de ter.nilled by revie w of 
existing inf o rms tfon concerni ng the pot ent ial £ or· encountering containing 
ctliemica.ls of tone.em s ediments i n tile p roj ect sediments ( sectioa U - 3 . 1) . The 
project is r a nked "lligh" based oo tile l ocation lt!. an industr i alized waterway 
and mulcirle potentia l s ou rces of cbemiaals of c vncern. 
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TABLE 11 .4-J . SUMMARY 01' STEPS USED IN APPLYING 
SANPLl!,G Alm ANALYSIS CU1D£l.nms ( a ) 

1 . Det ermine area ranking (cable II .3-2) . 

2. Estimate the dredging volume above (i .e., surface) anrl below (i . e . , 
s ubsurface) the four foot cut line (figure 11.4-2) . 

3 . Using t he sampling and analysis guidelines ( cable !I.4- 2) for the 
appr opr iate ranki ng, calculate t he total number of sampl es and analy
ses required for the vroJecc . 

4 . De t ermine tile dredgitig plan (e. g . , dredging cues in lifts, cuts f r 11m 
the base of the slope, or c ut s by completing successive segments of 
t he channel) . For an example using cuts in lifcs, see figure I I . 4- 3a. 

5. Def i ne dredged material management uni ts (table II .4-1) based on t he 
calculated t1umber of analyses and che dredging volumes a bove and belo,.. 
t he four foo t cu t line. 

6, Allocdce the calcul~ced nurub~r of samples (£or exampl e, figu?e 
ll . 4- 3b) . 

7. Oeten 1ine t he compositing plan (for .examp l e, figure I I. 4- 3b) . 

(a) An exaopl e case s tudy illustrating the application of PSDDA sampling and 
analysis gu1delines is presented in section II-4.4.4 . 
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Figure I1.4• l. Plan view and cross section of example dredging projeci. 
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St:ep 2 . Lscimate Dredging VolWlle. 
4- foo t cut line and subsurface dredging 
be esdmaced . IJsiog figure II.4-2

1 
the 

2e,ooo c.y. : 

The surface dredging volumQ above the 
volume below the 4- foot cut line must 
estilllated volune for t lie su,face ts 

(hori~onca~ surface) 

4 1 cut x 20' width " 6000' length 
27 c.£./c.y. conversion factor 

+ 

(slope surface) 

4 1 cut x 12' width x 6000' length 
27 c . f ./ c . y. conversion factor 

(Note: The calculat ion of a discrete slope s urface is often not an esseocial 
seep, especially for routine maintenance dredging . ] 

The estimaced volume for the subsurface is 22,000 c . y. i 

7 ' cue x 14 ' widen x 6000' lengt.lt 
27 c.f. / c.y. conve rsion factor 

Step :3 . Calculate Total Number of Sawples a:nd Andyses. Using t he sam
pling and analysis guidelines in cable I I.4- 2, t~e number of samples needed 
for characcerizi~g t he sutlace material is seveo: 

28, 000 c . y. in the sur.face volume 
4, UIJO c . y . maximum voluwe represented by eaeh sample 

From Lab le tl . 4- 2, the nl!Jl!ber of analyses ( sample composi.tes) needed for cJ1ese 
seven surf act samples is also seven (2U, 000 c, . y . / ,4, 000 c. y . maxiwum volume) . 

1he number of samples needed for t he subsLtrface r.i,3terial i s six: 

22 ,0UO c.y. in the s ubsarfac,e volume 
'"--'-,.---,.-4, DDD c.y. maximum volume represented by each sample 

From cable 11 . 1,- 2, che number of analyses ( s,301ple composi tes) needed for tLese 
six subsurface saQlples is two (i .e., 22,000 c.y ./12,000 ma~imum volume repre
sented QY each analysis). Therefore, t.he to t al m1mbec of samples needed for 
the project is 13 (seven surface a nd six subsurfa,ce}; the total number of 
anal yses noodea ls nine (seven s urface and two subsurface ) . 

t.tep 4 . Determine Dredging Plan. There are ,3 number of ways to conduct 
dredging for a p-coject like the one desc-ribed in this case scudy. For this 
illustrat ion, itc is a ssumed that the d.+edged mace:ria.l will be removed in chree 
vertical lifts (J:igure ll.4- 3a) for the ent lre leing th of the channel ( i.e., no 
segmencation is assumed). Each lift is approxi mately 4 f.eet in cue dep t h 
(figure II.4-Ja). i1any projects may have a subst,3ntially more COJ!!plex dredg
ing plan t ban that assumed here. This complexity would need ca be app r opri
stely reilected in t.lte sampling ?lan. 
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Figure 11.4-2. Dimensions of example dredging prism used to estimate 
dredging volumes. 
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A 
2·0 CRO·SS SECTION 

LIFT 1: 5 SAMPLES, S ANALYSES 

LIFT 2: 4 SAMPLES, 2 ANALYSES 

LIFT 3: 4 SAMPLES, 2 ANALYSES LIFT 1 MATERIAL 4' 

... . . .. . . 
' ... 

B 

COMPOSITE 
A!IALYSES: 

LJFT1: A 
B 
C 
D 
E 

LIFT 2: F 
G 

LIFT 3: H 

---t- - J: __ 
LIFT 2 MATERIAL 4' 

-----.--1--
UFT 3 MATERIAL 3' 

SAMPLES 
USED: 

1 
2 
3 
4 

5 

6, 7 3 .. 0 CROSS SECTION 
Safblc, 9a/b 

10, 11 TO1,AL: 9 CORING STATIONS 

12alb, 13alblc 

Figure 11.4-3. Example of (A) vertical litt,s in dredging prism. 
and (B) allocations of samples among lifts. 
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SteP. .:, , Define Dred«ed Ma t erial Mana emenc Units. Tbe nine analyses 
determined in Step J allow nine management uni ts see sec tlon ll- 1, . l) . 1'he 
management units must be defined ai;cording to tl.te dredgi ng plsn, in this case 
allocated a mong the three lifts . A dredging area ranked "higJ1" should have no 
more than 4,00() c.y. of s urface mat erial represenced by a single analysis 
( table ll . 4-1). Hence, rhe first lift of material (figure !I.4-3b) cepresents 
4-5 of the analyses : 

l l 
[ 41 cut x 10' width x 6000' length ] 
[ 2/ c . f./c.y. conversion factor] 
[ l 

4 . 00(J c .y. maximum volume chaucterized by a singl e analysis 

Tae two remaining lifts are similar ;in tlleir relative distribucion oc' surface 
and subsurface material (figure ll .4- 3b) and would likely warra nt simil ar 
treatment . Therefore. le is appropriate to ass.i,gn five analyses (composites 
A- E in fig·ure J.1.4- 3b) to the surface l:!,fc, and rhe remaining four analyses 
(<!omposi ce.s F-1 £igure 11.4-Jb) can be alloc-i!ted between tl1e surface (slupe) 
and subs11rfaoe mat e rial of the two l ower lifts. The two lower lifts could 
nave one analysis eacri .for t he material- nn the &loµe t>f t he ~redgiue prism, 
aod a second analysis for the subsurface material io each lift. 

Step. 6 : Allocate the C.alculated Humber of S.amples. The 1Hsi:rlbu tioo of 
samples among lifts is shown i n t hl:ee dimensions in figur~ I I.4-Jb. The 13 
required samples ( sample-s 1, 2, 3, 4, 5, 6, 7, Ba, 9a, 10, 11, 12a , and 13a} 
can be alloca·ted t o each of the l.lf ts as follows : 

o 5 samp les to the surface 11£c (samples 1- 5) 

o 4 samples to tbe surface ( slope) material 0£ the lower two lH"ts (sam
ple~ 6, 7, 10 , 11) 

o 4 samples to the s ubsurface ma ter ia.l of t :he lcwe t two lifts ( samples 
8c1, 9a, 12a, 13a) . 

1'llis sample allocation cllrectly reflects t he degc,,e 0£ poc.enc.ial concern for 
surface and subsur£ace material as built 1nco the volumes based on sampling 
anct 60alysis guidelines . 

Step 7. Uec.~rmine Compositing ~lan. Compositiag is not required for the 
surface lift, as the o.umbe.r of samples and analys,es (composites) are the 
s,,me. Rowever, the sampling stations should be Located io coosideracion. of 
the subsurface sampling requireme.nts because the ,core samples can be segmen.:ed 
to represent. the different lifts . i\n appropcia t e, nonr.a-odoia field sampling 
pla.a for th.is case study is stto1m in 3-dimension in figu~e II.4- 3b, and in 
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Figure 11.4-4. Plan view of sampling stations in dredging prism. 
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Storage and Archi ving of Sediment 
for Chemical Tes ts (con.} JUne 1988 rev, 

plan view in figure Il. 4- 4. The sampling plan ces,ults in nine co~ing sta
tloas . Optional sampl es Sb, 8c, 9b, 12b, J3b, and, De can result inctd€,J1tally 
wh@n the coring device jg used co ~a ther mater:ial fr.om a h.igher 11ft (e .g., 
samples 2, J, 5, and 7), The lnclusion of these opti-Onal samples l n the 
appropriate composite .for- each l ift would improve the re.p,:esentaLi"n ot the, 
dredg.ing pri!!l:I, and would not increase analyi:lcal cost:s, 

4.5 Sample St01:age, Archiving, and Management. 

4 .5 ,1 Scornge and Archiving 0£ Sedim:ent for Chemi.caJ. Tes ts . Storuge .and 
arclliving procedures for sediments are summarized irt "Recommended .P r o tocols 
for Measuring Selected Environmental Variables in Puget. Sound, " prepared for 
l'SE.P ( Te·t,a Tech 19861) , Sediment samples fo?J che,m:ical analyses should be 
stored in appropriate containers (e.g. , solvent-cl.eaned glass jars for organic 
analyses), and stored in cite. d~ r k .at 4 degrees C £or B maximum of 2 >leeks . 
Free2ing of Sal!lples at -2.0 degr ees C is recommende,d co fur ther retard chemical 
changes, and is requu-ed -fo-c samples stored longer th.:1:n 2 weeks . The effects. 
of loog-cerm f re~.zing at -20 degrees C have not been deter-mined for all chemi
caJs, hue fro~en stor age £or up to 1 year has been. accepted f or Puget: Sound 
investigations (metals and some organic chemicals have been shown to l)e stable 
for much longer time periods ) . 

4.5. 2 Storage and Archiving 0£ Sediment fqr lliol c,gic?.J.. Tests . I t is 
reco,;,mended that archived sediment sample$ for bi.ological te5tiJ1g be storcfl 
for no more than 6 weeks. these sampl es snould be stored at 4 degrees C and 
sealed with a nlc.rogen gas layer above che sediment surface. Without a 
nii:rogert atmosphere, some significant changes in the toxicity of samples have 
been documented £or samples ,;tqc.ed for '1 tc 6 weeks. S.tudi es at: the EPA Envi
ronmental Research Laboratory 1st Narragansett , Rhode Island (R\lbenstein, _N., 

June 1986, personal. commUrtication) suggest 1:ha t a o:i. trogen acmos·phere. in the 
sample scorage container preserves the quality of tii~ sample over this time 
period . 

Scorage trader nitrogen for more than 6 weeks, while discoi.rragecl, ;rill be 
acceptable pend.ing more definicive information concerning the effects of 
storage on bioassay r esults . Free.zing of sed.lrne.nt prior to biological tests 
is not allowed because toxicity responses may increase (or sometimes decrease). 
A likely explaoat.l:on is that freezing alters the physical strucr:ure of the 
sediment, which may rl:Lre·ctly affect to::d.dty or tl\e bioava:(labili£.y of chemi
cals of concern . An increase in to:d.i.;icy over cime was found l.n 20-Week stud
ies conducced at the Corps Wa i;erways Tu:periraent Stacion 1,1 th sedimenc. sclmples 
stored at room temperature:, 4 degrees C without nitrogen, and at freezfog 
ter.tperacure (Dillon, T., J une. 1986, personal communication) . 

Storage pr ocedures s-pecified by PSDDA differ from those recolllOende.d by .:be 
PSEP protocols (see section I I-5. 2.2) . 
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4 . 6 Other Issues . Several additional is·sues related co sampling were 
addressed , illcluding the iollowiag : 

o Dilution of wacer ial containing high chemical concentr ations with 
ma terial containing low coucent ratlons -- this pr ac rice 1s acceptable 
wi t hin a management unit (by definition the smallest vo l ume of mate
rial requiring separate anal ysis) because it is an a rtifact of cora
positing. However, di l ution of sedimen·t cbemicals by combining man
agemen t units is unacceptabl e because it 1s counter to che concept of 
a management unit (see section I . 6 disca~sion of cdxing). 

o Su bsaJ:1ples for larer analysis - a subsample from cores collected at a 
proposed dredging si t e should be archived for l a l ec a□alysis as i ·ndi
cated by the results fo r overlying sedime nts . Visibly different sedi
ment layers within a core sec•tiou should be disc re cely a ·rclLlved fer 
poss ible later analysis . The results of such anal yses could influence 
clte d r edgiug pl an . 

o ~o mposiciag plans - composit ing of several samples from a single man
agement uai-c potentially compensates for the variabliltiy oi c.nemi cal 
d.lstribut ion Withln t.he sedi1Dents. C□J!\posicing plans a r e needed for 
.approval by regulatory agem:ies prior co sampli ng . Some pro jects, 
especially smaller ones, c11n be efficiently sampled before t:0101,ositing 
is considered . 'rhis sampliog allows visu.al observat i ons to i nfluence 
compositing and dredging pll!ns. Prior arrangements 111rll th!! regula
tory agenci es are needed £or this option. 

D J;ocWllenta tioo -- each cor.e J3hould be photographed afcer che core liner 
hils been sp.lit o pen f or sampling . Adjus t anents co che compositing 
plan, vhic!J raust keep within t he cequiced sampling irrcensity of tbe 
approved p.lan, are necessary and encouraged, wit h appropriate documen
la tion. 

o Push core sampling -- projects tha.c use unlined push cores, of ten used 
wi t h small projects and shallow cut depths, rely on extrusion of t he 
sample tram the core. Push cores prevent easy photo oocumentatioo of 
softer sedimen ts, alt hotlgh lenses within t he cores may still be sub
sampled . . Despite limitations, th;,se sampl.:i.01; devices a r e considered 
acceptabl e. 

o Grab sampling -- such sampling is not preferred, but may be a ]Jwropri
a te wtten l arge volumes of sediment must be collected from t he. surface 
martagement unit, or when t he dredge cut is shallow ( e . g . , lass chan 
2 feec). 

o Sauyle tracking - - VSEP protocols for sample cracking and a ud1c1 ng 3Te 
i:equired (Tetra Tec h 1986) . Proper chain -of-custody pr ocedures enable 
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t11e pusse,ssion of samples to te c tacecd f ,:,or.; colleecion Lo cinal dis
position. Pocuments needed co maintain proper c ha i n-of- custody 
includ e field l1J1tbool< , saraple label s, chain-oi - i:usco<ly tecords, and 
custody seals ( ooly needed \.lb.en the data may be used in CO"-rt proce~ 
i ngs ) . The minimum in£ormation t:equ_ired in a s,.mple cracking log 
includes sample iden t ification number, l o,:ation end condition of s t o r 
ageJ da t e aod t1me of each removal of and recu~n ca storage , signa cure 
of the person r emoving and returning the ,sample , reason for removing 
fro111 storage, a nd fin al d isposition of i:b,~ sar.ip.Le . 

5 . SAMPLING AND TESTING SEQU ENCE 

\/lien tht< assessment of available information indi,:.ices t hi, need _foe furth er 
sampling and analysis, a cost-effect ive sequence ,of act ions is necessary , The 
sequence f or sampliI\g ac cioos is Gu!lllllari zed i n se,:tion 5 . 1. 'fbe testing 
sequence is summarized in s ection 5. 2. 

5.1 Sru:ipliog Sequence. Biol ogical testing of sed.imenc will be c:equired onJ.y 
if the chemical conceui;rar.-ion,i l ies within a c-ert,dn range ( see section 
Il- 2 .4 ; 11- 7 . 3, and 1-1-7.4 ) . There are three saurpling choices fo r t he dredg
ing applicant: 

1. Collec t s ufflt.ll!nt sediment f or al l chemi,~al and biological ·cescs 
po tential ly requited and r u_n t hese tests 1~oncurrently. 

2 . \.ollect s uffioJ,ent sediment as above, btrt a rchive some r.1ateria l pertd
ing t he restl t s of the chemical analyses . 

3 . Lollect only enou&h s edioenc co cond ucl tl.1e cheQical analyses ,1nd, if 
biol ogical t es t il\& i ~ r eq ui;red, resample che site . 

The sanpl iog strategy may be selected by the dredger w.Li;h app ropr iate c oordi
nacioa with t he PSODA agenc.les . The first a l ternistive is the least t i me con
s umi~, and is likely the most cost-effective wlte:n Lbe need fot: biological 
cesting is expected, Because alternatives 1 and 2 provide. cher.1ical and bi er 
logical data ou subsamples of one sediment, their use is encoueaged because 
additio nal information will be gained concerning t he relationship between 
sed.lmeoc cbewistry and biolol>ical effects . This ·Lnformati•>n wi.11 be usefw to 
expand. tbe sedime11t qu.ali t y data base for fur ure euget 5ound-wide needs ( s ee 
section 11-14.3 ) . 'r he.se al t e rnaclves also p reclude addi t ional mobilization 
and demobilization cost-s thac would be !Cequired f,3_r resampllng efforts. For 
i;h., al.tern'1 tive" 2 and 3, t he µroced.t!r es balance t b.e cos t consequences qf each 
opcion. For alcernacive 2 , s t orage procedures for sedimen t s co be u_sed in 
bi ol ogical t esting a r e recomme nded ( sea section 1,I. 4 . 5 . 2) t o a llow chemica.l 
tests t o be compl eted first. For alternaci ve 3 , biological cesting of sedi
mentii -resampled ac cb.e same stations w.t.tl1out rean.alysis of t he sediment cher.,
istry is allowed, 

11-60 



J 1rne 1S88 rev. 

5.2 Testing Sequenl!e , 

5 . 2 . 1 t.:hemical and 8iolog1c:al lesting of Marine tiediment:s . Aft<>r samples 
have been collacted I the following tes:ting sequence is begun: 

Tie,:: l: 6illk chemical analyses 

TLer 3 : Acute torlcity bioassays 
Dioacallll!ulation analyses 

I/hen existing data a r e inadequate, c hemical tests (see sectic>n II-7) are the 
first tier of tescing (Cit!r 2) in the ovi!rall ass,esswen c , un~ess t h e dradge r 
opts to Jlu'tsue biological testing dfrectly (see s,ection II-2.5). Biological 
cests (see section Il- 6) comptlse tne second Lier of testing for dredged inace
rial, bu t are conducted over s r e l atively wide range of chemical concentra
tions. Or:edged material with inter1nediace chemical c.oncentrations conS1:itutecs 
a chemical "g r a y zone" t hat must be interpre t ed using biological cescs. 
liesuli:s of these second tier tests, r ather than t'he chemical cesLs, delecmine 
the acceptability of such dredged material for unconfined, open- water disp0Ba1. 

to reduc.e t esling cos t s, chemical- specific sediment quality v,Hues are used a.s 
broad screeni ng tfJols for identifying when biological t e sting is necessary to 
mai,c1c a disposal decision. Only at l ow chemical conce_ucratlons c:,; o tllese val
ues iudicate wneo dredged materlals are c l earl y acc.eptable and c..l.~arly unac
ceptable 11ichouc furch!!,r biologictl testing. At very n igh concenu,,;c1om, 
(i.e ., .a bove the l-!L), there is reason to believe that che dredg"d material is 
unacc.epcdble for uacottfiaed, open-water disposal. The dredger bas the oprion 
of acceptilll!, the indications of the chemical maximum levels, o r of conduc ting 
auditiuual oio1ogic:al te.stiog (see sec tion ll- Z. 5) , 

5. 2 . 2 Prococols. Sampl.,ing and t es t i ng protocols t o be used with t T1e l'SDDA 
evaluation procedures art general.ly those cecommended by PSEP in t heir "Recom
mended Protocols for Measuring Selected Environmental Variables in Puge~ 
Sound" (letra Tech, t<,86) . lvhen available, and wbetever possil;le, thr: srnn
dard PSEF protocols will be requJ,red for d redged maceriol sampling and t est
ing. Those exceptions co che scandard protocols are suo111ari2ed here. 

Several of the tests i:equired by- t h e PSDDA evaluation proc:e.duri,s are not c ur
r,;ntly addressee in ·tne PSEP protocols ( e.g . , CJeasureiaents of ammonia in sedi
ment, 11acoma bioaccumul a tion exposures, j uvenile bivalve acute toxicity tes t 
ing, water colulllll, larval rescs, etc.). Foi: SOJl)e o_f these measuremenLs, othe·r 
available protocols were specified (e . g ., for ammonia and water column larval 
cests), , lre :cemai ning t ests are relatively simple 1:0 eon duct and can be done 
by adapting existing protocols and using availabl e lab r:xperlence ( e.g . , juve
nile bivalve test.ing, Nacoma exposures). 

Several medi.ficatioos co the !'SEP protocols are needed in order ca adap~ them 
to dre-d_ged material. assessmencs . These a r e nobed below. 
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The PSEP pro tocols speci fy a hydrofluoric acid/aq ua regia d i gest for me t als 
maJ.ysis in sediments, a total add d1gesc tha t is :i r.elaUvely rnu rough 
ext ract i on of sedl,ment metals . !\tld!tiona l compar ison,;_ are r ecommended be.ween 
the i:wo dige s t t echniques co asse ss whether sedimeut metals data de rived from 
this digest wiU be f ully comparable co c.he s cree•ning and maximum l evels 
de r ived from pas l Puget Sound data . 

Two modifications of che sedllnent t oxicit y bivalve l,~rvae tes t are specifie.d. 
Firs t , t-o allow chemical_ tests t o be conducted prior to biological t ests 
(tieri ng), sediment s t or age will be allowed beyond tbe- PSEP recoraraended limit 
t2 weeks i n che PSEP protocol ) (see section II- 4.5. 2 f o r stor age requirements 
sveci.Eicd ily PSDDA) . Second, dissolved oxygen (D{l) in the Larval tesc me~ium 
wi ll noi: be allowed to drop below 4 ppm du.ring the test ( as recommended by 
E.PA/Lorps national p r o t ocol guidance) . I f a DO dro ~ below 4 ppm is ancici
paced (or detec t ed d uring the cest ), aeration of the tes t is specified , tho4gn 
.car e must be rnken not t o over a(lita t e ·thn 1,\ ediura a.ad furthe= resuspend sedi
ment particl es. in t hes e cases , re£erence and c ontrol samples should a l so be 
aerated. 

'fo ensure coraparalii li,t y with the larv;,J.. tes t, t:he embryo r e.s t sl1oul d be con
ducted wi t h. sed.imen-t presenl i □ t he tes t chamber . Tltia modifica t ion of the 
PSEI? protocol is necess ary co e ns u't'e complet:e exp,o,;u,:e of test: species . 

Finally, Mi cro t ox test s conducred purs uant: t:o the PSDDa evaluat i on p rocedures 
should · use th.ii, PSEP pro t ocol for tne saline e;;t ra,:t method . '!'hough the PSEP 
p ro toqil s s ligh t ly d.isc·ourage wide spread us e of t h is extract pending fur the r 
deve.b;pm~otal work witll t he tes t, r-ecent studies {in Puget Sound and San Fr aa
ciscb Say) s uggesL thac t he saline extrac t method i s pe.rfer r ed ove r the 
or g,rni c ~Lract met:hod when comparing t b.e l1 i croto!K tes t co 01:he r lab and fieJ.-d 
biologi cal i ndicators . This is thought to be in part due t o the saline 
exL r;;c t better repr esenting t.he b ioavailable ft:ac t ioa of sediil\ent chemicals of 
conce rn. 

5 . 2 .3 Dat a Verification. Verif i ca tion. of te.st: r ,esul ts is an il:l;>o r Lant pa-rt 
of the age ncy review process £or d r edging permit ,a!)plicat ions. Data verifica
tion a s sures c.hat t he da t a p r ovided with these dppl i cations ace t e<:nnically 
appr opriate. Ver ifical:iou procedures will be inc.luded in the user manual for 
i□pleuen.:ini, che !'SDul\ pl an (s.ee !>tP'rA) . Th.ese p111,cedu:ces will addresti the 
ex-ceilt to which dace can d evia t e from optimal s r a,odards and still be con
sidered acceµ cabl., . Application of t he proced ul"1'!,s will e nable manageu ( e . g . , 
envi r onme nt a l officers , permit officer s) to detertnine ;:he relevance of data, 
l.uc.luding whether tile daca we-re generated using sJ~ecified lnt,tllude and wherher 
c.he res ults 1:eported are wi t hin acceptable lim.i t s ·. The developmeni: of data 
verification procedures requires application of ~<perienc~d professiona l 
judgment a nd r-eview. 
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5 . 2 . 4 Parcial Characterization . For relatively l arge projects the dredger 
may elect t o perform part-.i.al characterization (PC) of sediments containeci i n 
the proposed dredging area if the dredger is of th:e. opinion" dtat the project 
area is over ranked . The partial characterization Js based on chemical 
analysis of a limited numbei: of samples . Lf th.is analysis indicates that ciie 
,area has been over ranked, then down rankiag is po,ssible £or full character
ization '1bich may substantially reduce i:he overall cost of sampling and 
test ing . 

Full clw.racterfaation (FC) of dredged material includes sampliog, compo11iting 
and testing as a basis £or regulatory decisions on" the acceptabilit:y 01' Lhe 
material for unconfined, open- water disposal. FC guidel i nes are presented in 
section ll- 4. 3.2 . 

Various a,:eas of central Puget Sound have been ranked foT purpos'aS of f'C on 
the basis of known or po tea t ial -sources of chemicals of concern Cs!!e table 
li.3- 1) . Specific areas that have been ranked are classified in rable II.3-2 
as nigh , moderate, or low-moderate. No dr edging a r ea i n central Puget Sound, 
at c!:U,, cime, has been given a low ranking. 

l'sDDA agencies have agreed chat it is appr.opria te to allo'1 dredg!lr!i to pet:£0!'1!1 
partial char acterization as a means of ac9"uiring in£ormation which may allow 
classifying a specific projec"t lyi.ng within t he ra.nked area l CJl.ler than the 
overall area ranking. Withou"t PC, project: FC sam~•ling and ana.1,ys.l.s would be 
based cm the area ranlctng and accomplished in accc,rdance with table II . 4-2. 
Pt:oject rankings via PC will be based on sediment chemistry data . ll PC dat a 
for a given sampling station indicates a need f or upr anking, then the .regula
tory agencies may uprank the area in the vicioiry "of thar station and FC will 
be conducted in this limited area oo t he basis of the uptan.lcin~ . 

The &C is intended to be accomplished ac rela t ivel")r lo;r cost but provj,de a 
r e.,sonable level of confidence in ,;uppor- t of a pro j ec t r ei:anking decision by 
the appropriare regulatory ager:tcies -(Cor ps, Ecology, EPA) . 

Criteria for PC Guidel ines: 

o, Simple -and s traightforward 

o l,dectuate environmental protection 

o Provide opportuohy fol: r elatively low-cost ioit:ial samplin g and 
antlys.is that may yield substantial cost savings 

5.2. 5 Partial Characterizecioo Gtiidelines . The PC gui,deli.nes that are 
presented below ace appro priate to most dredging: ~,rojects . flowever, bec,ause 
of anoma1:ies chat rnay exist at a given project, re,gulato ry agencies may de~rt 
from these guidelines if conditions so warrant, e.g. , compl e"x chemical S"Ou.rce 
environment, ambiguous ano/ or highly v ariable <;ha1:,acterizatloa dai:,i, etc. Its 
"ith all aspects of t he PSDDA dredged ma,t e r ial eval uation pcoced\Il'es, pro
fessional judgment will be an lmpc;,r tant factot: in the deeisiorunak1ng process . 
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o PC snmpl.ing station delineation must be a pp roved in advance by t ll.e 
regulatory agencies. 

o Except, as noted be low, PC: is not a i;ubstieute for l't, but only a means 
£or e s tablisll!ag a .. reason to believe" that_ a l.ower level of ranking is 
appropriace . 

o PC data (for a given sampling station) ma;y also be used as FC data for 
characcerizacion of the upper 4 feet of the dredging p r ism (surface s edi
ments). However, PC dat a can no t be used for FC for depths bel()w 4 feet ( sub
surface sediments) . 1£ t he d redger wanes the opt:ion of using PC data io FC of 
subsurface sedimem:s, tllen FC prococol.5 (i.e., vi bra core sampling) are 
:required. 

o Dredge r may al.so be required cu 1>ecform s•IJbsurface .samp1io(l and 
analysis during PC if t here is reason to believe that su.bsurface sedi111eo1:s 
have a lower quality cban sed.imen,s io the upper •~ f eec of tlie dred8ing prism . 

u For the option of lowering the ran.klng on•= level, the n umber of PC 
samples woul d be 10 percent of FC minimum surface sample r equip,.menls (see 
£PTA, table Il .4-2), e.g., for a 100,000 c . y . project ( all surface sediment s) 
located in a ltign n;nked area the required number of PC samples wot!.ld be 
100 , 000 divided by 4-, 000 multiplied by . 10 OJ: say 3 samples (2. 5 rnunded up). 
Iu no case would less t ha:n two samples be taken. A.11 samples would be 
analyzed for all chemicals of concern. 

o For t he opt:l.oct of cwo leve.ls .of dowor anki11g, ·the number of PC saraples 
will be 20 percent of FC minimum sa-mple req uirements , but no less tban three 
for a projecc. 

o The dredger would have the option of performing a PC on subareas o f 
the d r edging pro jecc as long as those subareas we:ce selected with the approva l 
of the appropriate r e 5ulat ory agencies . A 111inimwn of t1o10 samples would be 
requi r ed for each subarea. 

u The project (or subarea) will be r anl<ed 011 a "worst cas,,· basis, i.e., 
t he sample having the highest leve.l. of 2 chemical. o£ concern will be the basis 
for cite ranking. tfo compositing l'lill be allowed . 

o Rankings based on PC data will be as foll ows: 

Hi~ - Any chemical of concern > MI. ( see rable ll . . 11- 2 for maximun 
level. (ML) and screening level (SL) values). 

Moderate - One or more enemicals ,;,f conce1ro ;,, (SL + NL)/2 and -'. ML 

Low-moderate - One or more chemicals of Cllnc:ern ;;,- SL and ..::. 
(SL+ ML)/2 
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101, - l\11- chemicals of concern below !iL 

o ec may also be used a s a reason co be.lieve Lese regard i ng the presence 
of chemicals of conce1"u . Some chemical s may be d.cl.e t ed from FC i:: not 
detected by PC and a·ce not known to be available from nearby sources. 

G. BIOLOGI~AL TESTING 

o.l ~iological Testing Issues. 
of issues were d iscussed by El'WG 
envirocunent. These .included: 

At che beginning, of the PSOilA scud_y, a number 
concerning biolo,gical testing i n the aquatic 

o Should reference sediments be used in in t erpretiou biolog,ical t ests? 

o What a:re appropri ;i te reference areas for biological tests? 

o For acute tests, \/'hat s~ecies are appropr·ia t e? 

o Should s peci es of commercial, recreational, or ecological i mportance 
be selec t ed for acute tests? 

o \,nae life stage of- t he organism ( i.e., eggs, larvae, j u venile, .idul t ) 
should be used in acu t e tests to ensure an appropriate l evel of 
s ensic iv1 ty? 

o Should sioi,;le o r multiple species be usea in <>c ut e tests? 

o Snould only demonsrrated acute tests be u.sed, with species f r om Puget 
Sound t hat can be cultured in the laoorat.ory, or should d,;,ve l opmenL o~ 
new te·s cs be considered'? 

o Should aeute t ests be conducted wicn a specialized labor;i,ory orga nism 
or with a field-representative species? 

o ,·or clt.ronic/sub.letbal tests , wtlat are t he, significant biological 
i ndica tm;s a11d associated variables? 

o In chronic /sublethal tests, should s in?. l e, or multJple variables be 
examined? 

o Are evaluation of hod, s ediment toxicity and potential water col umn 
effects oeeessary on a routine basis? 

'rhough chemical t esting is conductea prio r t o bic,log!cal testing in che te.sc 
sequence, tbe latter is addressed first i n thls portion of the text. This is 
because t he evaluation procedures we r e develo ped co avoid unacceptable adverse 
biological effects, and initially defined what i s acceptable i n. t erms of bio
logical tes t resul t s. Chemical tests were considered as a s ubsequen~ steµ in 
developing the procedures. 
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Discussion of the reference area issue is presented in sedi11n 11- 6 . 2, R~so
lu t ioo of many of t he acute. te.stiO& issues was a c.,:.ompl.ist1t:?.d by a series of 
workshops sponsored by PSEP. The res ulting acute ? rotccols are described in 
sec t ion !I-6.3 . In tltese bioassays , laboraLocy siurvival of sensitive spet:.les 
is used as a proxy for the many other kiruls of e.ffects that are of potential 
concern wi1:b dredged mac.erlaJ disposal , Ghronic/,;~blet:1, .. 1 testing issues 
(sections µ-6 . 4 and ll-6.5) ~ere addressed 1n a report developed by t he 
National Marlnl? Fisheries Service (NJ1l'S) of t he N;Hional Oceanic an<l Atoos
pheric Adlllin.istration (NOAA) £or EP\iG ( exh.i bi t E .:22) and by addit:ional 
follow- up work uy fill,'G. A.Itera t ions in biological testi og protoc111s ne~ded 
for freshwater ,;ediments and soils are summarized in section II-6, 6 . A sunr
mary of recommendacious concern.ing additional lssue~ (e.g . ; reducerl bi ological 
testing requ.lre.meots for small projects and biolo/~ical tests on "anomalo us" 
sediments) ii; presented ia sect.i<:ln ll- 6, 7 . · 

6.2 Siological Testing Reference Areas. For all biological tes t s, botb a 
control and a re-fereoce sediment will be included,. Sediment from designated 
reference bays will be used as tbe i:eference sedimeo-ts in biological testing 
for both Seo ti on 404 and Section 40! evalue1tioas. 'the primary i:eason for this 
i s to p:rovide consistency i n reference test re.SW.Its and interpretation (bo t h 
wii;hln a site over time and between different sit!!s wi~hltt Ll!e l'hase I a r ea). 
In addition, the l'eference site-s P'rovide a range of sediment grain sizes that 
allow a ruacch co ehe d , edged mate~ia.1 gr&in size :in t he biolugical r~scs. 

Biological Le s t ing reference areas ideotli.led by EFWG are isolated from con
caml.uanl 1Hscha rg1: sources, contain few chemicals of concecr1 and a t very lo'1 
conc;,e ntrat i orrs, and support Lealthy and abundant biological communi ties . 

.i::t'WG ii.as cJe,ieloped a list of recol!lmended sires £oi: clie collecLioo of reference 
maceria.1 for use in biologic3.l. tests (cable ll.6-:l) . TI1e list includes data 
on gntio ::1ize, perce.nt solidsJ a od tocal organic. c~arbon for six referenc_e 
areas that have low or unde t ected concentrations of Che cltemicals of concern 
(four potential ref~rence areas are also lisced). The li st 1s iuten<Jed to 
provide g uidance on where to collect reference sediment cnat is most accepr
~wl1= for the dredged material being t e,sted . RefeJCence sedimenLs for biologi
,cal testing would c11n:espood co the grain size di ,1tribution of dredged mate
rial. samples to conc-rol £or natural f.accors t hat: may affec-c t he Les t s . 

in mai:ching sedimencs to grain size from the -refe1:eoce areas, the ;reference 
sedi.mencs c:an furt.her serve as a 1'control" for tht~ physical effec Ls o::. g_--rain 
size an t l:ie test organisms. •rhe te.st.in_g of ref~riince area sediments can also 
acco un t for "background '' eftects (e. g . , from lo" .levels of cheruicals or no tu
ral or ganic enrichment and s ulfi des) thar may be 1ex pected even in arec1s chat 
.a::e remo te from sources of ch~mical concentratio,rn (especially io fine-grained 
reference sediments). Sediments used as controls iii bioasaay tests ere typi
cally native, aoarse- gL-ained ,;edimen~s -rnd se.rve , ,~ a consistent check on 
laboratory performance. These control .samples ar,? noc subs-tirutes f9r 
refer~nae area sedi.menca . 
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The sensitivity of t he proposed bioassay species to fine- grained s ediments and 
chemica1 constituents associated with fine-grained sedir.,eo-cs , e.g ., stJlfides) 
strongly suggests chat a sed imentological ly- similar re,fereoce sediment ls 
needed co avoid unnecessary .. failure" of the dre,cl311d materia.L I.baa assessing 
dredged material that is >;elatively coarse- grained, the option to rely sole.ly 
ou the control sedioents is accci!pt:able . 

lfneo the mor,t ality r.clte in sedittents from refereu,ce ,;reas is unusually l1i,.h in 
acute bioassay rest s (i . e . , much greater t ban io cont.ro1 samples) additional 
act.!ou is necessary .. The performance. stand-a.rd fur reference area s.a.mples i s 
not: more t han 20 1,e·rcent absolute mortality over ,control, although. reference 
area mortality i,i oi: t en less than 10 p.crcent: ( the perfoi:111aoce stao<iard for 
laboratory control samples ) . 1/hen mortaU ty exce,eds 20 percent over control 
for a reference sediment, the dredger must rerun the bioassay with a new sedi
ment sam?le from a ref~rence area. Th i s ensures that dredged ma ter ial t:e~ting 
results are compared with reference re.sults on a ic.oasisten r: basis among 
projects. 

6 . 3 Acute Tes t ing rrococols . The biologica-1 ces•ting requirements wer e 
designed to a~dre.ss possible sediment toKici ty a nd t h.e potential for adverse 
wa ter column effects, a,; necessary . l1ulti ple acute/lethal oc -,cuce/sublethal 
biological tests have been recomme nded to provide phylogenet ic diversity that 
migh~ artdress the different sensitivities of vari,ous. taxa to a range of chemi
cals. The recommended ac ute tests are available, haye been used in pas t s tud
ies, are seositiV!:! co a range of containiug dtemi,~als of Cllrtceu sedllencs, 
are accepted as measures 0£ pot:eu tia-1 environmen t ,31 coxici cy, and have inter
preLaLle e nclpoinrs {e. g ., or;;anisw morralit-y for .,cure/lethal r esLs, or ganism 
abnormality for acute /snble t hal ) . 

Sedi.oeur bit.assay protocols were the subjeci: of the FSl::P repocc "Recommended 
l'rotocols fot t'o ad ucc.iag Laboratory Bioassays on Puger Sound Sediments ." The 
ceJ)orL l s summarized in exld.bil l>-11 of the Techn,Lcal Appendix and appears in 
ful-1 in .. Recommended Protocols for Measur:1,.ng Sele,cted Environmeotal Variables 
in Puger Sound . " Those a reas where PSDOA di£fers i rom the .!'SEP p r otocols {or 
where s1:anda1:d pl."otocols are lacking) are no t ,;d b,elow. 

11- 67 



June 1988 r ev. 

TABLE II. 6 --1. SOCCBS'fED REFERENCE SITES FOR COLLECTIO// 
OE REFERf.NC.E SEDlNENTS FCR JHOLC,Ct1..AL TI:STIHC 

Toed Tota l 
Volatile Organic 

Si lt Clay Solids Carbon 
Locat ion (%) (%) ( %) (%) 

Carr I nlet 12 . 9 1.1 () . 97 0 . 31 

Samish Bay 58 .9 24.6 6. 5 1.5 

Dabob Bay 24 . 9 20 . 8 7, r:, 1. 8 

Sequim Bay 44.2 33 . 3 10.2 2 .2 

liood Caoal (a) NA(b) NA 

IUsqua lly Del t a (c) NA NA 

(a) Represea t a cive phi size of 3 .4 has been r epor1:ed £or Hood Canal. Data 
taken f r om Crecelius et al. ( 1975), Envi ron. Sci. & Technol . 9 :325-33J . Loca
tion of the saopling site was 470 54 ' 50" and 122<> 37' 56" . Other loca-
cions witnin 1-iood Canal havi ng both sand and mud <,ubstrate are also identified 
in the publication. 

( b) NA ; Data not available. 

(c) The delca is repor ted to be predominantly sand, per daca f rom Creceliu~ et 
al . (1975), Environ . Sci. & Tectmol. 9 : 325-333 . Location of t he sampling site 
was 470 06 ' 06'" and 1220 42' 06" . 

NOl'E : Od,er ,.r~as t hat have been used a s i,efecence areas include Pore ,·ladi
son1 fore S usan , Wes t. Beach_, and Bowman Bay 4 
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Ac uce biologicc1l t ests fo r dreu,1ed materi,al assessments lnclwle sever.ii bioas
say tests (10-day amp b.ipod, 10- d,.y juvenile b ivalve , and t he 15-minute 11.kr o
tolt bioassa ys , anrl eitJ:1er a 2- d,iy oys t e r larvae; a 2-day eo.hinoderm eml:,r yo, or 
a 2- day mussel larvae bioassay to assess potential sediment t oxicity ) . l.n 
.;ddi t ion, when sedilllen1: d1~mic<1l cone enc ra tlous is sufficienc t o wa=rant ccn
.cer" for wa t er column e.f:fects d uring dredged material disposal, a 4- day oyster 
iarvae test wo uld be conrlucced. These ce.sts are tlescri5ed below: 

o Amphipod sediment: bioassay - t he amphipod Rh epo:<ynias a bronius is 
e.'i:posed rn tho, test s edime nt for 10 days , af t e r wlrich ~he survivi ng 
amphipods a r e couoted . a secondary ( sublethal) response Cri tetlon, 
daily E!!!lei:gence of .amphipoas froJJ ti,e sed iment, b not recomrneaded by 
EPwt; for decisionmakiag use. llecal,lSe t he'Ce is evidence t hat sediment 
grain s ize may influence t11e r esults uf tbis t est , re!e:t en~e sedjments 
sbould be simil ar in grain Size to tes t sedimenra . l'he PSEP recom
mended protocol is used for t he ampl1ipod test . 

o J uvenile bivalve. bioassay - juvenile clams are exposed t o test sedl
men t for 10 days after which t he surviving i ndivi,illal~ are counted . 
The juvenil!! bivalve test uan be conducted usill$ a ny one of th r ee spe
cies of 1il t er- f eeding cla ma found in Puget Sound : the geoa uek (Pano
pea generosa ) , the giant pacific oyster/Japanese oyster (Crassost;=;;;
pacilica) , or the nati ve littleneck (P,: o totheca s caminea) . !hough all 
three ,ai:e commonly consumed by humans, thi! pi;-eferred t..st speccie s ac 
chis tiwe is t he geodui:k t lam. The geodu,ck i s available ill l ocal cul -
1:'ure and is also an i mporta nt compone nt of the b'entbos at the PSDDA 
dispvsal s i tes . Further, it has been applied to cwo recent dredgi ng 
pr o j ects ;ind has been used t o evaluate. a range of Paget Sound sediment 
t yp~s . However, there i ·& need £or further experience with all i:hree 
species before a firm recommendation can be made oo the bes t test 
animal. t hrough s r attdaTdized protocols fo,: th~ Juvt!a i le bivalve t e sc 
are not yet availabl e, t ,he t e s t can be run by adap ting and utilizing 
available method gi,idance (e . g . , EPA/Corps .LOJ lmplemen t 2c i on manual, 
1977 ), . 

o b ivalv~ la r vae b i oassay - d uring the f ir1t 48 hours of e mbryonic 
d~vel opl:l~nt, fertilized giarrt Pacific oyster (t.r ass osuea gi gas)1/ 
or blue mussel (also known as "Bay J1ussel aod edible mussel "') (My t ilus 
1cuulis) eggs norinally develop into f ree-swimming I Eully shelled larvae 
{Pr odissocouch I ) , In the presence of t est s ediment , egg mortality 
(i . e . , letnal eff~ct ) or the pro portion o f larvae develoRin~ a bnor-
111ally ( i.e. , subl e1:hal effec t:) a re used as toJticity i ndica1:ors . Pr.o
tocols reCo!lllllt!nded for t he btval,ve larvae tesc 8 re □odified from t hos1< 
recommended by PSEP ( s ee section II-3 . 2. 2.) . The species can be userl 

~ Al so known as 1:he "Japanese oyste,;" (R. T. Abbot, 1%8. S~as11e ils ot 
North. Araetica. Golden Press, !{e.• York ) . 
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eitt1er as an indicvtor oi potentlal sediul~nt to;ridty (pet 
Section 401 reviews) and/or co assess pot.ential water column ef.tects 
of dredged material disposal (per Sectio<1 401, evaluations). For the 
water col.umn l arval tes,:;, a separ ate oyst:er larvlle test procedure is 
used (also d~scribed be.Lo,,) . 

o £chinoderra embryo bioassa,y - as an alcern.at! ve to cite bjvtlve larvae 
t e st: , t he echinoderm embryo b,ioassay ma;t also be applicable to marine 
sediment tescing, al.lowing a wider range of life-cycle t e sting for 
this group of organisms. The echinoderm embryo bioassay assesses mor
tali ty and a bnormalities of sea urchin (Si:.rongylocentcotus purpuracus) 
embryos exposed t o toxicants over a 48- to 96- hour period. To be con
sistent w.ith the bivalve larvae l> ioassay, it is recoEllQended that tbe 
~ehinodenn embryo bioassay be conducted 1;-i,:h sediment included i ·o each 
rest chamber. As wich the hiv .. lve larvae , the recommended protocol 
for t he echinoderm embryo bioassay is a modified version of the PS.EP 
recol!ll!lendations (see ~ectiotl 11-5 .2.2) . 

o Mic r otox bioassay - the lummioesceoce of t he bacterium Photobacter inm 
ehos phoz,eum is a produce of i cs electron transpon system and thus 
di rectly reflects the metabolic sta t e of the cell. Decreased lumines
cence following exposure to an e~tract of the test sediment provides a 
quaocitative measure of toxicity. The toxicity endpoint is the con
centration causing a 50 percent r eduction in ligh t emission af ter .;i 

lS'"JD joute exposure [i.e., 15-min &ffective Concentration - 50 percent 
(tCSUi]. The assay wa,; devel oped foe use in fresiJwate.r habitat~ Lo 

assess chJ! toxicity of 1o1aterboroe pollutao·t s (Jlulicb e t al. 1981) and 
has bet:11 adapc~d for use- in the marj ne en:virom:it?oc co "ass";ss t:O)ticity 
of organic or saline sediment extracts (Schiewe et ~- 1 985; Williams 
et al. 19&6) . Recent cc,ocordance data s u,ggests a pri,ference fo r use 
0£ cbe saline extract when applying the test ro dredged ma t erial {see 
sect-1un Il-5.2.2~. Th« 11icr otox bioassay i ·s only required for Se!.!
tiou 401 -reviews. 

wnen using the oyster larvae, mussel larvae or ec'ninorlerm embryo as a sediment 
toxicity test (pe-r Section 401 requirements) the proc:edures described in t he 
PSEP prococols s houlo be used . The pz,ococols ut.i l i ·ze a tes t chamber wi ch 2() .; 
( wet weight) of sedimen t (dredged material) placed in ll -0£ seawater (about 
otte par e sediment 1:,0 50 pare.,; water). The e:q,osu,r e period is l.(J hours . For 
dredged material tests, dissolved oxygen in the t,2st med.ium should be monJ
tored a nd kept ab.ave 4 P!'III daring cb« Lese. lf n1ecessary, m1J.d ae r ation 
should be used, chough agitation of settled sedim,ent should be avoided. 

Wlian aerat i.on is needed, control 11nd reference sainples should alsc, be ae:,,
a ted. For the sediment t oxicity l a rval or ·embryo: tests, a cont:rol sediment, a 
re£erence sediment, and a cont r ol sea1<atez e1qJ1;1Gu,re sliould be i;un , 
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I/hen i,ace.r column effects a re o.f concern ( pur.suan.t to Section 404( b)( 1) e valu
al ions), t he oyster larvae can be used in a 96-hour suspended-phase btoassay 
as detailed l.n the BPA/,Corps implementation manual £ or ocean disposal evalua
tion ( EPA/<;..orps 1977) . A source me di um ls p r epa.,:ed usinir one ?~Tt weC'.'C co 
four parts sediment. After l hour of sett.ling, two ten- fo l d dilutions of the 
susi,ended-phruie source (1 : 4) are prepared, r esulting i.n a xposures o f 1/ 10 and 
1/100 of t he source. A.s a result, the oyster larvae are exposed co suspend ea 
phase cuncentrations of lCJO percent ( 1:4) , 10 percent (1 :40), awl l percent 
( 1 :400) for a period of 96 hours. Con trol o r reference sediment i s not used 
in this, only seawater contro l s . Aeratcio,1 to maintain d issolved o,:ygen abuve 
4 ppm ls used as needed. 

m of the above 1:ests bave str.-ngths and weaknesse,s wi tll r e spect co i nd!cat
i.ng environmental ;e.ffects of sedi ment chemical concentrations . The amphlpod 
test rela tes masc directly co sedi_meur chemical coocentraclons because tile 
test organisms bµ.rrow in t o the sedi□entc i n each t<!st chrunbe,; . Altho ugh the 
bivalve l a:rva,; te$t and t he rc,commende.d echinoderm embi,yo te.st reqaire chat 
sediment be i ncluded in eacb test chamber, the test organisms are suspended in 
t ile water column t.,f tbe test char.i.ber . The bivalve larvae test ori~inally v.as 
used only with sediment saline extracts to evaluate dissolved a nd suspended 
pltase chemicals , bui: recently has been modified to i nc lurle deposited serlimenr 
in t he t est chambers, The oyster larvae can be used to assess either s ediment 
t:oxi city and/or water column effeci:s . Tlte saline-«.,tract 1-iicroto~ cesc is 
coo(luc ted on sedtrne_nc extracts only, a n4 therefore relates mqst dJ.rectly t o 
effec ts i n the i nterstitial water or water col umn after dredged material nas 
passed through it. 

ilenthlc filt:er feed e r s such as j uveni le bivalves provide a,, i11 t egratio11 of 
pote_ntial effec ts from exposure to sediinents ptimari.ly t hro ugh t hree exposure 
routes : ( l ) direc l con tac t wicll tile bed ded sedim,eut, (2) ingesLion of rei,us 
pended parti cles during feeding, and {3) passage of resuspended pa.;::c:.icles over 
r~spir atory surfaces during gps exc ha n&e. For llliiny species (e . g . , filter 
feedi ng bivalves ) , e:q,.osure rou1:es (2) and (3) occur simultaneously because 
t he feeding a-ppar arus and r e s p iracory surfaces perf orm t he i:l ua J f unction o.f 
food gathering and gas e,cchange, 

Tlle orga.nic ex t ract Mictotox tes t uses a n exc11aci:ioo cetlurl4ue thac ls JDJ.Jch 
more complete than would be expected uncler nai: u-ra .l cooditi.ons . It t herefore 
represents a worst-case, yet somewha t unreali stic, eva l uat l on. because the 
sallue-extract Micr o cox cesr more closely approximates natural c o ndit!onij than 
does ,:he organic-e.uracc tes t, it is the more preferred of clie t wo tests . 
Results of r ecent s tudies (e. g . , Tr ue and Hey,,rai:-d in p r ess) support t hi~ 
assertion . 1n addition, the concordance of t he taline- extract Microtox tes t 
with other e nvironmental indicators has been demo,nsuaced (Wi lliamij, ~ al. 
l':ib6) . 

Four of these biol!ssays are recolllJllended a s ac u t Ee sed iment t oxidty :indtca
tors . .The choices of 1:he parcicular sediment toxicity larval b'i oassay and the 
j u venile bivalve species are at t he discreti on of t he d,;edge:r . 
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6.4 Chronic/S ubl.ethal. Testing Pi:ot:ocols . None o f t:-l,e four a cute test species 
a.re used to med.sure cnrouic/sub l .,,t,al e.ffects ( longer terr., than 10 ·days, 
i nvolving partical life-cycle testing), although the a bnormali i:y mea~ure in 
t lte blval ve larv<1e a nd i.chinoderm embryo bioassay s represem:s an ~dJ.ca.cioo of 
subl ethal effects based on acute (short-term) exp,osure . 

6 .4.1 i<.ecommended Tests. The only r ec nmroe.nded c il,ronic/,,ublethal biolog.ica l 
test for dredged llll.lterial assessment i n Phase I is a b!oaccumulation test 
using a bi valve species of tile genus Hacoma. Tile bioaccumul acion test 
r equires a chemical t issue ana lysis. Bioaccumulat1on is t he over all process 
of biol o~cal up take and retent ion of chemicals o.f concern o,bt.a ined frur.i food, 
water, contact wi til sediments, or any combination 0£ exposu re patbways . The 
Maco,;,a s pp. bioaccumulatiorc t est: meas u're s tissue residue to2icant conten t in 
che bivalve over a 30-day period. Hacoma is pref,arred because it is a surf ace 
deposit feeder and. t bus is i n t imately associa t ed 1si th the sediments . Though 
t he geoduck is another readily availabl e tesc urg1a,u,sm, it i s .a suspens.ion 
feed er wi t l, l ess di r ec t contact w-itl1 .se<llment. 1 11 addition, Macoma has been 
more widely used then geoduck. 

Options considered fo·r use of bi oacc umu.1 .. ciun t estts I n Lhe PSDOA evaluat i on 
procedures i ncluded : 

1. use as a n indica t or of both h uman health 13f.feccs .and ecological 
effects ( a common practice in many par t s of ~he country ) , 

1. use ,as an indicator of huruan llea lch effec1:s only, aud 

3 . no role 1.n tbe decisionmaking proce,;s. 

i:.r\,G <:>Juc;e to a.pµl y biom:cumulati cm data o nl y as a human llealcl1 indicator 
(Option 2) for several reasons: 

o The chronie/ subl,nhal ecological effects <lf observed body burdens are 
essential l y unknown at pr e sent (though re ,i.earch is c ur rently underway 
co becce.r determine effects of tissue nhernical accumulation) . 

o Many key chemicals 0£ c,oncent are metabolilcally altered into different 
forms ( e.g . , conve-rsion oi PAJL or PGll' s t o o:<yge.n-containing rnet-aao
U tes ) , thus c omplicating any possible th(n:ough analytical approach. 

o Despite oecabolic a.l t eracioos , the n ,maini.ng body burrle ns are stil l 
available to h=ns consuming the. contairu:ng chemicals of concern 
o rganiSI!IS . 

The Clean \.lacer Ac t req u i r es consideration of posHlble tr;,nsfer .,f chemical s 
u£ concern into the food •1eb as a resul t of dredgod mate rial disposal. The 
de t e r mination of w111,Lher the maLerial i s acceptablle for open-water disposal 
would include t he po te.oe:ial ef£eccs of any potenti,al f o oa web tra,,sfer. The. 
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TABLE lt.6- 2 . SEDIMENT BULK cB.EmSTRV TRIGGER VA LUES 
FOR JJlOAGCllt•,ULl\l'IOl, 

Chemical Concentrations ( a) 

Me tals (mg/kg dry weight) 
Antimoo.y 
Arsenic 
}iercury 
Nickel 
Silver 

Organic Compounds t ug/kg dry 
Becu~o( a) pyrene 
Fluoran tbeae 
1,2-Dichlor obeazene 
1,3- Dichlorobenzene 
1, 4-Did,l orobenzene 
Dimethyl phthal ate 
Di-o-buty l pht halate 
Bis ( Z-ethylhexyl) ph chalace 
Her.achloroe thaoe 
He:xachlorobutadiene 
Phenol 
Pentachlorophenol 
Et hyl benzene 
N- Nitrosodiphenylamine 
Hexa chlorobenzene 
Trichloroetheae 
Tetracb.loroe tbene 
Total DDT 
Aldrin 
Chlordane 
Die.ldtill 
lleptachlor 
Total PCll' s 

.19 
510 

weight) 

.1.5 
43 

4 

s,ouu 
4,600 

41 
1,200 (b) 

190 
1, 200 ( bl 

10,200 ( b) 
13,900 (b) 
1,000 

210 
8(10 

1, 000 {bl 
27 

160 
170 

1 ,200 
100 
50 
37 ( b) 
37b 
37b 
37b 

1,790 

(a) Concentration~ 0 . 7 * (~iL2 - SL) + SL ; tlhen the coocentraci on of any
chemical is above this value, a bioaccumulation test must be conducted on tbe 
sediment. A.s a r esult of illforlliation received d uring public review of the 
Phase l documents , sever a l of the SL a nd l'J. values have been updated ( see 
t able 11 . ll-L f o r current values). The o lder SL and ~IL values ~ere used t o 
calculate t hese bioaccumulatf on sediment guidelin.es, wllich we~e left unchanged 
pendin g develoi:,meo t or additional 1n£ormacio n and annual re-view of t lte PSDCA 
program . 

b) These c bet1icals do no t have a n ML2 value . Therefore, the concentration = 
[ (lOSL - SL) • 0.7] +SL = 7.3 • SL. 
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1980 testing guidance i;or Section 404(b )(l ) evaluations stated that bioac.::
11

mu~ 
lation testing need not be condl!ctecl if lnte.rpreti1tlon of test resulr.s J-s not 
possible, as is the case for ecological effects 1eo aquatic animals. lfowever, 
the fond web effects of ultimate concern are thos,3 associated with human 
hea1th risk of consuming conca.1ning cl1emica,ls of ,~oncern seafood . Thus, l::l'HG 
identlf..led a Lise of chemicals of human health concern fat use in conducting
bioac<!1lmulation tests. 

Bioaccumulation tescs are required on.ly when chem:lcal conce_atrations in sedi
ments exceed the v,uues s hown in cable II.6-2. T\ie use of hioaccumulacion 
data as an indicator of human beal th effects is summar lze.d in section 
Il-8. 3. 4. The rationale for how the sediment chemistry trigger values were 
derived for bioaccumulation is a lso presented in ,;eccioh ll- 8 . .3 . 4. 

6.4. 2 Other Chronic/Sublethal Xests . EPWG has con;;idered a number of oclier 
options for chronic/ sublechaJ tests that could be used in evaluating dredged 
material. During Phase l, PSDDA funded a study by NOAA/Nill"S to de.velop a 
chronic/ sublechal bioassay thac could be used either with geoduck o:r :sand dol
lars as the tesr organism (exhibit E. 22) . 'the resales o .f this report are sum
marized i.n the following seation U-6. 5, and indic:ate that the llests investi 
gated are not su£ficiently deve1oped fot use ln PSODA. _Further developmen t a£ 
a sublethal/chronic test is befog considered under PSDDA _phase Il. Possible 
tests include a measure of intrinsic rate of popul ation growth, or a g;ro>1th 
bioassay (see secc1on ll-5 . 5 ) . If such tests cannot be developed , it may be 
appropi:1ate to consider sub lethal incerpretations for SOilie oi the acute oio
assays, use of c.he itnaphase aberrat.!on bioassay, or enhance ongoing develop
ment of ecological interpret.a t1ons of bioaccumulat;ion . 

T'ending rlevelopment: of ao appropriate sublechal bi.oassay, assessment:s of 
suolec:llal e ffects of dredged material wi.U depend on che other biological 
indicacors already recomm.ended as evaluation tests: abnormality in the 
bivalve. larvae and echinoderm embryo bioassays, sublethal effects in t.he. 
Nicroto>: bioassay, and ose of Apparent Effects Tlu·esho1ds (A£1'; s ee section 
7 . 2) based on benthic infauoal abU11dances £or in e:itu sediments (e • .g., at. 
dredging sire) . wbile none of these ind.ice tors is. adequate to i ndependently 
assess cue effect:s of concern, they combin,:, to prov-Ide a weight of evidence 
t:hac is use£ul in t:!ie incertm in ch.aracterizing pcitencia.l snblethal e~fe-c.cs. 

Alt:hoagh the_re a.re. a variet:y of factors _, i ncludintr natural variabilicy and 
nonsedimeut anthropogenic influences (e.g., sh.ip passage, water qua.li ty, ei:t.) 
thac can influence t he condition o f the bottom-community, benthic infauna! 
invertebrates are use.ful indicators o~ t he biological effects of sediment 
chemical cottoenc.ratlons .fa~ tbe following majqr re:asons: 

a il..11 specliss live in close contact with llot:tom sedi1nent.s and intersti
tial waeers 

o l•lany species· feed u-pon the particulate org;an-ic 1natcer that contami
nants absorb onto 
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b t·lost species a.re relatively stationary during mo,ac oi r.hair life 
cycles . 

1n addition, benchic in.faLIDa are important within the ecosystem because they 
are prey for many demersal fishes and larger inver·tebrates . 

By co.ntrasi: with laboratory sediment bioassays, be,ntltic in.fauna! evaluations 
allow an assessment of in situ biological effects Qn indigenous organisms . 
Communi t y analysis results represent the net i nfluence of boLb chro11ic (e. .g . , 
reduced fec undity) and acute (e.g., mortality) efJ:eccs of chemical con tami
rumts from a variety of sources on all or most liJ.:e stages of the. organisms . 

Many character is tics of ben thic infauna! assemblages can be dependen t upon the 
following variables : 

0 Season 

0 Depth 

0 Water quality 

0 SediGlfill t character/quality 

0 Salinity 

0 Telllperature 

0 Runoff 

0 Ship cra.ffic 

0 Outfalls 

To avoid confounding t he effects of cheoicals of concern, it is essential that 
comparisons with reference conditions be controlle,d £or the infl uence of t hese 
natural variables. A common method of controlling for th.is variability is to 
make comparisons only among stations haV:ing the sa.me depth and sedi.n!ent char
a cteristics and sampled during the s ame ·season (tbougl~ other factors are not 
controlled) . 

Several kinds of variables may influence the chan,cteristics of benthic assem
blages, buc caanot be. a ccqunted for because oi thE!ir unpredictable nature. 
F.icamples i nclude unpredictable anoxic conditions, physical disturbances (e .g- . , 
storm-induced scour, anchor dragging, e tc.), and i .n tense predation, ln all of 
these cases, the resulting alterations of benthic assemblages could e:crone
ously be attributed to chemical concencractons . ,!ecause it rarely Js poss-ible 
to control for t he effects of unpredictab l e even tE;, i c is essential !:hat their 
influence on ans method use.d to develop sedimeni: quality values be minimized . 
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le i ·s presently unknown to what exteoc shallo\r waiter be nlhi c infauna analysis 
results a r e meaningful in predicting potent!al el.feels o n organisms in deeper 
water. As noted aarlier, the chai;-aci;eristics of benth i c infaunal assemblages 
vary w-itt. depth naeurally. Ii; lllight lie surlilised i:h;,t because org-an.isus i n 
deeper water generally experience a lesser degree of variability in environ
mental conditions than de, oi;gallisms in sl1all01r wal:er, the Fot.raer incl i vi<iual£i 
would be more s ensitive t o chemical concentration,; . Because this supposid.or, 
has not bee11 te.seed, caution rnust be used when reisult.s are extr apolaterl acros.s 
depth contours. If the supposition :Ls correct, c1riteria based on assemblages 
in shallow 1Jater would be .less _pr.otective of assetnblages in d.eeper water. 

6 . 5 Alt.ernative Te .sts Considered. lliological tei; ts considered in addressing 
Regional &.dminisi:rative Decisions a r e lisced in eJtW:b it 8 , 

6 . 5.l Geoduck. ;l,cute Bioassay. The geoduek. {Fanop e generosa) bi.oassay testing 
variables are modeled after the aniphipod mortalic:, bioassay lsectlon II- 6 .. 3) , 
As i.n the amphipod bioassay, the, primary response critarion is p.;_rceot survi
vorslli.f! after 1(1 days e-."'q)osur.e to test or cont,ml s.edim.,nt. tiork perforn,c,d by 
NOAAiNMFS ( 1986; see exhibit E.22 ) ind.icaces that this uioass<ly is relatively 
in,;,ensitive to toxic chemicals that generate a re,;ponse in other bioa~says . 
'fhe use of geoduck will be reviewed after receivl11g ~esults of ongoing studies 
in whieh geoduck. and ot.ber bioassays a r e being eval uated further . 

6.5 . 2 Geoduck Groww Test . The geoduck growth ei,st is a sublethal measure of 
marine sedimene Loxic.ity. '.i:he growth cest i cvolYes mc.n.:. toriUif cox le e.ffeccs 
in geoducks e..'>;posed to chronic/subleti1;,l concentrai:ions of toxicants over a 
30~day period. Rec: ent work oy m,AE./MtFS ( 1 986; e,chibit L 2 ~) incl.uce.d 
lile asure.me n.ts of growth (based on shell width and concentration of tissue coral 
,,r o teln) , burial behavior, coucen.trntion oi t.issu<e c.i'g lycericl1:s, 2nd adeny
lat e enei:ey cllarge (ADC) in juvenile geoduck and 1:he sand dollar ( Dendraste.r 
<cXeentricus) . The prel..itti.nary N1.sul1:s do not sllpporc t he use of either organ
iSI:1 in long-term sediment bioassays because ,;,f a ]Lack of sens.it.ivjty to 
sedir.:enc- associated chemicals of concern in sever,tl hlghly concaining che~..i
cals of concern samples. l<o other long-term marine sed.iment bioassays hav.e 
underione suific.ien tly r igorous resting to meric l:eeommenda tion. long-ten:. 
bioassays "ere r ecommended by NOAA/NMFS -as a re.quJ:rement as soon as a sd.en
tlfically defensible bioassa>· is available. ln the inter.iCJ, a battery of 
shore- term tests utilizing pbylo&enetically diveri;e test species and 1.lfe 
stages WilS recommended. 

(j , 5 . 3 Intrinsic i\ate. of l'o ul acion Gr owth. In p1;:i,ncifle, t he use of an 
intrinsic race of populacion ;;rowen IRPGJ test .a1; p,ert of the biol ogical 
evaluation procedures is an e.xceJ.lent potential d"cisionmaking tool. This 
test .i.s a measure of the insca:iitaneous 1:ate of populacioo change ln numbers 
w,der aondi&ions where the populat ion is not self--lirnicect. I he test i ndicates 
whether r:he population is growing .sc a rate c:ompai;able to reference conditions. 
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No species has been ident;fied a,; being accept<1bl1? for application of th.is 
test in Pugei: Sound, Effon:s to identify an ,u;ceptable species resulted in 
r:he fol J o>ring concl us.ions : 

o An amphlpod Sl)ecies (Melita nit:idia). has been tested aL the F!PA Envi
ronmental Research l:aboracor y ac Newpor t , OR. Thi,; epil>enthic: gam
ma.rid amphipod lives on or 1n de•crital mal;erial and cloes not appea.
accepcabl e for solid plulse s ediraen t tests. 

o Merna codes have been examined for use in !H.J1G tests by Tietjen (1984), 
but t he species used is no longer: cUltured and there a.re few i:ecqg
nized experts capable of conq.ucting such work. 

o llarpactico:id copepods have been suggested as a possible culture spe
cies. A harpacticoid copepod spec.ies pow in culture by the Nat.tonal 
Marine Fisheries -Service takes approxima t ely .UO daya to compiete a 
life cycle. This time period is coo long to be accept;;ble for a rou
tine regulatory !RPG test, al t hough lar.se projects may have the time 
to conduct the test. 

o 'l\.,o species of polyc.hae tes with suitably 8hort 1 He cycles have been 
cultured ~t Battelle Mari.ne Labor atories . Neit.oar species 
(Ophio t rocha costlowi and Dinopltilus gv:ro,•1Latus ) vi-11 cultm;e well in 
sediment , 

o A mysia s pecies (Mv.s-id.opsis bahi.<I) has beE!Jl demonstr11ted by t.he EPA 
Ea,v:ironmentaJ, Res earch Labor atory in Narragansett, Rr t.o be amenable 
to shoct-tei,m (less than 30 days) IRfG te11ts . Some uncertaint),' exists 
concerning its sensi,tivity because most o jf tlie tests were conducted 
wit:h suspended solids rath!e-r than sedimen ts. Tltis species is aot 
indigenous to Puget Sound . 

~ present, the .IR.PG test is a_ot recommended unrul am.ore acceptable species 
can be identified. Res.earch should test 11 . bahia and an acceptable local spe
cies, if one can be found . After review1~g poss il> l e sublethal tests, use of 
surrogace species 1n routi ne regulatory ces-cs in Puget Sound was not recom
mended . Besides the -pi:ob l em of availabil,it:y, manJr of tbe pocet1 ti.al surrogat.a 
test species are not adapted co survival ia the cold waters of Puget Sound . 
Few local laboi:acories ue equipped to conduct flow-through bioassays with 
warme.r seawa .:er, and the temperature change furth,i-r complicates correlat ing 
the laboratoi,y results to -potential field co:;ct.c:i.:Jr. However, these concerns 
do aot preclude the eventual demonstration and availab:ili ty of an acceptable 
surrogate specie s, 

&. 6 iliological Tes cin.g of Fresbwacer S·edlmencs ;;.ud Soils. Biologica.J. resting 
and evaluation procedures ,cequire modification be Jfore application to fresh
water sediments and soils . These materials , if proposed for unconiined, 
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open- water disposal, muse be cested £or tlt!!ir potcmtial eJ'fects ac the dis
oosa.l sice. The cequiremencs £or testing .freshwater sediments are: 

o Per forn a COl!lplete chemic;il analysis as d<!s=ibed in section II-6 and 
compare against screening l evel aod maximum level guidelines in sec
tion II-11. 

o l'er£orm bioassays described ia sec t ion II··G. Frio, to condactiog bio
as·says, the interstir;ial salinity will be r aised to saline (i.e . , 
greater than 28 ppt) conditions. This adjuscment snould be accom
plished as described in PSEP protocols ~hHt call _for stirring sediment 
in saline water (Tetra Tech 1986h.; and se" exhibi t E). The sediment 
may also be aged (see section I I- 6 . 7 . 2) p1:ior to the bioassays at t he 
project proponent's option . 

o Di! termine whether the disposal of £reshwat:er sails resu.J. ts in a hlghec 
loss of chemic,;11s cf concern co the seasw:face microl ayer (exhibit 
E. 10). As noted in section Il-13. 2 , additional research to aadress 
th.is issue is recommended . Although b i olc,gical t est methods specific 
to heshwater envirooments are available, the·se me t hods would -noc a id 
i n assessing the possible e£fecr;s of t he ilredged material once i~ had 
been discnargea i n the marine waters of Pt,get Sound. Soils are d.lf
fereat fr.om mari ne s ediments ln chat physt cal structures of the soil 
can i n:Uueuce effects on agtlatic species, Tiiis po ten ti al additional 
effect is not expected t .o warrant a separ,lte testing. strategy . 

Soils that may be ineluded as dredged mater ial. aree described in section 1-2.l 
r ~fini tion of Dredged Material). The requirement:s for ter, t:i.ng soils as 
dredged material are i dentical to those outlined j;o,: freshwacec se,Limeoi:s . 
Additionally, an assessmen t of losses of material to che \later column and sub
sequen t effects is needed . I£ SQ.i.1s are used for .aq uac.ic capping, -a check of 
t!Je hab i cat condition presented by t:he s oil cap mELy be □ecessacy. 

6.7 Additiooal Issues. 

6 . 7 . 1 Reduced Te.sting Requirements £or Small l?ro·Jects . As discussed in sec.
ti on Il:- J . 2, biological testing requirements ai:e 1:educed for projee_c,s with 
planned volumes grea ter than the "no test" volume ( see table II.3-2) and less 
than che sampling uni t :volume <s.ee table II.6-3) . Complete chemical. and bio
loe;ical tescir.g of a singl e 0ample accord;i.ag to the recommended evaluation 
procedures will likel y exceed $2,000 to $3,000. (;fven the low pot;,ntlal for 
unacceptable adverse effects, this high cost is w:1warranted .tor ver y sma.l.l 
pr ojects . Conseq uently, under cer tain c ircum,tanc:es, -r:educed t es ~ing or test
j ng exclt!Sions axe appr opriace. A. single acute bio£1s.say (i .e ., amphlppd mor-
1:al i 1:y) i.i used in cius testing s trategy to ensure, a minimum biological test 
of the dredged rnace c iaJ. without impos i ng a major c:ost burden ou a small 
pro jecc. 
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TABLE I!.6- 3. REDUCED llIOLOGI CAL TEST:CNG REQUIRE:/,JENTS FOR 
SMALL PROJECTS AllOVE "'NO TEST" VOLl/l-tE(a) 

Area Rank(b) 

low 

l.ow--Mc,derace 

Moderate 

IJigh(e) 

Volume 
(Gr eater Than 
or Equal to ) 

8,000 c .y. 

500- 4,00l) c . y. 

500-4 ,ODO c . y . 

500-4,000 c.y . 

Required Biological Tests(c) 

All biological. tests required(d) 

Singh acute bioassay (amphipod) 

Single acute bioassay (anphipod) 

Single acu te bioassay (amph.ipod) 

(a) "No tes t" Volumes are defined in table U. 3- :3 . 

(b) Area ranks are defined in section II-3.1.2. 

(c) Chemic"1 tests are required of all such proj,1cts . Biological tests as 
listed are required if chemical result~ i ndicate ,chat the dredged mater ial is 
containing chemicals of coucern above the screen111g level (see section II- 7 . 3). 

(d ) Biological tes cs are de£ ined in section II - 6 ;, 

(e ) There is not a "n o test" volume for high rank areas . For projects rt·th 
less than 500 c .y. in high rank areas, the dredge 1: will have the option to 
conduct either a single chemical analysis for all chemicals of concern (with
out the required quality assurance) , or to conducl: acute bioassays (atnphipod 
and ~ticrocox bioassays only; see section II- 6) on a single sample (wi thout 
companion chemical analyses, but with appropriate bioassay replicates ) . 
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Very s mall volumes of dredged l!IBterial Hess cha11 a "management unit") indi
vidually represents relatively minor potential £,or unacceptable adverse 
effects to the d:!.sposa.l site according to Seetlon 404 guidelines. Although 
the cumu1acive effect-a of many small projects ar,e of conceptual concern, the 
cost of mobilizing large dredging eq·uipmenc geneirally has discouraged many 
small projects f.ri;,m using the multiuser sites. As a result, very small proj
ec,: coClstii:ote only a small percentage of the vo.lume disposed at the existing 
DNR s.1 tes ovei, the last l5 years ( Envirosphere 1!186) . 

For hlgh rank areas, there is not a "no test" vo;Lume, For projects with l ess 
than 500 c .y . in higb rank areas, i:he dredger wi:ll have the option t o conduct 
either a single chemical analysis for all chemicals of concern (without the 
required qual.:ity assurance ) , or to conduct acute bioassays (amphipod and 
Microtox bioassays only; see section IL- 6) on a Hingle sample (without <:ompan
lon chemical analyses, but with appropriate bioansay replicates) , 

6.7 .2 Biological Testing 0£ "Anomalous" Samples. "Anomalous" sampl.es t;!iat 
may require biological testing below the chel!licaJ. screening level (sect.ion 
Il-7. 3 ) a.re expected to be care. The necessary jius ti f:!.ca t:ion needed to 
require biological testing of these samples must be provided by the regulate~ 
based oo bei,t professional judgment. The priJDary factors that would be con
sidered in this evaluation is the presence o f a v•ery unusual chemical sources 
in the dredging area • 

l"or a dif£ei:ent "anomalous" case, a ddit:ion.al test:ing is required to establish 
tha,: a positive bioassay response for a dredged aiaterial sample is anomalous. 
For example, apparently ancient sediments collect:ed at dept h ru.ve sometimes 
yielded positive bioassay results although the sa.mple does not appear to con
tain chel!licals of concern. To establish that such a bioessay re:sulc is anoma
lous., the following procedure is recommet1ded: 

1. Chemical and bioassay t ests must be conducted on the original homo
genized sample (i.e ., time i::~o tests). l.\;o separate samples sltould 
not be used. llec.t,;,se this procedu,;-e is recommended in the PSEP proto
cols, it is assumed chat it will be achieved in all. cases. 

2 . A ~eview is conducted co ensure that few, i f any, chetnic,us of concern 
barely exceed the screeiiing level (sectio•Q II-7 . 3 ) . 

3. A review of the cb.roma t oii:ram for e.irrractable or Volatile organic ccm
pounds e~traeted from the sample and should not reveal any unusual 
compounds no t qoantl.iied io the analysis. 

4. The sample is retested ..teer aging under r efrigeration (to enable the 
sample to equilibrate t o present day conditions while min.imi~ing bio
logical degradation) for 30 days; the sample is s tirred once before 
testing co dislodge any surface skin that may have formed. High <lon
cent:rations of these chemicals may con found bioassay r -esponses in che 
time t"'{l test:. This :is especially true .eo,r the bivalve larvae and 
echinoderm embryo tests. 
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5. The PSDDA regulatory age=ies must approve ch.e test procedure, 
results, and conclusions. 

6 . A reversal of the original bioassay results requires that a ny dif
ference between the original and new bioassay results be sea tis tically 
significant Pless than 0 . 05). 

I.fit is suspected that the aging technique may be r equired for a particular 
sample, i t is most cost-effective if adequate sediment for both the initial 
testing and the aging are collected, and the aging tec:hnique is initiated at 
the same time as the inirial testing. If subsequent results sbow tnac aging 
is not needed, the aged sediment can be di.scarded. If the above procedure i-s 
oot followed and results of the initial tesciog indicate -chat aging ls 
reqtJired, additional sediment may 11eed to be collected. If an additional s.rm
ple must be collected, the initial cest.ing and chemical analyses mus t be 
r epeated to ensure that the inir:.ial and additional samples are compar11ble. 

Io conclusion, the recommended evaluation procedures are considered t o address 
sublethal and chronic effects of dredged material disposal . In particular, 
the following actions strengthen the evaluation procedures : 

o The inclusion of a benth.Ic infa:unal indicator ln the development of 
sediment: quality values has resulted in guidelines thac address pro
tection of benthic communi~ies 

o Bioassays for larval abnormality and microbial sublechal effects con
tribute to the assessment of chrooic/sublethal effects 

o The disposal siting process and the monitoring plan add an eddHioual 
level_ of protection 

Also further consideration of developing chronic/ sublethal evaluation 
p~ocedures will b~ given during- PSDDA Phase II . 
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7. CH.fil\t!CAL TESTING 

Chemical tests are used to measure the concenttatlon of pocentiaLly toxic sub
stances i n dredged mate.rial. TILis testing is oft11n condt)cted in concert wic.b 
biological testing. Four possible uses of cheJnisl:ry data in evalu;,ting 
dredged mate.rial were cqnsidered: 

1. No use 

2 . Use concentrations of chetttlcaJs in sediments to set a screening level 
above which biological testing would always be required . 

J . IJse concentrations of cllemicals Jn se.dime11ts to set a maxilllum level 
above which the material Would l:tkely be imacceptable £or unconfined, 
open-water disposal. 

4. Use concentrations 0£ chemicals in sediments to sec bo th a screeniog 
l,wel and maximum level. 

S . Use concentrations of chemicals i n sediment$ co inventory detectab1e 
chemicals of concern . 

Optiqn 4 was select:ed; although a dredger option 1:0 conduct: biologica.1 tesi:ing 
i s included for material above the roaxi mum level ,,aJ.ues . Sedimen t quality 
values were used as t he basis for dete rmining acce,ptable screening and maxi mum 
levels of d 1emicals of c oncern i n sediments for uncon£ined , open-wa ter dis
posal (i .e ., t o make screening/tier i ng decisions d.Lscussed in sect.ions II-7 . 3, 
TI-7 . 4, and II- 8) . 

7.1 Chemicals of Concern. A tota l of 58 individual chemicals or cheniic:al 
groups of cone.en, for dredging and disposal opera·1:ions are l isted in cable 
IT. 7-1. An additional eight chemicals are 1·1sced i.n table lI. 7- 1 that will be 
measured only in certain areas, or for reasons other than 12oncern f or chemical 
concen tr-0tions (e .g. , as chemical tracers - manganese) . Only a few of the 
chemiC1.ils of concern are already included on the l'uget Sol.!Ild Int-erim Criteria 
(table U.1- :2) , primarily because data for a wide. range of c:hemicals of 
conc:ern have onJ.y re·ce;itly become available . 

All of the chemic:als of concern have been- shown cc, accul!!lllate in sedime.nts or 
Puget Sound. EPA pt'ior ity pollutants tha t. have be.en uodetected in Puget Sound 
sediments a t -rea·sonably low de tection limits (e .g., , 50 ng/kg dry lveight) are 
not included in tabl e II. 7-1, The chemicals of ccmcern generally have tile 
fol.lowing cbaracte-ris t ics ( Tetra Tech 1986j) : 
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Antimony 
Arsenic 
Cadmium 

TABLE II . 7-1. CHE}(ICALS OF CONCERN 

Metals and Metalloid:; 

Copper 
lead 
Mercury 

June 1988 rev. 

Nickel 
Sil-Ver 
Zinc 

Phenols and Subst.ieuted Phenols (orgaa.ic acids } 

phenol 
2-met:hyl phenol (a) 
4--methylphenol(a) 

2 ,4-dimethylphenol 
pen tachlor o phenol 

Low Molecular Weigh!: Aromatic Hydrocarbons (neutrals) 

n.:iph1:halene 
2-methylnaphl:bal enea 
acenaph.th_ylene 
acenapht hene 

flu oranthene 
pyrene 
benz (a )an t hracene 
cllzys ene 
ben~ofluoranthenes 

f1-uorene 
phenan threne 
an t h.racene 

High Molecular Weight PAR ( neucrals) 

benzo (a )pyrene 
i ndeno(l , 2,3-c,d)pyrene 
dibenzo (a ,h)anthracene 
benzo(g,h,i)perylene 

Chlorinated Aroma t:ic Hydrocarbons , neutrals ) 

1, 2-dichlorobenzene 
1,3- dichlorobenzene 
1,4-dichlorobenzene 
Total PCBs (mono thr ough de cachlorobiphenyl s) 

1, 2,4- trichlor obenzeoe 
h exachlorobenzene (HCB) 

Chlorinated Aliphatic Hydrocarbon s (neutrals) 

he.xachJ.orobutadiene 

dimethyl phthalate 
diethy1 phthala t e 
di-n- buc:yl ph thalate 

h.exachloroechaoe 

Phchalate Esters (neutr als) 
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oenzyl alcohol(a) 
dibenzofurana 

TABLE II.7-1 ( ConcinuE!d) . 

Miscel l aneous oxygenated compounds (neutrals) 

benzoic acld(a) 

Organonitrogen Compound,,; ( orgamic bases) 

N-nitrosodipl1enylamine 

Pestic.:i.des (neutrals) 

aJ.dr in 
dlieldrin 

June 1988 rev. 

Total DDTs (p,p') 
heptachlor 
a l pha-chlordane g;a mma-H CH ( 1 ind an e ) 

ttich.loroe t hene 
tetrachloroethene 

Volatile Chlorinaced F!ydrocarboo.s (neutrals) 

ei:hylbenzene 
total xy lenes 

Additional Chemicals co Be He,as1:n;ed <b) 

manganese 
chromium 
tr i chlorobucadiene isomers 
te tr achJ.orobu ca dien,:, isomers 
pentachlor obotadiene isomers 

2-mechoxyphenol ( p,uaiacol) 
3,4,5- crichloroguaiacol 
4,5,6- trichloroguaiacol 
tetrachloroguaiacol 

(a) Indica t es U.S . llazardoua Substance List (l!SL) compound th;it is not also 
on the U. S. EPA prior ity pollatanc l isL. 

(b) Generally of concern in _localized areas only (e.g . , chromium near r-brome 
placing industries; guaiacols only in areas adjacent to polp mills) . Chromium 
is recommended for analys is in all areas uncil additional infqrwation is 
acquired regarding its toxiclcy in reference ar a.,s that contain high levels of 
chromium from natural sources . Tri-_, Cetra- , and pentachlorobutadiene.s are 
non- priority pollutants thai: have been detected at highly eli,vated level.s in 
certain areas of Puget Sotmd (e.g . , Hylebos Wa te=•ay in Commencemem:. Jlay) . 
Because standards are gene.rally unavailable for these compounds, they are rec
ommended for analysis only where chlorinated butadienes are suspected co have 
a cnajor source (standards are availabl e for hexaehlorobutadiene), Manganese 
is recoCllllended for measur ement due co its potential co bioaccumulate in 
clams - see section LI- 7.1 .3. 
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o A demonstrated or suspect.ed effect on ecology or l1uman heal r:h {i.e , , 
t he focus o .f cnemical c.oncerns is 1J.l t :l.mat1!ly unacceptabl e advers e bl o 
logical e.ffects) . 

o ll1e cbem:lcal 'has a widespr ead distr.ibucioo, or high concentration r el
ative to natural conditions (1 .e . , one or more present or historical 
sources) . 

o A potencia1 for rellltli ni ng toXic for a long t.ime in the enviz:orunent. 
( biopersistent) . 

. o A potent.ial t o bioaccumulate and enter the, food web. 

Because of the poten tial relacio11ship lier:ween cheaaica1s nf concern and biolog
ical effects, chemical testing for t hese subscance,s can be used co rela t e t he 
potential. :for adver~e biologi cal e ffects in the environment to specific con
t aroinan ts . Chemical data b y th ems el Yes are useful independent i ndicators of 
t:he potential for adyerse effects because not all biological ei.fec·ts cao. ])e 
measured directly by available biological tests. Knowledge of the s pecific 
c:ypes of chemicals is also important: to t.he ma.oage,men t of dredged material, 
because different cbentf,cals may r equire different controls . 

The l ist of chemica'.l.s 0£ concern developed by PSDC•A would be speci£ic:.al l y 
ce'l'iewed during the ioJ tial a ssessment of a projec,t . 1f available data shoi, 
tha t certain ~elllir.:als are not preseni; in the proj,ect vicinity, these chemi
cals need no t be included in any further testing, Where such data are noc 
available, t he '1,;afecy nee " test of a col!lposite s ample can pr o vi de the neces
sary informat i on oo which chemicals of concern a r e, present, £ or b ot h (:arrent 
and near-future projec·ts. 

7.1.l Chemicals of Concern in Limited Areas . In general, .it is prefet:able t o 
use a more limited .list of chemicals o f concern fc,r coutine analyses (i .e . , 
fo r all projects ) , and then add chemical s co the list for individual projects 
that are loci:rted near spee.i£ic sources of chemicals of concern that do not 
exhibi t a Wide distribution. However , f ew of t.he chemicals of concern cao be 
rel i ably tied c-o s pecific geographic areas because, many have li'idesµread or 
fflultipl e sources . Guaiacol s, chlorinate d guaiacol s, a.ad c.hromium were identi
fied by EP\IG as having a need Co be measured, but will no t have guidelj,nes 
developetl for screeni ng or maximUlll levels in dre.dg;ed materia,ls ( s ee seccion:;; 
.11- 7.3 and 7..4) because of c.h e limited da ta base a t this time. Tl\e purpose of 
requiri n!l measurement. o f these chemicals of conc:e:rn is t o ilevei op the da~abase 
co t.he point where screening and ma.'<illium level s ca;, be. de.fined. 

Ouaiacols and chlorinated guaiacols are to be measured i n areas ,1bere ltraft 
pulp lllil.ls are located . Only guaiacols are r e comrn,ended near sulfite pulp 
mills (chlorinated guaiacols are not expected lo p,r ocesses that do not. i nvolve 
hJ. ea ching) . 
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'l'richlorobutadiene, tet1·achJorobutadiene, =d penl:achlor obutadiene are to be 
measured in areas arnund lntll.Lstries thal produce 1:blorinalced products or may 
have chlorinated compounds i n an e£fl uent . These_ three compounds are non
priority pollutants that have been detec ted at highly elevated levels in 
certain areas 0£ Puget Sound . 

Chromium appears to l:lerive largely fcorn the natural erosion of crustal r-0c.k s 
into Puget Sound, but localiied sources of chromium also exist (e,g . , pJ,ating 
industries and some chemical manufacturing facili1:ies ) . Until additional da ta 
regarding the poten tial biological af£ects of chromiwn in Puget Sound are 
available, EIWG r ecommends chat chromium be roeasui:ed routiaeJ.y 1n .ill dredged 
material testing in t:he Puget Sound. Sediment quality values, for chromiw,i 
will not be used in the PSDDA program until these additional da ta are acquired 
and evaluated. 

Reduction in the routine chem:icals of concern list: may be considered as a 
ill ture research effort (see seccioa U - 13. 2), and is a possihlE topic for the 
periodic reviews of the PSDDA program . 

7 .1.2 Compar ison with Alternative Uses of Chemic:als uf Conce_rn. An initial_ 
pollutants of concern 11st developed for PSEP is Ltearly a subsei: of the lis t 
<l.eveloped for cile PS ODA program . The following chemicals are found on c:be 
PSEl' list, but are not listed in table JJ;.7 -1; 

o Cyanides 

o Organotia complexes 

o Chloroform 

o 2,3,7,8-T~trach1-orodibenzo-p-diox.in. 

Cyanides are a potential. chemicals of concern in the enviroruqent, primarily 
because of potential water column effects. Boweve,r, total cyanides have 
recet1tly been reported in nigh concentra't:ion in se,diments from Hyl ebos Wa rer
way in Commencement !lay. EEIIG recommends add,i Ci on.al research to de termine 
whether cyanide shoi;.ld be included on the chemicals o.f concern list for PSDDA 
(see section II- 13 .2) . 

Organocin complexes have not been routinely analyzed in Puget Sound. Organo
tin complexes are of potential concern because of their use ln some paints as 
an antifouling agent. l'ocential users include the, U. S . Navy shipyards, com
mercial pain ting operations, and private individuais . Data £ram tecent stud
ies suggest that organotins might be a problem in aquatic waters ( e.g . , 
mari nas) at concentrat:ions as law as the pares per trill ion range (Unger 
et al. 1986) . Analytkal equipment is not available for routine ;inalyse.s of 
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organotins in Puget Sound, the analytical co.scs ar:e high, and i nter-pret,nlc;n 
of the data is controversial. Further research ort the e11virottmental di.strihu
tion and paten tial effects of organotins lo Puget Sound ls recommended. 
Organotins are a £utc::ce contaminant of concern f1Yr ' areas near mar:inas and !I. s. 
N.;ivy ship terminaJ.s. Disposal sire basellne scudi.es should include analysis 
of sediment, for OJ."gano tins co proVide a reference for feasible future dis
cl1arge of these compounds . Measurements shetild. also be made .as soon as. possi
ble in several local marinas to determine lf orgaruotios are present (see 
t'esearch recommenrlations in section II-13. 2). for tbese reasons, research on 
butyltins is being conducted (with NOAA- NMFS suppc1rt.) during :Phase lI of t.he 
PSDDA study. ~utyltins b,ave been recently (1988) detected lo sediments of the 
Sol.llld . However, though these chemicals ll.I'e recognized as highly toxic, the.re 
are no tone scati.ons in the _puget: Sound dat:a base, that are not identified by 
the measurem,:nt of curren t sediment variables. ( S:ee sect.ion ll- 7. 2 . 3 . .3 for a 
discnssion of the implications of cbemicals of coa.uern that are not currently 
measured ;in dredged material.) Ongoing PS ODA s tud'.ies are eval \UI ting coocerns 
regarding tox:j city , as well as hlllllsln neal tb . As a result, fu tur-e revisions to 
the PSDDA chem!cals of concern list may include th,ese .chem1cals. lnterpreta
tlon guidelines would need co be developed, and methods and lab capabtlities 
defined, once they were identified as necessary to che list.. 

Chloroform is of concern primarily i n the water column. where l l ltas been 
observed near some discharge points at concentrations t ha~ e~ceed EPA acute 
water qualicy criter1~ (e ,g,, Class H survey resuJ rs), Chloroform h.;s been 
detec ted at lOQ concenl:ra tion in some sediments ( Te era Tedt J 9ilS), but is not 
of routine concern for dredged macerial. 

2,.3 , 7 ,8-Tettachlorodibenzo-p-dioxin (TCDD) is an li:~A pri,oricy pollutaoc of 
n~ t ional concern. le is of potential concern for dredged materiaJ.

1 
but has 

only recencly ( 1988) been decected in marine s ediment and bic;logir.aJ. samples 
from Puget Sound. Because of it~ onl y recent detection a.i,d the requirement 
for a coscly, separate analysis from other chemicals, TCDD is not recormnended 
for routine analysis as n ohemicel of concern. As with tribucyltin , the 
decision to add TCDO to the routine chemical list will r equire addLtional 
study as to the distribution , effects, and bioava-ilability 0£ this chemical. 
Further evaluation of this issue will also occur during the annual r eviews oi 
t he PSDDA pro.gr run. Discussion of the im~1 icatiops of not analyzing dredged 
material f or t hese chemicals is contained in section II- 7.2.3.3. 

7.1.3 De.her Chemicals to be Measured . Manganese is no t a chemicals of con
cern, but is recommended for inclusion 1,n tlie category of "other chealicals to 
be measured" because of its potential to bioaccumulate in g;aodue;k clams, 
accordi.ng to 1983 data collect ed by DNR. Conven tional, variables recommended 
for- meas1111ement are listed i n section Il- 7.7 . 

7 . 2 Developmen t of Sediment Qualicy Values . During develo-pment of che evalu
ation procedures, the role that chemical analyses should h,we in serliment 
testing and decisiorunaking was considered at length. !n mos t dredging pro
grams thcoughout the cQunt:ry, sediment ,;1nalysis, ±£ done ac all, ls used ;for 
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iniormational purposes only; providing an 1nvento;:y of c:hemicals present in 
the sediment;s to be d r edged . In the ~uget Sound ,1re;,, however, e~tensive 
field sampLing conilucced over nb.e past few years by a variety oJ1 agencies £or: 
various regulatory and ,naqagement programs, has g1meraced a comprehensive sed
imen t chemistry/biological effects data base, Th.Jls data base, compiled as 
part of a PSO!JA/PSEP project to develop sediment !1ualic:y values for Puget 
Sound {Teti:a Tech, 1986; exhibit E. 9), contains :ir1formation on sedimenc:.s col
lected throughout 'Puget Sound. The urban/indusr.r:1.al waterways are i:epresen
ced, as are "clean " refer:en,;.e a:ceas (nonurban/ npnj_ndus trial) and raos c. of the 
major dredging areas in the central part: 0£ the e~:cuary . 

7. 2..1 Ose of the Puget Sound Sediment Qual.it:.y Dat:a Base. Infocmat.i.on. cur
renc-ly con tained in the Eugec Sound dar.a base rep~:eseots over 190 stations, 
sediment chemical ana.].yses on 71 chemicals, information on a variecy of con
ventional sediment. parameters, and the results of r.n~ltiple speciea bioas:,ays . 
The bioassays (which varied among stations within the data b;ise) include an 
amph.i porl test, an oyster larval t:es t, and a Hic,:o t:o:< tesr, rna11y al the same 
b1-o1ogical tests r ecolll!Tlended for dredged material evaluation by PSDDA. illso 
included in t:he data base are informatlQQ about the heal th of the benthic com
munity present at: many stntioos where sedimen t saa,ples were taken for chemi-ca l 
analysis an ti bioassay evaluation. 

In rievelopjng cbe PSDDA guidelines , evaluation o.r the Puget Sollild data base 
was valuabl e in rev-ealin& general observations abc,ut biological effects asso
cia ted .with speci.Eic levels of sedi men t .chemical qincen trations; however, it: 
ls important to note that conditions observed in ~,ediments taken from urban 
waten,ays wi U not necessarily be duplicated if tbe same sediDJen t is dis
charged a t a deep11ate·r 1dte in Puget Sound . .Excra,polation ft'om site-specific. 
correlations between .sediment chemistty and biological e££eccs, co predicted 
ecfieccs at the d1.sposal site is es~clally uncerta!l.n wl1en using e.mpiric.al daea 
generated from aondisposal ,>reas . However, bi,c;,us,e th.e toxicity of dredged 
ll),!lterial is a p,,-incipal factor in determining acce,p tabil;ity of sediment foi: 
unconfined openwater disposal, conside ratioi:1 of se,dimenl: bioassay resul ts was 
importan·t in developing guideJ.ines £or use fa evaluating the relati.ve ppten
tlal coxj.city of dredged material. Although. the.re• are a variety o f .factors, 
inc.lud;i.og natural variability and ooosedime.nt an chropogenic inilllence,s (e .g . , 
ship passage, wat:er quallcy, etc.) that can infltie,nce ciJe con di tio~ of the 
bo-ct:om-d-well iog community, the inco1:poracJ.on of b~:ntb.1c community data was 
also justified . The decision co conside r ben th~c effects information during 
development of the PSDDA disposal guidelines wall b"rsed on evi.dence that com
m.un.it:y structttre does have a r elationship to degre,e pi; chemical conce-ot:ral'.ions 
(and ol'.hei: factors - -see section II-6.42) and, mor•e impori;a,1cly, the belief 
that inclusion 0£ the data would provide some degreE of protection against 
ttnacceptable adverse impacts unaccounted for by si.n8le species b1oassays or 
limited chemical analys-es. 
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Analysis of the Puget Sound data base yielded seve,ral findi□gs that were 
important to the role thac coosideratJ on of sedim~:nt chemlst.ry would h.ive in 
the PSDOA dredged material evaluation process . First, evaluation of the da-a 
base lndical;ed tha t ,;ediment chemistry ciin be used, for more than just provid
ing general information about an indivi dual sed.ime,nt sample . ,>..lthough the. 
data do not elucidate cause and effect relatlonshlps, they do 11rovJde empiri
cal observat.l.ons of biological Impacts associated with cert-ain levels of' chem
icals. When properly analyzed, the Puget Sound de,ta can be tntet"pre t ;,d to 
ceveal general canclLJSions about the concenttacion.s of specific chemicals pre
sent in sediment and the biological e.ffects associated witn the same sedimenc . 
n,e three mosr significant conclusions are. presented below: 

(1) Data analysis i ndicated chat most of the chemicals measured were 
f ound to or·occur i n the majority o f the Puget Socind sediment sample's tested . 
Host samples contained the same sulte o f chemicals, although the conoentr2-
r:ions at: which cl,e chemicals 1<ere found varied wid!tly. The d,;.ta Sets compiled 
in the da ca base were derived from ruultiple studie,s using various techniques, 
thus somewha t limiting r igorous comparison of the data . However, the data 
base contains information £or ind ividual chemicals measured a t W-1de r ange of 
concentrations , a t a large number of stations represenc:ing a varlet~ of l oca
tion ~ and conditions. .PSOOA assumed that t he (ia ca base could be treated, noc 
as a series of unassociated data on sediment, but rather as a u,nge 0£ 
c:on taminanc conc:entrations representative of the entire Puge t Sound area . 

(2) Farther e,valuation of t he chemical conc<!n.o.-atlon/bitilog:J.cal effects 
data indicates that there wai, an identifiable conc:en.traticn 1evel in sediments 
for individual chemicals below which unacce ptable advei:se biol ogi cni e f fects 
wer e never obsecved, even in the pres ence of oc.he.c· chemicals having Varying 
Concem:ration,'i , Conversely, ana.lysis of the da t a base also indicated that 
there mas an l den ti£iable level o .f! sedimrm t cbemis cry ab ove wh.fch adverse 
biological effects were always evident (e .g . , all bilogical indica·tors used 
s howed ~ignificant effects ) a t all stations with suc,h concentrations in cha 
database, even in the presence of ocner chemicals having varying levels of 
c:oncen tra tioos . 

(3) Finally, and most importan t l y, anaJ.ysis c1f the database i ndicated 
that there is a wide r ange of sediment chemical c,c.ncentrations becween the no 
e f fects level ll.!ld t.he level at which significant adverse effect~ were always 
observed . At sra tions wi t.h c:hemical cooc:e□ tratioo,s in this midcile range , 
often at leas e one, bot not al l , of the biolog.icaJ. indicat:ors exhibi ted adverse 
effects . For the mid-range concent:rat i ons sedimen.c chemistry al.one. did not 
appear co be a re.liable indiClltor of sediment q ual icy and represenced a "gray" 
area in which sediment- specific biolog"lcal testin!]; would have to be conducted 
i n order to determine t!Je quali ty o.f a sediment r e,J.ative to l e~ potentcia l 
impact {e.g., toxicity) to the e cos ystem. 



Flgure ll.7-1. Location of chemical and bfological samples included 1n 
?uget Sound database. 
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7. 2.2 Use of tbe Apparent Effects Threshold. J:o order to dec,ermine whether 
the information coarained in the 'PSD!lA comprehe.ns:i.ve dacabase could be. used to 
~evelop sediment chemistry guicleline.9 for: dredged materia1 evaluadon i.11 Pugec 
So=d, a num~er of techniques were eval uated (Tetr<1 Tech, 1986.il. The techni
ques tested include~ cwo methods applying current equilibri\lJll parrj tioning 
theory (us ing sediment-water interactions and sed:Lment- biorn inter.actions), 
<>ne appl:,,i ng w,ner quality criteria to :lnterstitiul water, one that based sed 
imen t quality on the presence/absence of benthic ; ,peqes ( t h<= Screening Level 
Criteria method ), and one which combined bo ci1 bioassay data and measurements 
of benthit commun:lty bea.lt:h (Apparent tffeccs ThrE!shold (AE'r) method) . Though 
all of !'.he techniques evaluated had advantage!! and limi t;,tions, t:be ART method 
was se.1.ected for use in assessing dredged mater iajl in Fi:get SoUnd. (See Tetra 
Tech, 1986j, for details li!f. this scudy . ) 

The A£T mechod was original.ly developed fur 1/lenti. fying chemcal concentra
c-lon,; l.n sediments .chat warram:ed containment or (!laaa-up a ction 1.n Commence
ment Bay, .1 large marine ~llperfund site i.n l'ilget BotJnd (Tetra Tech, 1985a ) . 
llefore considering applying the A.ET me thod as a tool under PSODA, the 
Conunencemeat Bay d.ata base was eicpaoded to inc.ltJd!r sediment_ chemistry and bio
logica1 effects information from additional nearshore llrban/indasuial areas 
and "clean .. reference sites. (Sources of data us1,d to 6elrclop AET for 1/SDDA 
.!re summarized in figure II. 7-1.) The data base >1as then used to identify che 
concentracion of each chemical above which no sample examined was found to be 
without biological impact . This concentration, nLfenecl to ,is the apparent 
effe1:ts r.l!,re:;hold, or A.ET, was identified on a chrnnieal specific basis fot 71 
chemicals for each biological te,;t indep<=nden tly (i.e . , ~mphipod, oys icer l ar
vae, :t-ticrocox bioassays, and be.nthic community am1l_yals). 

Because of uncertainties associated with bioassay sensi civity and the rela
tionship 1;,etween bentn ic community analysis. and pciteotla-1_ impacts at the dls
poslll site, no single test Af'.I v,as selected as the, basis for establishing ch<= 
dredged mate.rial diSl)OSal guidelines . Racher, t he, decision ws:s m;;de t o uti-
1i7,e all of the available information. llioas-say- based AET was incorporated 
because they provide for.esi!lht regarding material tox;i.city and the lik.ely out
come of labora t ory biological tests. They do this: without resolving cha spe 
cific cause of the observed toxic e£fects and, as applied as a part of a 
dredged material eveloo tion process, without implying chat the laboratory to:,c:
ici ty will necessertly be expressed in the field a.t the u.ltimate disposal 
site. ilent:hic community- based AET were incorporated as cor roborative eV'L
rlence , and a means of protecting against poteoc:iaJ. impacts unaccounted £or by 
dngle species bioassays or limited chemical analyses. Since an AET can be 
developed foe. each chemical of concern for multlp.l,e biological inrli_cators, the 
combined effect i s to provide a weJ.gl)c of evidence· that se.rves as a teason to 
believe that potentially harmful levels o-f chemica.ls 1o s ediments are p,,-eseoi:. 
The chemical guidelines developed for PSDDA during t he J\.&1' method wil l be 
applied during the dredged material eval1.1qtion prc,cess only co identify ,1edj -

111ent:s that provide a ceason r.o believe they would be of. ve.ry low or Very high 
toxicity when expo.sed to test an.i,maJ.s la the lab. 
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The focus of the AET appr·oach is to identify concE!ntrat.io n.s <>f chemicals of 
concern that are associated exclusively ,di;h .!ledi•tents having statistica lly 
significant adverse biological effeccs fre.lative t:o re£e.rence sedirnents), The 
approach can be used for any chemical and for any observable hiological effects 
Ce .g ., bioassays, infauna! abundances at: var ions t:axooolll.ic levels, bioacca:mu
lation) . By using- these dlfferent ioclicacors, application of the resltlting 
sediment qualicy val ues enables a wide range of b:tological effer.r.s co be 
addressed in the manag~ent of dredged material. 

A pictorial repcesenta tion of the AET -appro,icb fot• two oh"1llic.als is presented 
in figures II. 7- 2 and II. 7- 3 £or a subset of thesE, data (from Commencement 
llay) . Those g-roups of seili,men t samples analyzed i'or c.hemis i:-r y and biological 
effects are represented by bars in the figures, arnd include : 

o Sediments thac did 110c exhibit significant: i nfauna! depressions 

o Sediments that did noc exhibi.t significant e-o,."i.ciry 

o Sedimea.ts that exhibited either toldcicy c,r infaunal depressions. 

The horizontal a.ti.:; in each I;l;gure represen ts sediment: chemical concentrations 
based on lead ranges (Le. , lead or 4-methyl phenc,l ) on a log scale, The AJlT 
for lead was based orr leail concenti:ationranges corresponding to sediments that 
dici not. exhibi t significant biological effects. The AET fo r G-methyl phenol 
were determi.ned anaJ.ogously. 

The Potential Effect Threshold ( figures II. 7-2 and! II. 7- 3) is the concentra
tion below which no sta t is t ically significant biological. e ffects wer e obse...-ved 
in any sample . Note that t his threshold fo. 4-met.hyJ. phenol ls equal t o the 
det:ec tion lilllit for cbe compound . The cbreshoJ.d i ,s design.a Ced as "po ten ti.al" 
because to:rici ry or ben thic effects were found at. some, but: not. all, of the 
st:atioos with higher lead or 4-methyl phenol conce,.nn-ations . The coldc.i t.y or 
benthic ef.fe.cts observed at tbese stations could b1ave resuJ.ted from o t her 
cliemicals of concern or physical eondit.i.ons (e.g., grain size-}. ilecause the 
po~ential effect thr.eshold for a chemical cannot 1',e re.laced in a meaningful 
way to the observed blol ogi·cal effects, ic is not used to set sediment quaJ.jty 
values. 

Apparent benth.ic effect thresholds and apparent: cc,xicity thresholds correspond 
to conce,n t r ations above which all samples we.re obs,erved to have infaw,al 
depressions or co:tlcity, respectively. Dara are t~eated in this Jllaoner co 
reduce the weight given to samples ln which factot·s other than che chemical 
examined (e.g . , other chemicals of concern, environmental variables) may- he 
res ponsible for the biological effect. Foe exampl e, sedimenc from Station 
SP- 14 shown in figure II.7-3 exhibited severe toldcicy a nd depressed infaunal 
abundances, pot:entially rel.aced co a greatly eleve,ted level of 4--methyl phenol 
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(7,400 times reference levels). The same sediment ft'om Stacion SF- 14 con
tained a low concentracion of lead that was not er-I ticaJ in establishing the 
AET for lead (figure II. 7-2). Despite the toxic effect s displayed hy the 
samp~e, sedimen ts with higher lead concentrations exltibi.ted no st1'tisti.r.a.Lly
signaficant biolog:Lcal effects. These results we1:e lntei:preted co suggest 
that the effeets at Station SP- 14 were more likely associated w:i.th 4-methyl 
phenol than wnh_ lei,d. A converse argtiment cao be made for lead and 4-met:hyl 
phenol. in sediments from Station RS- 18. Hence, the AET approach he.l ps to 
identify different chemicals of concern that are m,ost. likely associated with 
observed eJ;fects ac each blologically impacced site. Based on the results for 
chese cwo chemical.~, eff,;,nts at 4 of che 28 impacted sJ.tes shol-10 in tbe Ug
u,:,es may be associated '1i th e.levated concentrations of 4-n,ethyl phenol, 3nd 
effects at 7 other sues may be associated with e1 evated le.rd concen t.rations . 

'Ih1> precision of the /1..ET values. was also estimated in the sediment ·quality 
values work performed fo r PS DDA/PSE!' (Tetra tech 1986j) . Sever.al por.ential 
error components were considered , including tiie statistical err or in inca:r.
tectly classi fyi ng one or more nonimpacted s tations that dete.rl!lined the Att. 
This classification er-,;or was jadged co provide a reasonable estimate of the 
95 percent. confide.nee intervals for A.ET values. As discussed in section 
II- 7.J, ~he lower 95 pei:cent confidence interval for each AET was eonsidered 
by £EWG for use. as possible chemical screening levels. 

7. 2.J Key Isst1es i n Development: of Chemical Disposal GuidE!lines . Several 
issues regarc!ing; the development of chemical clisposal guidelines l pr e,,a1unt
ing dredged material .r.equired substantial discus1sioo by E.El,G . SW!1lllarized 
Qelo11, t hese 1nc1-t.:de.cl re.liability of che r e&IJlt.ing chemical guidelines, sci en~ 
tific peer review of the chemical ~idel.J;nes, and the possible consequences af 
cl1em.icals chat ,;re no t. included on the list of chemical s of concern (i.e., are 
oat neasurcd). 

7. 2 .3 . l R.eliabilit of Chemicai Dis osal Guidelines. During development of 
the PSD.DA s=eening level SL see sectlon U-7.3Jand maximum l.eve.l (HL) 
(see section II-7,4) chemical disposal guidelines, the sediment quality value.s 
developed by' dlfferem; approaches were tested to decerinine tb.eir rel.iabili r.y 
in co,rectly predictin_g toxicity in the Puget Sound sediments data base. Tilis 
reliability is the fundamencal concern 1n using chem.i~al disposal gujdeLines 
for dredged material management; to ensure that tJOacceptable adverse affects 
due to disposal are avoided . 

rlelia.bili.:y of the sediment qaality values was ass•e~sed by applying the chemi
cal \'alues to the ;µ:isting data base for Puge t Sou;nd ,;edimencs, and <letermJn
ing the pe-,;formaace of the values using two measures . First, the sensitivity 
0£ the sediment qu;ll.ity values is the abilicy to correctly ideotify all sedi
ments th·at are toxic i n biological tests. The mor e sensitive the values, the 
ma re pro tee tive of the environment they are . Seco·nd, the efficiency of the 
values is the ability co correctly identify on1y those sediments thzt e r e. 
toxic (excluding those that are not to)dc). 'l'he more effident r.he values, 
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the m,u:e cost effective t hey ,u;e. Generally, lowm:: che.,;iical guidelines ai:e 
relatively sensitiYe, but also relatively inefficilenr: (i.e ., t:hey identify all 
toxic sediments , but a l so incorrectl y predict to:dccity tn lllRny other sedi
ments ) . Higher chemical g,;iidelines a-re relatively effic;,enc, bat also rela
tively insensitive (i.e . , they identify sediments , t hat are aJ,,,ays toxic, bur 
can mi,;s ot:hei: sedimen ts chat: are sometimes co,<ic.l . 

Rellability nesting condL)Cted duri ng the PSDDA Phase I studi es found tl1at the 
values developed using t:he AET a pproach were che umsc reliable V&-1 ues avail
able at th.is time (Tet-ca Tech H86j) . It was also det:e-cmined that. no sin!;l.e 
chePlical value ( one for each chendca1 of conc<>.rn) was both adequately 
sensitive and e££lcient . 

For chis r eason, the estimated AET values were not: sol!l.ly r elied upon in 
defin ing the SL and ML -values . Rat.he-c , environmental p-cotection was embodied 
in a set of lower SL -values, while cost e££ictency concexns were expressed in 
a set of nigher ML va.l,ues. The ML values wen, set: r alatively high (at the 
highest AET value for s set of biological indicatc,rs), to ensure that sedi
ments wl th chemical concentra t~ons above the 111 va.lues would indeed be toxic 
in biologic:al tests . A.1.1 serl i ments in the Puge t Eiound data base with chemical 
conC!PJ:1 tra tions above the ML values have been shown, to be tox-:ic in at leas t one 
biological test . To ensure environmen tal p-coceccion, the SL values were set 
ralativel y low (between reference <1rea and the lowest Af'.T value for a set oI 
biological indicato-cs) . The lov values ensure tha,t sediments t;ith c:oncentra
t:!.onll of ail chendcal s o f concern below the SL lev·eJ. will not exceed the bio
logical disposal guidelines (see section Il- 8) if biological cests were 
conducted . This separation of management needs (n,01: relying on a single sec 
of Values) provides substancial additional assurance that the ob jectives of 
dredged material management can be me t . 

There is an additional benefi c in using separate c,hemi•cal i n~ex_es of sensitl v
l c.y and efficiency . The different da t a sets withln the !'uget Sound d-ata base 
represent a mix 0£ different anal ycica1 pr otocols, which f urther enncribuces 
to some uncertalnt•y in relying s ol ely on che 8ET values to predict biological 
effects from sediment chemical concenerations . By using a relatively low 
screening level and a relatively high maximum level, an addi tional b u£fer is 
provided to compensate for the possible effect of di ffering protoools . 

The reliaMlicy of the PSDDA SL and NL values were cesced on the Puget Sol!Qd 
data ba.se and on several case projects . Further c.esting of cne Sl and ML 
values has a l so been accomplished ITT. ch the Puget S,ound dilca base afte-c it was 
expanded in l !!te 1987 and early 1988. In all cases, the tests have shown the 
SL and ML values to be i:;eliable i:,redictors of adve,rse effects . The SL values 
have been sbown to be imviron1nen tally sensitive and the ML values haYe been 
s hown to be cost effective . 
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One oi . the strengths of the ABT approach in relat..tng sediment c.hemisn:y co 
aav-erse biological e£iects ls chat it reUei, on e,op:1,ric-a.l, field evidence. In 
deriving sediment quality values lrom sedil!lencs thac conca.ineri multi]lle con
taminants, interacc1ve effects (espeacially those l:har. are frequent in their 
occurrence in t:he Sound ) are "built in" co tbe reirnl.ts. The more "re.pres.,nta
tive" 0£ the Ml' system to predict the da ca base .ts, r.he stronger the ability 
of the AE'.1: system to predict the pr.esence of the AEr values in correc t l y p r e
dict.ing the presence or a bsence 0£ biological eff!~cts. It is this rel.iabilicy 
that justi£ies the use of the SL and ML values in Puget Sound regulatory 
applications at t:h.is. time. 

The Puget Sound data base has been recently expanded Cfrom about 200 t o 400 
stations) by £PA to include several lar ge chem.i.cal and biological data sets . 
This expanded data base significantly contri bu tes to tne strength of the 
resulting AfIT values . The degree to which the da1;a base represenls the sitl1a
cion in the Soll!1d has been improverl, wh.ich also illlproves the predict:ive 
r.eJ.iabili ty of tha resulting sediment quali t y values. 

7 .. 2. 3. 2 Scientific Peer- Review of Chemical Disponal Guidel ines. Though the 
AET values wexe not solely relied upon to develop the adopted SL alld NL guide
lines, completed and ongoing scientific review 0£ the AET method and values is 
resul cing in increasing recognition of the applitld G trengths and management 
utilicy of the AET approach to the development of secLl,menc quality vaJ.ues . 
The primary. forum for r evi.ew of the AEl! appi:-oac}l has been the Sediment 
Criteria Group of EPA Region 10 . This ,,iroup meern ac the request of l:l'A to 
orovide technical .input to EPA in the development of sediment criteria and 
r.ianage.ment appro.,ches . Meetings of t:he group bav1: often been a ttended by 
national experts in the field. The AEr methodolo/;y will also be presented to 
the EPA Sc.ience Advisory lloi,rd •1uriog the swruner c,f 1988. 

During development of the PSDDA evaluation procedures, inpot and review from 
-r-egional scientists (incl uding individuals with n ,cognfaed natfoual expertise) 
wm,· o bcained dµrng El/WG meet.;f,ngs . The pi:-ocedures . are Rccepted for appl:J.141.ti on 
1n Puget Sotmd . Turi:her, sinca rnost of che PSDDA procedures are founded in 
t.he Puget Sound Estuary Program's Puget Sound Prot:ocols, review and accept;,nce 
p..fforded to r.he protoi:o1s {obtained by way of consensus development wor kshops 
oE t echnical experts) e,ovides adde,:/ suppprt to che use of these stanrl;ard 
me r.hods in t:he Sou,,d . These consensus protocols bave been thoroughly revie,1ed 
by i;egional e.,piarts in Government, aca-demia and cc,nsultJng fields, botli £com 
teclfnlcal and policy perspectives. 

7 .2 . 3 .3 :Possible Consequences of Sediment: Chemica.ls Not Measured. A concerti 
often expressed regarding t:he use of chemical guidelines is che possibility 
chat: adverse effects of a particuJ.ar sedimen~ may result .from chemicals ci1at 
a,e oo t measured (not includ,;id in the list of chemicals of c:oncei:-n). Exam pl es 
o± chemicals tha t are not on the lis t include butyltins (e.g . , tributy1tin ) 
"'1d chlorinated dioxins (e .g ., 2,3, 7, 8-cetrachlorodihenzo- p,:Uoxirl, or TC.DD) 
(-s1=e discussion of these cheml,cal.s in section II- i'.1.2}. 
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R.e s2arch on butyltins is being conducted during P,hase 1I of lho study . Bor:h 
TBT and TCDD have been ,ecentl y rietecr:ed in sediments of the Sound. However, 
though these chemicals are recognized as highly t i,xic, there are no tol<ic s ta
t ions in che Puget Sound data base that are not identified by cbe measurement 
of current sediment chemicals. of concern a,ul conv,e.nLional variables. I t is 
theefore pos81ble tha.:, 

a. bucyltins and chlorinated dioxins are not present in sufficienUy 
bioava!lable forms, 

b. butyl cins and chlorinated dioxins are not widely disl-ribu t ed i u the 
sediments of the Spnnd, and/or 

c . butyl tins and chlorinated di oxins .co-occur and co-vary with other, 
mea-sured chemicals to a degree that allows chemicul guidelines for 1;hese o cher 
cl1emicals to idencify current butyl tin and dioxi.n contr:!butions to me.as1Jred 
sediment toxicity . 

These options also represent the possiblities 
,ienUfied cllemicals present in the secliments . 
ident.i.fied by measured chemicals is observed, 
sediment chemistry would be appropr i ate . 

for other, unmeasured an.a uni
Wh,,re toxicity t h11c i s noc 

mar<? dei:ailed ana.l.ysis 0£ the 

'lbougb toxic effects of butyltins and dioxins may ha auequately scTee.necl by 
tbe measured chemicals, the human health consequences may not be addressed. 
·Ongoing PSDDA studies a r e evaluati!lE these concerns . For these re,is.ons, 
future revisions to the PSDDA chem;!.cals of concern list nay i nclude these and 
other chemicals. In terpr etation guidelines would need to l>e developed anci 
methods and 1'1b capabilities de.fined once they were irlentif:led as necessary to 
the list. 

7. 3 Screening Levels. A screening level for chemical testing is a guideline 
used to define the concentration of a chemical in dredged ma teria.1 below which 
there is no reason to bel ieve unacceptable adversE, i mpacts woul d result from 
unconfined, open- water disposal. Dr edged material. that contains concencra 
tions a£ chemicals of concern bel ow scr eening lev,'1s i s acce,>table for uncon
fined, open- water d isposal wf chout c.he second tiet· of l,iological testing ( see 
section ll- 7) . 

7. 3. 1 Procedure .for Se tting Screening levels . A scr.eening l evel <.O!Jcencra
tlon for each chemii;al of concern was set using the resulcs of t he sedimeni: 
qualily values cask (see section ll . 7 . 2 and exbibi.t E . 9). Seven options foe 
s creening level~ were considered, including: 

1. Apply a safety factor to the AET for each chemical of conce.rn (e.g., 
figure II.7- 2 and figure II. 7- 3) to obtain a screening level t.hac is 
much lower than the concentration above wbich biological effects are 
al1,a ys e,rpected 

II-98 



erocedure for Setting Sc,:,eening Levels (con. ) June 1988 rev. 

2. Use the Potential Effects Threshold (see section II-7.2) as a protec
tive concentration of a chemical below wh;kh a significant response in 
,:i ny of several biological tests is never t>bs~ved , ur incre,-ise the 
Po tenUaJ. Effects Threshold concentration by some fact or 

3. Use the lo"er 95 p.ercen c confidence lim.1 t for the Al::T a ssUJning mii;
classi£ication of the S1gniUcance of bio1ogical effect s a t a single 
s tation setting t he A.ET ( see section 7 . 2. :1 ) 

4. Use t he lower 95 percent confidence l imi t for che AET assumin~ mis
c.lassilieation_ of the significance of bi ological effects at cwo sta
tions setting the AET (this value would b1? lower, or a t most equal , to 
the value obtained ln OJ)tion j above ) 

5. Use the a•,erage concentration of the chem:lcal found in reference areas 
of Puge t Sound, or increase this conr::entr.itioo by some factor 

6. Use the maximum concentration of the chelll.ilcal i n -refe.ren ce areas of 
Puget Sound 

7 • Apply a safety fector co one of the vaJ.uei; in option 2-6 above . 

Opt ion 1 w;is selected . Safety fac tors that re·suJ. l:ed in screening levels equal 
to 1- 75 percent o f the AF.T wer e considered. The !:.inal s creenin~ l evel was set 
,-elacive to sediment quallty values as follows : 

Sc reeni ng level~ 

provided;. 

10 percent of the maximum level set £or tmconfin_eu , 
open-,1ater disposal (s ee sections II- 7 . 3 and 11- 8 ) , 

( a ) t.he value equals or e;:ceeds t he -average concenti;a
tion for the i:hemical i n Puget Sound reference areas, 
a nd 
(b ) che value is lass char, the lowest A.ET (LA.ET) 
determined for a range of biological indicators . 

By defini t ion , the Po ten tiaJ. Effects Threshold (PHT) is che concent,,arlon 
below wh;ich there are no st:atisticaJ.J.y significant: biological effec ts in a nv 
sample . While th e PET graph.i.cally appears co be aL lo1Ji cal screening l eve.1 for 
a given chemical, the possible infl uence of o~her chemicals present i n high 
concentra t i on in sediments cannoL be factored out. Hence, the PET for a giveo 
chemical is strongly determined by the presence and effects of unrelated chem
lcals and so is relaci vely us-e..less as a chemical-~:pecific indicator. 'l11e PET 
can be used to i ndicate overall pristine conditiorns t hat will not cesulc in 
adver se biological tlfects . Uowever , the PET is Jikely coo protoctive in 
identi~ying "a cceptable" sedimea ts because Pu_get. Sound reference conditions 
exceed the l'ET for most chemicals. Cons eque.ncly, comparison co average 
reference conditions is a more appr opr i.a ce procec!:ive gdcielllle £or screening; 
' 'acceptable" dredged macerial . 
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lhe decision r.o sec rhe sc:r"-etiing level ac 10 per,:en1; of Lbe. maxim\Jlll level wes 
an ,srbitrary selection. !!ore im portaotly, d11r sc-reenini;, level w;;.s equal to or 
above aver age coocentrntions i n Pugec Sound refer,~nce areas. and hel.ow r.he 
lcwest A.l!.l { LALI ) establ.ished for a rang.; of biol,o.gical inci icsi t oi:.;. lo most 
cases, c11is s<:r eening. level is closer to the re.ference area values than to the 
!AET . 

7 . ) . 2 Pr ocedure. for Setting Screening 1.evei £or !3pecial Cases . All 11nomaUes 
for saning screening levels were handled on, a ca;se-by- case basis. for e.icam
pl e, sediment. qua.l -tty values are ooc available foT soce d ,emica.ls of concern 
of con<:e.rn. For chese chemicals, the procedure fin determining screeu.icg 
leyels for such chemicals was as fol lows: 

o For phd1alat e es ters , the screening level was set equal to the highest 
AET for a rang,s of biological indicators because phthalates are com
mon laboratory chemicals of coocern and a higher screening level may 
be appropriate; no maximum level was escalblished. Because phthalates 
are common laboratory ctiemical contaminan1;s, re.liable anal yses for 
these, chemicals are ,;lifficult. Although tl,ere is a need i:o -add r ess 
phthalate chemical concentrations in sediments, EPWG- agreed that 
biolozical testitlll should not be triggered, and mace.rial shoi.J.d noc be 
labeled unacceptable for disposal, solcly by che routine preaence of 
<letcccable le-vels of phr.halates . 

i; Fpr pesticides, the screening level was set appr:oxi mately equal to the 
l.im1 t of quaotificacion {i- e . , 5 times thi• i nscrw,:ent det,:;ction 
l.imlt ) . Tnougb often not measured in Pug1et Sound sedimencs, certain 
pesticides are known to occur in the uppeir reaches or navigal-..le 
"acerways that drain agricultural river bnsins . t errain pesticides 
at*e o.r su.fficient conce_rn to trigger the. need £or t.iolr.,gica.l testing 
ance tl1ey were verified to be present in l:he di:edged material- iience, 
although insvfficienc tiara a r e availabl e l~itb whic.h to establish "max
imum levels,•· the reco1lllllencied screening 1,~vei ls comparable to tbe low 
pesticide concentrat:ion seen in l'tlget Sound reference area sediment s 
(1 to 3 ug/kg dry weight ) , and is consist,~ni: with guidance from the 
American Chemical Socif.!ty on reli<1ble oata re porcing. 

o For any ch~iilic:al, the screen ing level was never s e t l ower than the 
average concentration observed in Puget. Sound re f erence areas . 

Yot; pbi:halate esters and pes.i:icides , tile screeni1115 levels defined in cbis sec
tJo n will be d,e only chemical guidelioes used ln dec:b<iorunaki ng . 

7 . 4 Maximura Level s . t.. second, higher "maxjmum l,~vel" (l-!L ) for e.,u:h chemical 
corresponcfs 1:0 1:h.o;, concent r ation o,f " chemi cal in dredged rnateri.a.L above which 
Lhe.re is reason to believe tha t the material would be unacce pcable for uncon
fined , open-WaLec disp.osa.L- 'rhe dredger has- rwo ,,,;cions at t ills point; he any 
el!!c.t: Lo accept the ; ndicatioa of che ML value. ;Biological testing is a.at 
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r equired for this decision . However, ic is rccognfaed that chemical levels in 
dredger! material provide a relatively ind.i,recc me,i:sw:ement of possible adverse, 
blolo/lical effects . llccordingly, the dreclge r wil.il have the opt.ion to conduct 
addirional biological testing (as described i n sc,c; tioo iJ-2 . 5) rather cha□ 
rely on the indications of the ML. factors can i n fluence tltct bioavailabilii:y 
of these chemicals (e .g . , sediment grain size, prc?Sence of organic carbon, 
etc . ) . This is why the dredge r wilJ. also. have ,an option co conduct biolog.lcal 
cesting raciler than r elying on the indications of che chemical Qlaximum 
level .1/ 

7. c'. . l Rationale for }laJ..-;lmum Level Concept . Pres.,nt EPA and Ecology regula
tory practices fm: dredged material d1sposal \ti th:ln Puget Sound require cha,: a 
sediment mee t ;, variety of standard test r equirem,mts (including an amphipncl 
bio-assay.) i-n addi t ion to showing that the sediment: does noc exceed est:ablished 
interim bulk chemistty levels fo r a variety of chEtmica.ls of concern . The use 
o.f hulk chemis cry values by EPWG i n set ting ma.timum levels was based on the 
followi,ng c:onclusioas : 

o Bulk chem.i,stry guidelines should be based oo biological effects, not 
on comparison to r eference condltjons (1..,., maximum levels shouc.d be 
based on sediment quality values) . There is mountl,ng field ev:ldence 
that elevated concentrations of c:ertain chemicals in sedimen t s (e .g , , 
dredged material) a r e associated with adve,rse biol ogical effects. 

o llulk c hemistry does .iot provide a definiti.ve. answer in d1,.racterizia,g 
d:J:edged ma terial, but i.s lise.ful for an ini.tial assess ment. 

o. llulk chemistry is a valid indicator of sediment qualicy when chemical 
conceotrations are very low o r very high . 

o N0 singl e chemist r y value can deten;ine bc,1:h the acceptability and 
un.acceptability of a sediment proposed for 'disposal at unconfined, 
open-water sices. Hence maximum and scree,oing leve.ls ace :i::eq1Jired . 

o The screening and max:imµm level can be use,d in the permitting process 
to define i:he bounds of coofi den<;e to whic:11 bl.llk cltemistry ca:n be 
applied wirhout conducting f url.her biologjcal tests . 

There are several arg11ments suppor~ing the setting; of maximum level concentra
t i ons for decisions invol ving chemical testing res ulLs . The major arguments 
are summarized below: 

o l\lthougb several biological tests are available ( primarily acui:e 
tests; see sec t.ion 11-6), it is no t possib,le to test for all kinds o'f 
adverse biologi:cal effect,~ of concern usin.g these biolosical tes ts . 

1/ The. "maximum level" is intended to define tlu, UJ)per limit of chemical 
concentrations for whic.h c:he sc:ai,dard biological t.ests are a su£fid~n c basis 
for regulatory decisionmak.ing . 
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o There is regulatory precedence for the use of maximum leve.l concentra
tions fo·r ded.sionmaking . Suitat>le maximum 1evels of chemicals in 
sediment samples have benn applied in Puget Sound since 1972 "1hen EJ'a 
issued the .. blue book" (a .listing of chemical criteria Y<Jl\:es for 
dredged material quali't.y), and also applie,cl co sed:Lmencs .in the 
present Puget Sound interim criteria (see section 11- L t1,. 4) . 

o The JlUUdmum levels incorporate sediment qu,ality values based on a 
range of acute and ch:ronic indi cators (e .g . , acute bioassay response& 
as well as the long-term healtl1 of bentbic in.f'a1mal communi ties 
indicated by the ab1Jndance of mulciple species) . Hence, use of the 
maximum level concept inc.re,;tses the abilil.cy to determine the unaccept
a.hility of sediments for disposal at unconfined, open-water s1 tes 
based on a broader stµ,t,e of biological indicators chan possible w1ch 
the available biological testing program . 

Arguments against setting maximum levels for assessing the acceptability of 
dredged material for unconfined, open-water disposai are st1mmar i zed below: 

o There is uncertainty jn accuracy of the rGlncionship between concen
crati•ms of chemicals and biological effects, and ln comparability of 
data sets within thi, Puget Sound data base, whid:t implies that the 
maximum levels shoula not be used as t he sole indicator of the 
~cceptabilicy of dredged material £or dis posal . 

o Setting max.imuru levels £or chemical concentrations ean discourage~ 
dredger from cr ying to prove that the dred.ged material for a pa,
Licular managemenr unit wichin a project vdl.l noc exceed the bio
logical effects limits ser for: unconfi11ed, open-water disp<;>sal. 

The advantages of se t t ing ma~<imum ,,llo;:able level 0£ c:nemic:al concenc-ra tio·ns 
for unconfined I open-water disposal were cQnsj.dere,d ~o outwe:i;gh chese limita
tions. Howev~r, as de ta iled in section II- 2.5, the dredi;er has the option to 
conduct biological testing and, depending on test results, disposal of 
material P.,xceeding ML values may b·e allowed. 

7. ~. 2 Single Cbemica1 vs . Chemical Groups I-lal<J,1DUJI1 levels. Chemicals released 
into the e1wironmenc are oft:en distributed as unique mh:t:ures of chemicals ia 
different geographical areas. Some chemicals l e .g,. , polycyclic arooatic 
hydrocarboos (PAR)J i:.end to occur i n many environn1et1ts in a v~lat!vely pt<edic
taole composition . The reasons f'or chi s predictab,iliit:y are that: these chemi
cals derive from a source that i s widely distribuc,ed or £i:-om mtiltiple sources 
th.,t discharge waste product.s 0£ similar composit:i on (e..g., ltydrocarboos £ram 
the burning of oil, aonl, and wood) . A question d,ebated was wbel:her maximum 
levels should be sec for individual chemicals that make up such group$ of 
chemicals , for the total concentration of tne chem,ical group , or for both 
cases. 
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Even among d 1emicals thac tena co occur in predict.able composit.lons, some v=
iabilit_y remains. There£or-e, it is possible f or c·he.nic!ll. concen·t ra tions in a 
dredged i:iacerial ca exceed the maximum level calcul-aced £or individual <:hemi
caJs, but be within the maximum level fo r the group of covarying chemicals . 
Th.is limitation ,;,as considered by tne work. group . 

Most chemicals will have maximum levels ·set indivi.dually (1 .e . , only indivi
dual maxtmum levels will be applied t:o chemical an.alyses of dredged maceri.ll). 
Choices between single chemical values and group v·alues wet:e made £or the 
following chemicals: 

o Polych.lorina t ed biphenyls (PCB' s) - maximu,m level will be based oo the 
total PCB concentration only (the surn of a possible 209 congeners) 

o IJD'f isomers (p,p' -DDT, p,p' - DDE, p,p' - DDD on l y) - maximum level will 
be dei:e.rmined for the sum of the p,p' - DDT isomers only 

o low moleculai: weight PQlycyclic aromatic b.ydrocarboos (LPAH) - maxLmum 
level will be <leter mined £or lndiV-i.dual aod group values (napnchalene, 
accnaphthene, aCEnapnthylene , fll:orene, ph enanthrene, anthraceae ) 

o H:!.gh molecular weight PAf! (ll PAH) - maxirnwr, l evel will ba ,;letermined 
for individual and group values [fluoranthene, py<ene, 
benz(a)anthracene, clirysene, benzofluoranthenes, ben2o(a)pyrene, 
indeno(c,d)pyrene, dibenzo(a,h)anthrac~nel . 

PA..H's have a high degree of co-occurrence in the e~vironment and a complex a nd 
interrelated toxicology. Hence , PA!l >/ill be managed as a group, wit.h sediment 
quality values "5tablished for LPAH and H!'Af!. The single ch¢mical allowance 
(see section !I-2. 4) is applicable to these grou-p Values .. !/ Jlecause tn·e 
compo&itiQn of che co-occurring group of !'AH can a.lso vary s ubstantially, 
sediment quality •1al ues based on individual PAR are incorporated into the 
chemical disposal guidelines. 

7 .5 •roxic Chemical Testing ~ro1:ocols . 

7 . 5 . 1 N'etals and Metal.loids. The metals testing protocols we(e the subject 
of the PSDDA!PSEP report "Task A-4, He tals Protocc,l Development for Pu gee 
Souod Studies•· (Tetra Tech 1986£) . The report is summarized i n e-,h,ibi c E. L3 
and appe,. cs in full in ''Recommeoded Protocols for Measuring Selected Environ
ment;;il Variables in Puget Sooncl" prepared for PSEF' (Tetra Tech 19861) . 

1/When only one chemical of concern exceeds the maxiJnum level, the standard 
biological tests can be used for decisionmakfng, provided the chemical 
.co11cencra tion does not exceed 100 percent of the ML value. 
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Requir ed detec t ion limi cs are summarized in sec cl on 7. 6 . 1 . The recor.ioended 
pr ocedures" and requiremen cs £0,; sample sizes, sample preserva LirJ11 and a conige, 
quality ass-uranc:e/quali ty con t r ol, and da ta repor"tJ ng closely fol1ow those 0£ 
tne EPA Con t ract Laboratory PrrJgram ( CLP; U. S . l!rwironmental Protection Agency 
1985) . 

for the purposes 0£ dredged mater ial a,;sessment , clet~ction levels in excess of 
the SL values is no t requisite. 1n ocher wor ds, l'!Xceeding the detection level 
val ue s would no t be a concern as long as the SL val ue was not exceeded . How
ever, use 0£ s tandard pr otocol ,; i s manda Cory co ensure data comparabil i cy . 
Xhese pr otoeols, t o s ome e:<tent, impl>' certain de i:ection 11lllits £or mel!:aJ.s . 

The r ecommended sampl e digest:!oo ceahn;iques were 1) strong acid and APDG/MIBK 
e:<t r a c tion for saltwater, 2) bydrofluoric acid/ a qua regia total acid for sedi
ment, and 3) nitr ic acid/percllloric acid for tissue . Use or the nydrofluor ic 
acid/aqua r egia co tal acid diges t is s cil:i. being cliscusseQ by EPWG . I t !s 
!rapor.cant t ha t the fu.: ur e qiet"als data be comparablLe to tha t curr ently entered 
int o t he Puge t Sound sediment q uality data base , t:o e,nsu,:e that application of 
the rela ted screening and maxi111um levels ls techn:Lcully sound. If ongo i ng 
review suggests that fu ture data may not be adeqiu1tely comparable, an alterna
t ive di1:es t io11 techniq ue may be r ecommended . 

The chol ce of recomm,:,nded i nstrumental methods w<1~; based upon 1 ) the e.xist-,nce 
of an agency-approved pro tocol , 2) t h"e abilit:y to achl eve recommended detec
tion limits (see s ec t i on 7 . 6 . 1}, a.ad 3) r eady availabili t y 0£ equipment and 
pr eval ence Qf use . Becaus e no -0ne i,;usuumen1:a1 te,chni que satisfied all of the 
requir c;m.en cs for a:ll ma t rices, induc t:i vely coupled plasma emi$sion (ICP), gra
phite furna ce acomlc absorption (GPSS), and cold vapor a~omic absorp tion 
(CVM ) were recommended . The EPA hydr !de genera t.i,on tec:hniq ue (flYDAA), t h e 
use" of matrix modifiers i o CFAA, aad x - ray fluores.c:ence (XRf) ~,ere all o'1ed as 
long as accur acy and precis ion cqllld be d=onstr at:e d to the levels specified 
in the QA/QC sect1oa of 1:he report. 

7 . 5 . 2 Or ganics. I n addit.iou co the compounds rot:1 t inely a n;iJ.yzed by EPA a nd 
other agencies (e .g ., the "priority poll utant orga,nic compounds " ), a large 
nwnber of unident ifi~d compounds may be pr esent i n s ediment extracts. The 
recousc:rucced lon chroma,ogr am {for gas cbro!ll2tography/mass spectroscopy 
analyses (GC/HS)J or chr oma t ograms £or other detection systems be included !n 
the ,:hemical data reports . Dtc purpose 0 £ these d:ata is to 11t least documen t 
the composition of the sample ext raec for fut\lre reJ:erence . 

The organics testing proto11ols were the subject of" t he PSEP r eport "Rec:um
men<1ed Protocols for Measuring Organic Compollnds in Puget Sound Sedimenc and 
!issue Samples" (Te t ra Tech J.9861) . The report is summarized l n exhibi.i:; 6: .14 
and appears t n fu:Ll in "Recommended P r otocol s for :-!easur ing Se l ected Fnvir oo
mental Variables in Puge t Sound" develop"ed for !'se.l' (Tetra Teclt 19861) . 
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The org,,inios pr otocols were synthesized from writt.en sources ( e .g . , EPA st.an
dard methods) and £ram discussions at chree \lorkshops of regional e,cperts . 
Because no agency- approved procedu.res exist. for analyses at the low coacen t-ra 
ttons required (se.e section 7 .6 . 2 ) , multiple prooe,dures f.or t he different com
pound classes (e .g . , volatil es, FC!Js ) are current) y in use . Because these 
di fferent procedures could all yield eqni valen t nrsul ts, no one procedure 1,as 
ce,wmtiended . I nscea.d, compr ehensive QA /QC guideli.nes were developed that 
1,oold enable tbe assessment of the comp;,rab;Uir.y 0£ cliea generated by the 
cli-fferen t procedures ( Tetra '.l'ech 1986i) . 

£qr the analysis of vol atiles in sediments , two mE!thods were recognized as 
accept able for analysis a t Puge c Sound rel;erence ·at.I:ea coocentca tiocs : the £PA 
CLP lteater,i purge-and- t r a p techn.lque and t he vacuun1 e:<traccion/purge- and- trap 
technique, for the analysis of semivol-at.!les in E.edi ments, the EPA CLP GC/NS 
and GC/ECD methods C-wtth capil.la-ry colwnn options for GC/ECll) we r e ..iccepted 
for ,llu;lyses at 50 ug/ kg d r y weight detection limii:s . Depending upon the 
ulti mate use of the da ta, CC/flame ionization detnetioo (PID) wJ th confirma
tion was also accepted . To obtain detec tion limi1:s acceptalile for Puget: Sound 
reference areas, multiple extract. cleanup steps a1:e requicEi\d. ~- variety of 
pr ocedure;; are i n common us e for each s tep, and rne,thods were , tccepted t.hac. 
h,we been successfally us ed liy r egulatory and inde,pendent labora tocies . 

For the anal ysis or volatiles i n tissue, ch.e EP~. (:LP heated purge-and- t,ap 
technique and the vacuum extrac tion/purge-and-trap technique were accep ted . 
N11 alsernative procedure was uecummeoded because h.ight?r detectlon li.mits rn.ay 
pre.vent chemical detection at coocenc:ra t:f ons con.~1.dered to be i;igni:ficant 
hwnan health -risks. For the analysis of s""1ivolat:iles in !:issue , maltiple 
e 1,.-tract cleanup seeps ar e required . A Variety o:f _procedures are in commqn us e: 
for each step, and methods were accepted chat have, been successfally used by 
r egulatory and i ndependen t laboratories. 

Frequencies, compound .appl icabilities, limitatio(tf;, warning and control limit,;, 
and corrective actions were de.,;a iled .for n ine separai:e QC proce'1ures : s urro
ga t~ spi~es. inj ection internal standards , method blanks, standard re.ference 
materials , matrix spi~es, mei:hod s pikes , analytical replicates, field repli 
ca tes, and i nitial and continuing calib,ation. Ila.ta i:epo-cting requiremenc.s 
were similar co th.ose of the EPA CLP. 

7 .5 . J Conveni:.ional Parameter Testing Protocols . Protocols £or analysis o f 
mo,;t conventional sediment parameters used llllder i;SDDA will be those recom
mended l:)y PSEP for anal.ys is of Puget Sol.ind sedimernts ( Tetra Tech, 1986) . 
Analysis of ammon ia should be conducted accordi ng to standard Corps/EPA 
procedur es (Pl umb, 1981). 

7 . 6 Detection Limits . 

7_6 .1 Me tals and MetaJ.loids . Limi t s oii detection were recommended for tile 
APA priority pollu tan t metals and met'1l!oids afcer a consideration of actain
ahle method detection limits for each matrL-< type, EPA wate.r qtJalit~ cr icer ia 
(water ) , and expec ted background l evels i n ti\e emrironmenc (sediment and 
tissue ) . The de tection limits are s ummarized in t:a ble II.7-2. 
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7 .6 . 2 Organics. Lind.ts o f detection we.re recnmm1!nded £or volatiles, semi
volaciles, and pes~icides and PCS 's that would al.low quantification do1m to 
concentra tlo[ls in Puget Sound refer~1ce areas . The de.tecUon limits are 
s1.ll!U!larized in cable II . 7- 3. 

7 . 7 Conventional Chemical Tests . Conventional chemical variables (e . g . , 
tot al volatile solids, total organic carbon, sulfildes, ammonia) are noc con
sidered as chemicals of concern . These parameteri; do not have lnterpretat.ton 
guidelines an li will noc general l y h.ave a direct b,!ar ing on a dispos al dec;.ision 
for a manage ment l1nit. However, collection oi dat:a on the foll owing vari ables 
Will be necessary fur1:her characterize dte sediment an d interpr e t chemical and 
biological tests: 

o Total volatile sol:!d,; . 

o Grain size cliscr.i,bution {i .e . , piarcenE rocks , ~raveJ, sand, silt, 
clay) . 

o To cal orgauic carbon (TOC). 

o Percent sol ids. 

•o Total sul fides . 

o Ammonia , 

The primary use of these var i ables will be as indicators of potential chemical 
concen-t ra•tions ', _and 1n s ome cases, as normalizing variables £or c.l).e.mic.al con
centrations in dredged material. O..,ta for the fol J.owing conventional analyses 
w:il1. not be required for dredged materi al chemicaJ. testing : 

o OiJ. and grease, or oil sheen test (these ,,.ariabl es are indic:ac:ors of 
some forms of hydrocarbon chemical concenc rat.ions; direct measurement 
of polynuc.lear aromacic hydrocarbons are alr eady requi.red) . Consider
able discuss.ions concerning the need to anal yze dredged material f or 
oil and grease led to the decision to r e.fine the histor ic practice of 
meas ur ing oil and ,grease concentracions in dredge d materia l by substi
tuting direct measurement of t hose cl>emica l compounds pf concern fo,md 
in petroleum and combus t ion pr oducts. Coa sequencly, the PSDDA 11st of 
chemicals of concer n incl udes 16 polynuc.lear aromacic hydrocarbons 
(!'Alls) . }leasurement of oil and grease doe,s nae ide!! t i.fy the presence, 
or quantify the concen tration, of these priority pol lutant chemicals. 
Oil and gr ease measurement will not d i s t i n guish ben,een produces of 
petToleum origin a.ad oils fr om other, natural sources . 1n addi t'ion, 
the .fraction of oil and grease that is available to b e released co the 
wa ter colUllttl and the sea surface cannot be pr edicted f rom a total oil 
and grease analysis . OU and grease found ia borcom sediments is con
sidered co be subs tan ti ve.ly in a for m that is not readily available 
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TABLE U . 7- 2 . RECOMN£NDED 1-JE!AIS LL'II'I'S OF DETECTIO?/ 
FOR WATER, SEDIMENT, AND TISSUE MA'Il.UCES 

Antimocty 

Arsenic 

Cadmium 

Copper 

Lead 

Mercury 

Nickel 

Silver 

Zinc 

l1anganese 

(a) ug/L. 

(b) mg/kg dry weignt. 

(c) ug/g wet weight. 

(d ) NA= Not applicable 

Water(a ) 

3 

l 

0.1 

l 

1 

0. 2 

l 

0,2 

l 

NA(d) 
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Sediruen t (a) Tissue(c) 

0 . 1 0 .02 

0 .1 0 .02 

0 .1 0 .01 

0 .1 0 .01 

0. 1 0 . 03 

0 .01 0 .01 

0 .1 0 . 02 

0.1 0.01 

0 . 2 0 . 2 
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TAllLt II . 7-3 R£Cot-U•l.ENJ)ED OP.GAN! CS LlNIIS OF 
DETECTION FOR SED1NENT AND TISS1UE: MATRICES 

Compound Type 

Volatile 

Semi volatiles 

Pestici<ies/ PCB' s 

(a ) ug/kg dry weight. 

{1, ) ng/kg wet weight. 

Sediment (a) 

10-20 

1- 50 

0 .1- 15 

'fissne(a) Comments 

5- 10 All analyses 

10- 20 Low-level analysis 

0. 1-20 Low-level analysis 

for dispersal . Ii: is often associated with particles. that will 
settle, and it has been processed to some degree auring settling . 
Mec:hanically dredged material, released io a single dl.lll\ping action 
from a bottom-release barge will also minimize the dis t urbance of the 
ma terial and the release of oil fractioos . For these reasons, the 
meas,rremenc of oil and grease i.n materia1 to be dredged is coni;idered 
to be a relatively general indica tor that does not direccly contribute 
to an assessment of the potential effects of dredged material dis
posal. ·TI1ough the analysis of PAJls !s considerably more expensive, 
the information can be r elai:ed to possible adverse biologJ.cal effects 
of material disposal. ) 

o Total nitrogen [useful in conjunction with total organic carbon mea
sur ements as a general indicator of chemical concentrations by carbon
rich materials (e .g . , pape r products and coals) total organic carbon 
and tota1 volatile soU.ds are considered a dequace 1. 

o Chemical oxygen demand (used as an indicator of the potential oxygen 
consumption by dredged material during dredging operations ; low flow,; 
and low ambient dissolved oxygen are considered ns more useful 
fod.ic1ttOrs) . 
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ll . TEST INTERPRETATION: ALTERIIATI\TE lllOLOGICAL EFPF.CTS CONDlTlDNS FOlt SITE 
MANAGENEUT 

8.1 Overview. The porpose of this section is to iden tify alternative bio
logical effects conditions for site management ( he,reioaiter referred to as 
"site management conditions" or "site conditions"} that were considered for 
the unconfined, openwarer clispos,;u. sites in th~ Phase I area. 

Five seeps were ca'ken by El'WG in se.leccing a prefe,rred si~e 111anar,emeot condi
tion for the Phase I o1rea unconfined, open-water di.sposal sites . These steps 
are as follows : 

Step l. Selection of the general managem,;nt approach to cl.cedged 
material evaluation (see section I . 5) . 

Step 2 . Definition of variolls degrees of adversi: biological effects 
th.~c might occur at the sites (referred t(> as "biological effects con
ditions for site management" or "s ice conditions") (addressed in this 
section) . 

Step 3 . Devel<>pmeuc of dredged ma ·cerial e,valua tion procedures as a 
means co avoid exceeding t:he site condi cic,n liy : 

(a) specifying chemical and biologic:al testing requ,iremenrs (see 
section II .6 and 11,7) , and 

(b ) defining d isposal guidelines (te,st interpretation) , includ
ing biological response guidelines (!:or biological tests ) and 
sediment qualHy values (for che.micaL tests ) (addressed in chis 
s ect.ion) . 

Step 4. Assessment of t he environmental 5,nd econ6mit: conseqllences of 
the different alternative site condicioos (see sectiotts II. 9 "'lad 
II.10). 

Step 5 . Ide.otific:;,tion of the preferred biological effects condition 
for site l!lanagement in the Phase 1 area of PSDDA (see section II.11) . 

A number of differeoc definitions of possible biological ef£eci:s con<11 tion for 
site management were. considered (see table I I.8.1} . Ac each end of the r a nge 
of possible biological effects due. ro chemicals, e,xtreme s.i te managemenL con
ditions we.re def in ea. Ar the l~ end of the range, , one possible site ma nage
ment condition would he to allow only dredged mate,rial t hac doe.s noc con tai11 
measurable levels of any chemical. of concern (referred to as Site Condition 
OJ . Vi:rrually all sediments expected co be dredge:d in l'uger Sound will have 
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some measurable levels of a.hem:lcala of cot1cern (eflped.all y na tnr.ally occuring 
levels of l'teavy mei:als) . As a rest.!lt, use of this i:condicioo wotJJd result i n 
no disposa.1 of dredged ma t.erial at the unconfined ,, open-water rlisposal sites. 
Al though chis option would comply with the fJwA and Stclte Hate,; Quality 
Standards, (no unacceptabl e advP.rse biologj cal e Ei:ects at the unconfined, 
opeo-..ate,: disposal s ites, by having vir tually~ dischar ge 9t the sites), i t 
may not comply wl th the Ferlo=ral.. gui.del.ines when the consequences crf -disposal 
at wetlands and intertidal near.shore con.fined disposal sites are considered . 
This op t ion pl aces a l l envirolllllental risk. a t near1;ha r e and upland disposal 
sites and is considered enviranmen.:aliy, econom.ico1,lly, and politicRlly 
unacceptable . 

At the high end o.£ the biological effeccs range, Site Condition V would al low 
.111 highly contamina1:ed dredged ma t erial, up t a and lncluding danger ous wa,; le 
clas s ified sediments by Sl ate o.f Wash;ington Sr:;mdGtr.ds, ta be presen t at the 
unconfined, open--wacer disposal sites. 

The "Site Condition IV" defini t ion, described as "major adverse effects due to 
sediment contamination" and encompassing material_ up co, but oat including , 
materi a l defined as "dangerous waste" per State hc1zardow; waste l a,;s, is si m:i, 
la r to Site Can<:lit1on V i n chat .almost all Puget Sound d.rerlged material would 
b e allowed for t.lisposal a t the unconfined, open-waiter sites (i .e . , very lit tle 
mater ial contains this degree of ci;,emical concen t rations ) . 

Ne ither 8.lte Conditions IV nor ii were considQrecl- as acceptable bi,;l og!cal 
effects conditions at t he d isposal sites . These c:onditioos do noc "prese?:Ve, 
maintain, or enhance" the integrity of the aquatic ecosystem (per the GIA) . 
Accordingly, nei tber condition was recommended fot· de tailed planning wi thlo 
P.SDD1L Although these site conditions woll.ld provi.de t he least expensive 
option:, for the dredger, all the envi ronmental ri;;k associated with d.redglng 
and disposal would be allocated to the aquatic environment . These conditions 
wou.Ld not be permiss ible under cur rent Federal or State law. 

The i:eruainJ.ng "gray area" was divided i n to three d.ifferent "a.lcernative bio
logical effeccs coodit:.ions for site management:, .. e,ad1 desc.t:ibing a differ ent 
degr ee of adver ',e eovlrornencal effec ts on biologlt.al reso1.i1 .. ces at the -Sites . 
Th e various conditions di.ff er by hav ing increasing, degrees of ef:'ects on 
resour ces at t:be disposal site, from "no advei::se effects due i;o sediment chem
i cals " to ''mo<rerate adverse effect s due to sedime11.t chemicals " (Sice 
Condit ions I-Ill, table U . 8-1) . 

Site Condition I ( no adverse chemical. effects on biological resources ) , Si te 
Condition Il (ro.ioo11 adverse chemical effects ) , and SJ. Ce Condition Ill (mo de r 
ate adverse cheinical effec-ts ) all define site conditions which , depending upon 
interpr etation, co u.Ld comply wic:h !:he Secti on 404(b)(l) Guidelines . As -a 
matter of comparison, each Of i:hese options were c11rr~ed forward £or detailed 
inves t igation. 
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TABLE TI.8- 1 

ALTERNATIVE llEFIIIITIONS OP poss:mu; lllOLOCICAL 
EFFECTS CTJN01TIONS FOR MANAGl'...J,iF.1'1T OF THE 

UNCONFINED, OPEX--WATJ:R ursPOSAL SIT.ES IN PHASE I AREA 

Site Condition () : No Chemically- Related Effects c,n Biological Resources Due 
to the Absence of Heasurable Chemicals of Concern . 

Onsite sediments do not contain chemicals at concentr.ations above 
"l!alyrical det:ec tion limits. 

Site C,ondition I : No Adverse Effects on Biologi ca.l Resources Due to Sediment 
Chemicals 

No species will be ailected due to sedimeo.t chemicals with.in the site 
in t he snort (acute ) or l ong (chronic) term . 

Sit .e Condition II : Minor Adverse Effects on Biolc,gi cal Resources Due to 
Sediment Chemica l s 

Some s pecies may be affected within tile si,t e from l ong- c.ern, exposure 
co sediment chemic.a.ls (only sublethal effects are anticipated ) . 

Site Condition ill : Moder ate Adverse Effects on 1:li.ol.ocica1- Resources Ilue to 
Sediment Chemicals 

Nany species may be affected within the site £row both shor.i;:-term a nd 
l ong-term exposure ta sediment. chemicals (both lethal and sublethal 
effects are possible) . 

Site Condition IV: Major Adverse .Effects on Biolc,gical Resources Uie to 
Sediment Chemica1s 

Nost species Within the s ite may be affected by even shore- term 
exposure to sediment chemicals (with substantial lethal effects 
l i kely ) . ( This level includes onsite sediment chemica l concentracJ.ons 
□p to, bu t not i ncluding, "Dangerous Waste" material per State 
hazardous 1-tast:e laws. ) 

Site Condition V: Severe adverse liffec t s on Biological Resources !AJe to 
ftighly Contaminated Sediments 

All dredged material, including "Dangerous Waste" material, could be 
discllllrged at unconfined, open- water dispo,sal sites . Species ons i te 
are likely to experience severe lethal effec t s due to sbQ,;- t-cerm 
exposure co material at this level. 
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llr-ed_ged material <:Valuation procedures (sampl fog i~eguiremen ts, che!Ilical and 
bio.LogicaJ. rests, and disposal guidelines), promulgatM pursuanr. c:o the O{A 
aut11orHi es of che Corps, EPA, and &:ology are usi;d as the primary means of 
ensuring that the. preferred biological effect$ si1ce mana-geoiea t coodi t!on is 
nor Violated. The evaluation procedures can assi,;t regulatory agencies i.n 
assessing whether- disposal of a dredged l!late.-ial .from a 11iven project would 
r:esulc :1.n unaccep~able adver se impac t s co the wa t t!r column or be11~h.ic environ
ment and, as suc:.h, would or would not be compR tib.le wi ch the preferred 
disposal site coadi tlon. 

TILe maximum degree of potential biol ogical e.ffectit (section Il-8. L) and 0£ 
chemicals of concern (section II- 8. :3) were de.fined for each of the three site 
con di ti ons. Chemical "t-r:igger" levels for the. in:lcia tion of btoaccuunila ti,on 
tests in the chari<cterization of dredged material were also defined (section 
Il- 8 . 4 ) . Ilie alternative site management conditic,ns 'ilece defined in "labora
tory terms," such chat alternative tes t .interpretations (disposal guide.lines) 
could be de:velope.d for the biological and chemir.aJ. tests. Checdcal guidelines 
for the £i-r:s t th-r:ee effects conditions were ser. based on sedimen ~ quality val
ues developed for Puae.t Sound t hat relate chemical. concentrations to potcmt.ial 
biological effects . 

ll. 2 Options for Biological Effects Conditions fo r Si-ce ~lanagemenc. The 
o ptions conside-=ed for the upper level of biologic:a.L effect:s for Site Condi
t.ions I, ll, and III f ocused oa the use of acute bipassay results as su=ar
ized in cable. II.8-2, The .. laboratory" defin.itioc, 0£ the a],ternat!v<;> .si,;e 
management condlt.ions was developed by EEwG as follows : 

o Site Condition I : "No significant sublethal,, chronic toxitity" 

o Site Conditt-on II: "No si-gnificapt acute toxic.icy" 

o Site Condition IIl : "1/o sever:e acute to,::i.c.ity " 

Tl1e de t ermination of a s.i,gnifitant: c-0xicicy res porlse ls by comparison of test 
results for organisms maintained in samples of mat;erial co be dredged to test 
results for organisms maintained u,1der reference ,;;edimenc conditions . TI1e 
primary function of "control" is to indicate acceptable conditions for main
tenance of nealthx test species in the laboratory during biologioal testing, 
and to provi.de a measure of mor-cality to test organisms helci under Iabo,:atory 
c,;,oditions . Furth.ermore, the pe-r:forlll8nce standards for .. concrol" c ondi tlons 
{no mot:e than 10 percent morcali ty) and fo1: "refei:ence" conditions ( no more 
than 20 percent absolu-t:e ruort:ality over control) ( e. .g., figure. II. 8-1) en.ab le 
9 test response co be iJlterpreced i□ a meaning.fill way. 
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1. 

2. 

3. 

H 
t-1 
I -,-w 

4, 

5. 

0% 100% 

RANGE OF ABSOLUTE MORTALITY 
IN TEST RESULTS. 

0% 10% 

RANGE OF PERFORMANCE STANDARD FOR H CONTROL RESULTS (S: 10% ABSOLUTE 
MORTA~rTY). ~ 

QO/o 20% 30% 

RANGE OF ACCEPTABLE REFERENCE RESULTS 
(PERFORMANCE STANDARD RANGE IS $ 20% 
OVER CONTROL). 

o~ 
" 20% 30% 

RANGE OF LOWER LIMIT OF "STATISTICALLY ,~i,iiij:iilOiil-H 
SIGNIFICANT MORTALITY" IN DREDGED 
MATERIAL RESULTS(~ 20% OVER CONTROL). ..--. 

O¾ 30% 60°(0 

RANGE OF SINGLE-SPECIES (AMPHIPOO, JUVENILE I··· ... ............ 1 
BIVALVE OR SEDIMENT OYSTER) UPPER L IMIT OF 
" NO SIGNIFICANT ACUTE TOXICITY"\$ 30% OVER 
REFERENCE). 

Figure 11.8-1. Relationship of control , reference, and tes t treatment bioassay results in determining significant 
acute toxicity in sediment toxicity tests for dredged material. 



TABLE II . 8- 2. llIOI.OGICAL DTSPOSAL GUIUELlNES FOR 
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o Site Condition I "No subletba,l or acute toxicity" 1s defined as: no 
one acute sediment t oxicity bfoassa_y(a ) exhibicing 
a statistically signif:lcant (P less than O ,05) 
response over referencH cond i tions and exceeding 20 
percenc absolute mortallity over con·~ol; water 
column larval i:espon.se does not exceed O. 01 of t:he 
LC50 al1:er 4 hours of nrlting; an d 110 bioaccumula
Cion levels exceeding a human health tissue guide
line value. 

o Si t e Condition ll No "significant acute t:oxicicy" is defined as: no 
two acute sediment toxj.city bioassays exhibiting 
the a bove conditions; anrl no one acut e sedimeoL 
toxici cy bioassay respc.>ns e g r eater t han or equal to 
30 percent(b ) ove.r rcfe,rence condi tions and scacis
Lically signific<IIlL -wi 1:h respect co r eference con
ditions; l<ater column larval response does not 
exceed 0 .01 of the LCS~l afLer 4 liours of mixing; 
and no bioaccumulation levels e:-:ceeding a human 
heal th tissue gnidelinE, value. 

o Site Condition III - No "sev~re acute toxicj_ty-" is defined as : oo two 
acute setli,.men t toxicit)' bioassay responses greater 
than qr equal co 30 pez:ceni:(b) pver reference and 
statistically significant with respect co refer ence 
condicioos j and no more!. than one .acute sediment 
toxicity bioassay respcmse greater th.an or eq_ual to 
70 percent over referenc-e and statistically signi
ficant with respect to reference conditions; water 
column larval response does not exceed 0 .01 of the 
LCSO aftei:- 4 hours of mixing; and no bioaccumula
tion levels exceeding btuman health tissue guideline 
value .. 

(a ) Biological tests chat are used in the disposstl guidel.ines are discussed 
in section lI- 6 . 
(b ) Greater than 30 percent (absolute) over, reference: e .g ., if reference 
mortal:cy is 12 percent , cest mortality cannot exceed 42 percent. 
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In the absence of a acceptable sublethal test, th<? llpper limit £or Site Condi 
tion I bio] ogica1 res-ponse is established at ·•no /;pecies sr101-1ing acute 
COx.f.city. ,, 

For Site Condition II, "significant acu te toxicity" ls defined table Il.8- '.! . 
The 30 percent V1llue shown in t he Site Condicton :u biological guidelines was 
selected primarily because of historical precede·nce in interpretation of bio
assays. When only one spe.cies o f the three cesred i ndicates a s-tatistically 
significant response relative to reference, the 31) perce_nt g□ideline is used 
to determine wheo sedimenr; coxici1:y i n the s i ngle species is sufficient co 
indicate a "significantly acute" condition in t1te l.ab . 

For the acute sediment toxici.ty tests using Site (;ondition II, the amphipod, 
juvenile bivalve, or sedimenc toxicil:y larval (or embryo) mortaliry response 
alone may serve to indicate material unacceptabil ;l. ty. If the dredged mace.rial 
total mortality in any one of th.e,re tests is sign;lficantly gTcater than !:'he 
total mortalicy in the reference (more than 30 peircent absolute), and if the 
test materfal is "st:atistically sign:Lfic.ant" rela1:ive tu reference, the maGer
lal is considered unacceptable for unconfined, op,m--wa·ter disposal . The 
definition of "scac:istically signlficant" acute r<?sponse requires both a sca
cistical difference from referenc;e ., and a total ml)rcality in the dredged 
m,nerial test results that i ·s greater than 20 pe,<:ent (absolute ) over the coo
t , o l results (i.e., exceeds the •·performance standard" for reierence test 
resultG). Also, if i!JlY two of the J J:J!)hipod, juve11ile bivalve, sediment tori
city lal'Val and Hicr o tox .tescs sho\-1 a "statlsticaJlly s.igni_ficant" acuce 
response relative co re£erence, lhe material is co11sideced unacceptab.le for 
unconfined., open-water disposal. 

Thollgh a use£ul indicator of relative sediment tmdcicy, the results of the 
llicrocox tesi: are oo-re difficult to relate to advm·se effects at the disposal 
site than are the results. of the ni:ber recommended acute tests . For this 
reason , ~he requireoent to conduct the Micr o t ox t,~st is solely for the assess
ment needs of Section 401 water quality certificat:ion reviews . The Mic:rotox 
cest result alone i s no t used to judge material a1:cepcability . However, it 
may be used in combinatj.on with the other acute sndiment toxicity rests t o 
detecrnine acceptability for unconfined, open-water disposal . For purposes 0£ 
coi:roboracing ocher test results, a signtiicanc r ,:s-ponse for saline-extract. 
microtox is defined as 'I- dredged material enracc concentration decrea.se of :o 
percent or more below re£erence e>:t:-rac t {15 I11in .. EC 50) (also stacisdca]ly 
uif~erenc from reference) , For example , the following data would 1;,e lndiea
uve of an unacceptable (per Section 401 ) dredged mate.rial : 
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Mi crotoic tests resLJlts amph.i.pod m,ntality 

(ul/1, 15 min. EC50) (pe,;-cenc, ,absolute) 

control : 100 + 2 

referenc~ : 90 + 5 

dredged material: 45 + 10 

contr ol: () (mean).± OX 

reference : 5 (mean) _±: 5% 

dredged material: 2 5 (mean ) + 7% 

ln cbis case, the dred,&ed mat erial test result~ a1:e 25 percent (absolute) o ve r 
control for the amphi pod, (exceeding i:he '' 20 perc,mt over aoncrol" guidell,ne) 
nnd are 45 percent below the reference value for Microtox (exceeding the .. 20 
percent below" iuidtline) . Both t ests are statisi:lcally di.freren t from 
reference . 

Inte_rpretation of the water colwnn lar val test (f<>r Sec;:tion 404 evalLJations ) 
reqUires an assessment of ches possibility of unacc~ptable adverse effec0ts 
occurring In the water column . The appropriate a!,sessmeoi: l s 4escribed ia the 
~PA/Corps impJ.ementatioo manual for ecol ogical eval uation of dredged material 
dispos al in ocean water s (appendixes D, D, a-nd H) . The assessment is ~one by 
statistically compar ing the larval ,;;urvival after !16 hours in the seawater 
control to s urvival in the dredged mater ial suspended phase e xposures, inclua
in{l the cot1sidera tion of irl.i. tial mixing that might occur at the dis po.gal site . 
/Is described in the implemeni:ation manual, the cirE,dged material will be con
sidered acce ptable for unconfined, open- water disposal. oaly i.f the test 
results and initial mhfog calculations (after 4 bouts) indicate that the 
.. l im.i Ling permissible .. concentration (Ll'C) would m>t be e :<ceeded . 'r'he lPC fa 
tlte concenicrai::i on of the dredged ma t er ial suspende d phase wh.ich, .afce_r allow
ance for initial mixing, w-ill not exceed a tox:i.cit:y threshold defined as 0.01 
'If a coaceni::rat.ion shown to be a cutely toxic (LC50) to che larvae . In oc.her 
words, 1:he l arval test will indica t e chat thee mate,rial is. acceµJ:ahle for 
uncoofi necj, open- water disposal i£ one one- hLmdret:11 (0. 01 ) of the concenna
t:ion resulting in SO percent mortalii:.y of the larvae ( LCSO) is not expected t o 
be exceeded aft:er 4 hours of mJ.xing at the dispos.;tl site. Appendixes D and H 
of the 1:;PA/Corys manual for implementation of Section 103 of the Marine Pro
cection, Research and Sanct'Oaries ~ t of 1972 (EPA/Cor ps, .1977) provide for
th er details on data analysis and incerpretat.1on t:o be used wich the water 
a~lumn lar val cest . 

Site Cond i tion lit, "severe acute to:d.c.it:y", is def.1.oed in table II.8-2 and 
represents a higher degree of confidence r equired to demonsi:ra t e to,rtcity 
relative to the Site Condi tioa II guideline . 'The cecommended s ite co[lrii tioa 
for t he unconfined, open- water disposal sites in t:he Phase, I area is discussed 
in s ection I I - 11 . 2 .. 
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8 .3 Options for Setting Maximum Chemical Concentrations for Site Hanageroent 
Conditions . The range of options considered for n~x::lmum allowabl e levels of 
chemicals of concern for the four site condit ions included ( in order of 
increasing conce ntration for a chemical): 

1. The lower confidence limit for the l owest AF..T ( .!!ee Section ll- 7 . 2) 
determined for a r al)"ge of biological indicators 

2. The lowest AET detennined for .a range of biological indicators 

3 . Ille average AET determined fot: a range of biological indica tors 

4. The highest: A.BT de te.rmined for a range of biological ind,ica tors 

5. The upper conf .ldence limit for che highest: AET 

6. A factor times the hig l1est AET 

7. Ecoiogy regulations for n1ngerous Waste . 

The option used ior rna,cimum chemical levels fo·r ea.ch of tile three si t e condi
tions is summarized in table Il . 8 - 3; numeria;u values are given j,n table 
II.8- 4. Maximum 1evels have not yet been assigned. for some chemica l s (e .g . , 
p.entachlorophenol) £or the reasons cited 1a tabJ,e II .8 - G ( see f ootnote •a' ) . 

The final maximum chelnical level acceprnble £or un,confined, opepwa ter disposal 
is discussed i n .section -1 I - ll.2. 'The 1-ationale fcor selecting each maY.imum 
leveJ in relation to the alternative biological ei'fects conditions i s dis
cusserl in the following secti.ons. 

8 . 3.l Maximum Cbem.i.cal Level for Site Condidon I. Three options were pr o
posed for sett.:(ng a maximum chemical level for Sic:e Condii:ion I (HU; i.e., 
the chemical concentration above which dr edged ma,:erial has reason to believe 
that it woul.d be unacceptable according to Si. t e Ccmdition 1 disposal 
guidelines f or uncon£ined, open- water disposal) : 

1 . The lo1<est A.ET for a range of biological indic,1tors 

2. Th~ lower 95 percent confidence limic of t he lowest AET fo r a cange of 
biological inclica tors 

3. 1\Jenty-five percent of the ~!L2 value (see section 8 . 2 . '.;! . 2; the adjust
ment represents a .safety facto r for MLl) . 
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Option l was selected £or ~U..L. The lowest AET re1?t:esencs the c hemical concen
tration above which an unacceptable adverse effec-t is always expected by one 
biological i ndicator. This level 0£ effects corr,?sponds to Site Condilion I 
( section ll-8 . 2) . 

8 . 3 . 2 Na,dmum Chemical Level_ £or Site Condition J[I. Three options were con
sidered £or setting a maximum chemical level for :,ite Condi-tion ll (i.e ., 1-l.L.il ) : 

l. The lowes t AET for a range of biological ·tndicarors 

2 . The median AE'r £or a rang<c of biological :[odicalors 

3. The highest AET for a r.anP,e of biological iQdicators . 

Op t ion 3 l·1as selected . The highest AET represent,; the chemical co ncem:raci oo 
above which all of t he biological i ndica tors ate i,,cpected to exhlbit signifi
can t effects. flence, by ·selecting tnis value for ML2, the mate,fa.l woul d pro
;>ide a r eason to believe that Site Condition Il (,;ect.ion l l -8 . 2.1 ) was reach ed 
(i.e . , the dredged material is expected to be una,:ceptablec according to Site 
C.ondi tion II guidelines 1,'ithout bi ll.logical tes t.ing). 

8 . 3 . 3 }Jaximu111 Chemi cal Level £or Site Condition .[II. 'fhree options were 
considered for setting a ma.ximum chemical level for Site Condition l II ( i.e., 
ML3) : 

1. The upper co(Lfidence. limit of the highest AET 

2. 'fhe aritrunecic average of che Hl4 and l1L2 Vall.Jes 

3. The 'll.1 va1-ue t.lmes a factor. 

Option J was select ed; t he ML3 values wer e de fin eel based oo an interpretation 
of the difference between "·significant acut:e toxi,:ity" ( greater than 30 pe:r
cenc res ponse) and "severe acute coxici ty" ( greate,r than 70 percen r_ response ) . 
This higher level of effects addresses the intent of Site Condition III 
( sectien 8.2.l) at which toY.icic.-y in t he range of :30 t o 70 percent mortality 
is e:;pected among bioassay indicac-ors . Many dose·•re_sponse toll'.:lcity curves are 
sreep. Once a ,esponse is seen in 30 percent ·of t:he test population , a 70 
p~rcen t ,esponse is typically observed with only ct small incremen t in chemical 
concenc-ration. Consequently, t he JIL3 v,1lues were arbitrarily sec at twice the 
ML2 va.!.ues . As sediment quali t y values are refinc,d to be t ter indi cat:e "severr._ 
adverse effects " , these revised Values may be used to supplant tl1e .'1L3 values, 
if needed. 
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o Site Condition 1 "No sublethal or acutH coxidty": chemically 
defined as HT...! (a), whc?re Nl.l is the lowes c AET( b) 
for a series of biological indicators (i . e . , 
higher concentracions are expected to result in 
effects measured by al: least qne biological indi
cator) 

o Site Condition II No "significant acu ce torld ty": chemically 
defined as HL2, where NL2 ls the highest AF.T for a 
series of biol ogical :lndiators (i .e., higher con
centra c-ions are ai<pec l:ed co result in effects 
measured by each of che biological indicators ) 

o Site Condiclon III - No "severe acute toxicity": chemical ly defined as 
ML3, where ML3 is cwic:e ML2; although somewhac 
ar·bitrary, this highe,c concentration of concam.i
nan ts is expected to 1:esult in more severe. effects 
t han ac HL2 (i .e . , siroilar to tbe observa t ion that 
toxic.i ty curve:, continue to incre11se sharply above 
the level chat toxici l:y becomes s catistically 
significant) 

(a J )IL = maximt!lll chemical levels es cablished for Site Condj,tions I, LI, III, 
a nd IV are discussed in section II-8.2; numerical values £or each maximum 
level are given in table JI .8-4. Dredger option 1to conduct biological ces r ing 
e.'<i$ts (see section II-2.5) . 

( b) AET z Apparent Effects Threshold; s ee caeccion lI. 7- 2. 
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TABLE lI.8-4. SCREENING AND HAXDWM LE:Vll CHENIS'l'RY VALUES 

Chemical SL* nIJ." ML2* 1113* 

META.l.S (mg/kg clry weight; ppm) 

Antimony 2.6 J . 2 26 52 
Arsenic 70 a·- 700 1400 . ) 

Cadmium 0 .96 5.8 9 . 6 19 . 2 Copper 80 310 800 1600 
Lead 70 300 700 1400 
Mercury 0 .21 (} . 41 2.1 4.2 
Nickel 28 2B I, 9(a) 98 
Silver 1.2 l..2 5. 2 10 . 4 
Zinc 160 260 1600 3200 

ORGANICS (ug/kg dry weight; ppb) 

Low molecular weight PAH 610 5200 6100 12200 

Naphthalene 210 2100 2100 4200 
Aceoaphchylene 64 560 640 1280 
Acenaphthene 63 500 630 l260 
Fluorene 64 54() 640 1280 
Phenanthrene 320 1500 3200 6400 
Anchrsacene 130 960 1300 2600 
2- Methylnapthalene 67 6 70 570 1340 

High molecular weigh t PAH 1800 12000 18000(a) 36000 

Fluoranthene 630 1700 6300 12600 
Pyrene 430 260() 4300(a) 8600 
nenz (a)anthracene 450 1300 4500 9000 
Chrysene 670 1400 6700 13400 
Benzofluoranthenes 800 3200 8000 16000 
Benzo(a )pyrene 680 1600 6800 13600 
Indeno(l,2,3,-c,d)pyrene 69 600 690(a) 1380 
Di benzo(a,h) anthracene 120 230 1200 2400 
Benzo (g , h , i )pery len e 540 670 5400 10800 
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'l'.MLE II. 8- 4. ( Cootin,ued) 

OILORINATEJJ HYDROCARBONS 

1,3-Dichlorobenzene 170 b b b 
1,4- Dichlorobenzene 26 1:LO 260 520 
1 , 2- Dichlorobenzene 19c ]5 50a 100 
1,2 , 4-Trichlor obenzene 6 . 4 :n 64 128 
Hexachlorobeozene 23 70 230 460 

PHTHALATES ( c ) 

Dimethyl phrhalate 160 d d d 
Diethyl phthala te 97 d d d 
Di - n- buryl phthalate 1400(a) d d d 
Butyl benzyl phchala te 470 d d d 
Bis(2-e thylhexyl)phthaiate 1900(a) d d d 
Di -n-octyl phthalate 68000 d d d 

PU.ENO IS 

Phenol 120 4:w 1200 2400 
2- Merhylphenol 6 . 3 63 63(a) 126 
4- Mechylphenol 120 6:10 1200 2400 
2,4- Dimethyl phenol lOc ;!9 29 58 
Pentachlorophenol 140 b b b 

HlS C:ELLANEOUS EX'IRACTABLES 

Benzyl alcohol 10c S7 73 146 
Benzoic add 216c 6:>0 650(a) 1300 
Dibenzofur an 54 51;0 540 1080 
llexach.loroe thane (e ,f) 1400 240(10 14000 28000 
Hexachlorobutadiene 29 l~'.O 290 500 
N-Nicrosodiphenylamine 22 4•0 220 440 

VOLATILE ORCAJUCS 

Tricllloroechene(e ,f ) 160 1600 1600 3200 
Tetrachloraethene 14 l ~,O 140(a) 280 
Ethylbenzene 3 . 7 ]3 37(a) 74 
Total xylenes 12 100 120(a) 240 
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TAlll.E II.8- 4. ( Con t i n (ied} 

l?ESTI CIDES 

Total DDT 6.9 J4 . 9 69 DB 
Aldrin 5 I~ g g 
Qu.ordane 5 Ii g g 
Oicldrin 5 g g g 
He pta chlor 5 g g g 
Lindane 5 g g g 

TOTAL PCBs 130 J.30 2500 5000 

,. l he folloi,i ng pr ocedur es we r e used to develop SL, MU, ML2, and"/i.13 : 

SL 

MU = 

ML2 

ML3 = 

10% of ML2 or r e f erence a r ea concen t raU on, whichever ls highe-r , bu t 
no g r ea t e r than t he l owest A.ET £o r a r anll•" of b i ologica l i ndicators. 
Lowes \; Apparen t Effec t s Threshold Value ( LAET) fo r a r ange of biolog
ical indicator s. 
llighest Appar ent Effec t s Threshold Va l ue (HAET) for a range of biolog
ical iodica t or s . 
(ML2 ) X (2) . 

SL and HL val ues l>howo i n this cable a re chose ori,ginal l y der ived during t he 
Phase l study . As a r esw. c of information r eceiv,;d dur i ng p ublic revie"' of 
the Phas e I documen t s, s everal of t he values have been upda t ed (see table in 
s"ec t i on TI- 11 f or curren t values ) . The olde.r va l nes are l eft her e to reflect 
the his co rical de cis i on proaess . 

(a } The ML set for chi s chemica l is based on a bJcological indicator with a 
definit i ve A.ET. These val ues may be ad justed u pwnr d baseil on another biologi
cal indica tor which i s currently re pr es en ted by a "greater than" value for the 
.Af:T ( ,.;P.e the Serliment Qual l t y Val ues r e port; exhibit E- 21) . Fo r s11ch biol ogi
cal iadicacors, the "grea ter than" va l ue is t he h;:ghest conce n t r ation of a 
chemical above whtch t here has yet to be a bioass«y chat met disposal guide
lines, a nd indica t es cha t tbere were no impacted ~; cations 1rith chemica l con
centrat i ons above chis value ( a req ui remen t for .s~,ccing definitive AET ) . 
Dur ing r eview 0£ actual testing data, it 1<as de t e1:mined that these "greate r 
than" v;ilues are use f ul estimates 0£ t he maximum J.ev el un t il more definitive 
dam a r e avai l able . 
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TABU Il.8- 4. (Con tinued } 

(b) No ML was originally set fo-r: these chemicals because definitive AET could 
not be set £or any biological indicator (see disctission on "greater than" 
values in footnote a). NL values may be ,issigned £or several of t hese chenii
cals based on the highest "greater than .. value pnisented ln the Sediment 
Quality Val ues r eport (exhibit E- 21) . 

(c) For these compounds , the reference concea t r a1:i on was higher than the 
i:alculated value o'f SL ,so $L was sei: a t the referiince V<!lue . 

(d) Biological testing should nor be tttggeretl S(llely by the presence of 
pht.halates . Because i;bese compounds are often pr,:·sent as lubor.atory chemicals 
of concer n, the highest AET was u,;ed as the screening level aml no maximlllll 
levels were set . 

(e) These ML2 values 1;e:1;e set: nsing che Equilibrj _um Parcitioning approach 
(Tecra Tech 1986j) because no AET values 11ere avail able . 

Cf) .Fo, c.hemicals wi cn ML2 values set by the EquHibrium Partitioning 
approach, MLi was· set eq i,al to ML2, ,ind SL and ML.cl values were, calcuJ.ated from 
i-1L2 according to the formulas givea above . 

(g) SL fo, ches,: pesticiiles was set to 5 t:.mes &t ass11med anaJ.ycical de teC! 
tion limi t of l ug/kg tl.ry weight sedimenc. No sediment qual.i cy values were 
avililable for se·tting maximum levels. 

8.4 Procedure for ~fining HumM Health Bioaccum,uat:ion Leve.ls . 8ioaccumula
tion 'ralues for those chemicals chat ar e a human heal th concer n because of 
fish constimption we.re calculat ed by estimadng d.ti.ly constimption rates of fish 
chat could have been exposed a t t he dis posal site, calculatir\g the target 
tissue concentration values, and comparing the i:at·get values to data on bioac
cumulat.ion for species from Puget Sound . These c,crgec values will be used co 
inr;erpre t labor atpry bioaccumulaeion tests on proposed dredged materi;i1 rela
tive to human health concerns . The Puget Sound btoaccumulation data used in 
chis study included laboratory and field data for: species (mostly bivalves} 
from sediments that a r e r epresenca tive of bo,:;h refer ence and non-reference 
areas throughout Puget Sound . 

8 .4 . 1 Assumptions· Made in Calculating J\.d jus,:;ed lle,alth Indicators. .adjusted 
health indicators we.,-e developed by E~"WG to appro~:imate tissue concentrations 
of concern . The fol.lo1;ing simplifying a,ssumptions were made concerning the 
reJ.ac.ionship becween tissue concentrations of chemicals of concern in ,iquatic 
species and potential human health concerns, 
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o Human exposure ,route is primarily through cons11rnpcion of fis h that: 
c:ould be directly exposed to bott.om sedim,lllts a c lhe disposal site 
(1 .e . , flatfish ) 

o All human exposure (const!Jllption of flat:ft;;h ) comes from a single popu
J.ation of fish h'1ving a home_ range that includes the disposaJ. s.i ce 

o &posure of the flatfish populat ion is di 1:ectJ.y proport:ional to t:he 
a r ea of the home range covered by the disposal si t:e 

o Tis-Sue_ concentrations of flatfish are diri,ctly pr oportional to 
eA,>osure a t the site (assumes 100 per cent assimilation of chemicals of 
concern) 

o Boch flat:fish and human exposure f accors c:an be expressed as reduced 
consumption rate (i .e., cha t all f ish in t:he home r ange are equally 
available t:o be caught) . 

8 .4. 2 Target Tissue Concentration Ca lculat1on Moclels . 'To ca.lctilate carget 
t issue concen t ration of chemicals that might pose a human health problem if 
the tissue was i ngested, the following models wen, used: 

for chemicals posing a carcinogen risk : C = (R) (;;1) / (B) ( I) 

where : 

C a target tissue concentra t ion 
R reference risk level 
W = reference human weight 
lJ = pote11cy factor for the chemical :in quesci on 
I= a verage sea.food ingestion race per human. 

for noncarcinogens posing a human heal t h r isk : C = (RFD)Ov)/I 

where : 

C = target tissue concentration 
RFD = refer ence Risk !lose < Accepta ble Daily I n t,ake ) Values 

H = reference h=n weight 
I= average seafoo<l inge~tion race per human . 

0 f the var iables given in che above ciodeJ.s, severaJ. have established values 
tha t. are sec by EPA documents (see Tetra Tech 1986a) . These indude. v<1lues 
·for B, RFD, and W. The values for ii and RFD are established based on toxicity 
da ta £or the chemical ln qu,as t i on and W is set a t 70 kg, which r epr esents the 
weight- of a "reference man .'' Two vai; iables tha t are s.ubjecc co policy deci
sions are the refere,'-ce risk level (l!.) and the sea food ingestion rate ( I). Ia 
a previous EPr/G meeti n,11, cbe dec-.i.s ion 1;as made t:o set (R) ac a value of 10- 5. 
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8 .4. 3 Sea.food Iagesc-ron Rate Estimate . Seafood .ingestion rates that estimate 
the amount o f fish caught and eaten tha t could ha•,e been exposed to ciredged 
material a c the unconfined, open--wa ter, disposal sites were calcula ted based 
on the following a.ssUlllpti ons and available data, The i ngestion estimates are 
calculated for bottom fish caugh t by recreational anglers only : 

o Baseline sea£ood consumption rates f or se;ifood caught in urban bays by 
recr eational anglers were based on the da lta of Landol t et al . (1985). 
According to their report , cche average da:lly fish i ngestionrete for 
seafood from t he urban bays is 11 g/day ( 1MbJ.e 62d, p . 65 in Iandolt 
~ al. 1985) . 

o Toe above value was adjusted to reflec t the percentage of seafood 
caught that was r epresented by flee.fish. (whi ch are the primary f infish 
t hat would be exposed to t he open- water dJcedged material mound) , 
Accor ding to Lmdolt £.!:_ al . 1985, bottom flatfish represen t 2.5 per
cen t (by weight.) of the 1:acal amo unt caught , Therefore the amount of 
seafood eaten that is compose-a of natfish = il g/day " ( 2 . S per cen t ) 
= 0.28 g/day. 

o Toe £oorj ingestion .rate was further adjusl:ed to reliecl: the, a motmc of 
consumed f l atfish chat c:ould have been expoi;ed to dr edged material at 
t he disposa1 mound, Th.is was accomplished by estimating the percent 
of the individual ltome range for bo ttom f·i,sh t hat was covere d by tl1e 

disposal site . This value is then a pplied co che da ily ingestic,11 r ate 
to provide an estimate of the dietary contr ibu tion of fish eat:en chat 
might have been exposed co the dispos-<11 mountL. 

S cu dies on the nonrandom occurrence and stable pei:cen t i ncidence oi fish liver 
t:-umors and tagginJt""recapture studies indicate tha1t flatfish exhibit n home 
range, tn which juveniles and adults spend most o f t.heir lives within a giyen 
area . Bot tom fisn have also been shown ·co exhibi1: seasonal llligratieos per 
peodicula:c to the shoreline in an area appr olCimarnly bounded by t he 600-foot 
depth contour (Tetta Teen 1.986; Bargmann , G. , 1986, personal communication ) . 
The longshore excent of the home range i.s not known, but it has been approxi 
mated by the di.stance be tween Wes t Poin t a nd 'rerm:lna] 90/91 (approximately 
3 .2 mi ) . It is impor tant to note t hat estimating the areal extent of a f i sh's 
home range is a very uncertain exercise and such l?s tima tes should be under
stood co be very rough, 

Jla~ed on r:hese data and assumptions, t he final st,!ps leading to the estiwated 
aeafood ingestion race were: 

1. Home range area estimat e 2,334 au 
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TABLE I1 .8-5. RESlfLfING TARGET TISSUE COHCEN'IRAIION VALUES ( f!I ) 
F'OR Cll:EMICALS OF O)NGERN TO ffi!HAN ll.EALTH 

Ma.x . Re£. 1-lifi . Non-ReE. 
Chemica l HI ( ppm){a) Value Value 

Antimony 5,600.0 
Arsenic 10 . l(d) 32 17 . 7 
Meccury 300.0 0 . 21 0 . 20 
Nickel 20,000 . 00 Ul>(b) 0 . 33 
Silver 200,0 0 . 14 0 . 36 
Denzo(a)anth r acene 1.2 0 .005 0 . 23 
Fl uor an thene 8 ,400 . 0 
1, 2-Di c11lorobenzene 300 .0 ND !JD 
1,3-Dichlorobenzene 300 .U CID lID 
1,4- Dichlorobenzene 300 .0 ND ND 
Dimethyl phtbala t e 300,000 . 0 lJJ) 0 . 20 
Di- n- butyl ph thal ate 30,000 . 0 UD 1 .7 
Bis(2-e t hylhexyl) ~,thalate 18 ,000 .o 0 . 13 0 . 25 
1-lexachlo r oetltane 198.0 ND !ID 
Hexacblorobutadiene 180.0 UD ND 
Phenol 3 , 000 . 0 NJJ !ID 
Pen tachlorophenol 900 .00 ND ND 
E;t hylbenzene 600 .0 ND ND 
N--ni ti:osocli phenylalltine 2 ,845 . 0 HD ND 
Hexachlorobeozene 180 .0 0 .003 0 .07 
Trichlorl)etherie 127 .0 ND(c) ND 
Tetrachl oroetbene 27. 0 ND l\'Tl 
Total 00'.t 's 41.0 0 .007 0 . 06 
Aldrin 1. 2 0 .001 0 .004 
Chlordane 8 . 7 0 .004 0 . 02 
Dieldr-in 0 .46 0 .002 o.oa 
fie pt:a chl or 4. 2 UD 0 .007 
PCBs . 2 1,) .10 4.9 

(a) Tissue concentration values r esul t fro□ an expos ure o.nalys i s chat cal cu
la tes poten t ial transfec- of chem:i c.als from the di;;posa-1 site to humans via 
seafood conS L!l!lption. The estimated low potential for th.is t r ansfer r esillts in 
rel a t ively high tissue values for interpre tation c,f lab tests. 
( b ) UD ~ Unde tected . Chemical was analyzed for but was not de tected . 
(c) ND~ No data . Chemical was not analyzed f oe in Puge t Sound species. 
(d) .Adjust:ed based on reported ratio of inorganic: co organi c As (Tetr a Tech 
1986a) . 
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2, Disposal site area es tima Le = 395 .,c ( ElUoct I.lay sice; che largest 
Phase I site) 

3 . Percentage of home range covered by dispo~;al site 
395 ac 

x 100 = 17 percent 
2,334 ac 

fl. Amount of seafood caught and ingested i n an urban bay chac would have 
been in contact wi.th the c!Jsposal mound (i;ediments or benthic infauna) 
= (0 . 28 g/day) x (0 .17 ) = 0.05 g/day 

5. The seafood ingestion rate of 0 .05 g/day »as substituted for 1:he 
parameter (!) in ~he models presented t n ,,ection 6 . 5 . 1 . 

The calculated target concentr;:r tions for chemica lH of concen1 to human he,,.J. ch 
(HI) are listed in table II.8-5. 

8 . 4 . 4 Analysis of ~Lijusted Human Health Indicator Values . The 111 presented 
above should no t be considered firm, predicti.ve, !Yr definitive:. They ,;epre
scnc ao application of the EPA carclnug<;n ri.sk and RFD oodcls for estimating 
acceptable tissue concentrations .for certain chem:lcals. The ·models themselves 
;rre not proven. llowever, they offer the best direction that. EPA has fo.: 
determini ng the relationship between die tary intake and bmnan health. Also, 
the ingestion r.:;tes applied to the models are e "VE!t' Y rough (and conservative) 
appro ximation of t he amount of fish tis•sue from an urban bay consum~d by 
anglets that comes from fish that: either spent th•iir ltie on the disposa l 
mound or at least f eed at the mound. 

Rev iew of the Ill table i ndicates 1:hat, based on data £or bioaccuculation 
levels found in Puget Sound species, only arsenic and PCB's are likely to 
indicate a human health problem. In b.oth c;:rses, t:he b ioaccumulation values 
for at least the nonre£erence areas exceed the HI value . These values are not 
likely to be exceeded in dredged material bioaccmmilitioo tests hecause t he 
values reported for bioaccLtmulation represeo-c: max:Jcmum valt1es for urban bays 
and are probably not representative of levels expeicted for organisms exposed 
to moderately containing chemicals of concern dredged material (e .g., less 
than the maxir.mm level aLlo,,ed for open- w:,i ter disposal; see section 7 . 3) . 
Although uncert.aincy is hl.gh and data are insuffic,ient to prove or disprove 
concern, it i s noc expecterl chat bioaccumulation values for bivalves will 
exceed t he HI values following the 30-day cesL e,q,os=e period . 

/,xsenic is Llllique in that both reference and nonreference tissue levels in 
Puget Sound exceed tbe indicator value. Arsenic Jes high in reference tissues 
primarily becsuse ai:senic ls natm:ally elevated i n seawater in tJ1a north
cascern Paclflc ( including Puget Sound) and is bic,accumulared by organisms. 
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This condi tion implie.s that the :indica tor value would no t be useful io inter
preting bioaccUJllulation casts ou dredged material because control, reference, 
and test tissues are like.ly to exceed tile III. Co,asequently, ersenic tissue 
concentrations should be interpreted by the use o.f si:acfstically signif:Lcant 
ele.vations above ,e£erence (E.A.Jl) tissue concentrat:ions as a measure of pollu
tan t effects that a.re of concern for- human health . Tha t is, if tissue con
centrations for rest organisms are sif;Dificantly ,ibove tl:,sue concentration,i. 
£or t"eference organisms, the dredged material wou.ld be considered Unacceptable 
for uo.con£ined, open- water disposal. 

For PCB' s, the allowable tissue. concentration is higber chan that curt:-entl y 
set by U.S. Food and Drug Aclminlstr.ation (FDA). To be protective, cbe ECll 
tissue concentration leveJ will be reduced co the PUA cc;mcenttat;ion of 2 ppm . 
I£ tissue concentrations in o,i;:anlsms £ram the te,;t sedimenc a r e higher than 
2 ppm, the dredged material would he considered 1macceptable for u11cou£ined, 
o pen--w?ter disposal. 

The b ioaccumulation tesc will be conducted on thoi.e proposed dredge mai:erials 
in which the sediment bulk chemistry levels are b<?low die maximnm level values 
and above the bulk sed:i.ment bio;iccumuJ.ation triggE,r values (s>!e table 11. 6-2). 
H the 30-day bioaccumulation test ,;esults in bloaccumu.lati.on leve,l.s ~eater 
than the HI (rable 11.,8-5), the s ·edimen t will 11o t be allowed for unconfined , 
open- water disposal. It is anticipated thac ovi,r the ne:,cc few years these 
bioacc:umulation tests will pr ovide sufficient i\at;,, to d1;t,a ·11tfoe J f this con
cern w1n·ran ts i;oncin□ed bioaccumuJ ation testing, 

Al though <lredgeil material data are i ns'u£ficien c to provide defir-.itive con
clusions, there are few indications of pocent:ial problems (see table II.l:!-5) 
<ie,iving from bioaccum□J.ation of chemicals for whJLch tissue data a.re not 
available. Bi.oaccllmnlar:-ion from dredged mate.rial should not. represent a major 
risk co human health. However, additional. d<1ta are necessary to support for 
re1ute) this perspective . Con,sequeotly, hioaccum11J.ation tests would only he 
performe(l for dredged mai:erial with relatively elE!Vated chemical concentta
tioos . Mditionally, the ex t ent of bioacc:umu.lation testing required For aoy 
one project should also be l~miced. 

The subject of whac constituted "elevatced chemistr;y" t:hst wa1eran ted bioaccumn
lation i:-esting was· debated . Jlioaccumulatlon. t estt ug wou.I.d be required fo r 
sedimeucs containing chemic:als of concern £or huma n health at aoncen trations 
in the upper 30th p~centile of the concencretion allowable £or unconfined, 
open-watar; disposal ( i.e . 70 percent o f the difference bet,1ecn ·~ne SL and Ml. 
concentrat'l.on) . This value was an arbitta.ry express-ion of the ER<G consensus 
concern for bioaccumulation . Analysis of bioaccumu.la ~ on test tissues will be 
pe~:'ormeri a£ter ot;her biological tests (bioassays ;, have been conducted. 
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In limiting the bioaccumulation testing for a gtv,,n p,oject, no more Dhan 
one-half of t.i,e management uni cs being anstlyzed would be required to undertake 
bioaccumuiation testing . This limitaUon is based on the general premise that 
most dredged material wo uld noc r esult in tissue (:onceocrations 0£ concern 
( see section Il- 8 . & introduction) . 

JJecause of the ongoing deVelqpment of additional bioaccumulation data and the 
expected redu<:t.ion of the list of chemicaJs c:>f cottcern to human health, bio
accumulatton testing may he el iminated altogether in future revisions to the 
evalua tion procednres . 

9 . EFFEC.1'S ANALYSIS OF ,\LU::-OIA'.l'I\iES 

9.1 lntroductlon . The following analysis asses$;as the poten1:tal envi.ron
mental impacts of establishtng a biological e£fec1:s condition for site manaae
ment at unconfined, open-water disposal sites . A detailed environmental 
effects analysj.s of t11e alterna clve si te management condition,; considered by 
PSDDA is contained in t:he dr aft. BIS. The :EiiWG selection of a site managemen t 
condition constituted a recommendation to che ove,:all l'Sl)OA study regarding 
the preferred a2cer native to be addressed in tl>e l'SODA draft £IS,. 

When assessing t:he po tential effects of eac-.h altei:native site condition, an 
evaluation of impacti, those associated with L'n ,;:onJ:ined, open- water disposal, 
and che cone, equences of di~poirnl o.f material n.ot acceptabl e for unconfined, 
open-water disposal. An analysis of che Impacts l:o both open- wacer and land 
environments serves to hil;hlight the fact that environmental tracl,;.offo e:<ist 
n,gardless of 11here dredged material is dispos.ed . 

'rhe smal l er tbe quantity of dredged material plac<0d at the tmconf io.ed, open
wacer site , tile gceater the quantity of ma1:erial c:on tain.ing chemicals of 
concern requiring land or shore disposal (and Vici! versa) . .~s such, c.he risk 
associated with chemicals of concern i n dredged m" terial will shi.ft between 
aquatic and land sices . Sl ee cond,itions chat resuJl t i.n thE least amount of 
chemicals i n 1M ted,aJ. co be placed a I!. open- wacer !;1 tes would place most: of t he 
env lronmen tal { cerres c:rial species I freshwa ce:c s pE,cies) and human bealt:h 
(e"-7X>Sure, drinv,ing wacer) r isks associated with <:hemicals of conc.ern at: che 
confined sites . Conversely, selection of an alte.Fna cive tl1at al lo-,s for cue 
placement of dreaied ma t erial .with high levels o£ chemicals ac che open- water 
si,ces would place tnost of the environtnentaJ. (benthic 3pecies, marine- fish ) and 
human {chemic.;ls in seafood) r isks at chose sires .. 

The following key assumptions are made concerning the prediction of furure 
condi t1ons at the disposal sites . Fi r st, the a ssHSSlllen c assUJiles chat mos L 
dredged material found co be a<:ceptable for unconfined, open-water dis·posal 
wil l be discharged at t:he PSDDA identified cltsposal sites . Tt)ough some mater
-ta.L w-111 llk.ely be placed at upland o"r near shore sites as pa.rt of occasion
ally approved till projects, ~he relattvely ine.xpimsiv e and availrrble uncon
f i ned , ope.n-wacer sites are likely to be preferred by oost dredgers with 
acceptable dredged ll!aterial . 
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A second key as,mmption is that most mate,;ial foun.d unaccep table for uncon
fined, open-wate,; disposal is expected to be dreclg;ed, not left tn plac:.e . 
A.lthoui:h the cost 0£ confined dispos,il will l.ikely render some. projects eco
nomically infeasible, the number of projects chat will opt co not dredge: 
cannot be easily aacert.iined for this analysis , Gonsequently, the analysis 
aRsumes c.hat compuable volum~s of dredging wUl l:,e conducted regardless of 
the site management condition considered. 

A third key assumption i s tha t the site management condition, once selected, 
will be maintained throughout the 15-ycar ana1ysis period . The alternatives 
analysis assumes th;,t i:he preferred site condj tion will be malntained w:ir.hou1: 
except loo to facill Late a clearer picture of the possible environmental 
effects . 

9 . 2 Dr edging- Site Envirol1l!lental Analyses. An analysis of the environmental 
ef£ecrs of dredging includes effects at the dredging site as well as those. of 
the disposal. site. Onl•y a briei review of environmencaJ. effects ;at the dredg
ing s! te 1.s given in this section because moin: dr edging will occur (if the 
project is economically feasible and environ.men tally acceptable ) regardless 0.f 
the chosen site condition . Projecc- speci£ic review will be reguil"ed to de tee
mine if t he dredged material will go to unconfined o r connnetl disposal, based 
oa where the specific projecc ;is located, wh en the dredgin~ i,; i;cbeduled to 
t:c?ke place, a nd no" the dredgi ng will be accomplished . 

Eqvin:inmental concerns ;,t the dredgin_g site are associ.ated primarily wl t.h the 
release or particle- bound and soluble-phase chemicals of concern due co sacli 
menc disturhance. Releas-e of sediment-bound ammonia and local re<'.h,ctions In 
dissolved oxygen (from increased chemical .oxygen demand of anoxic sediments 
di:, curbed durfog dre.dgin_g ) may be environmen c;al concerns io ce r c;1 in areas. 
Available knowledge and ,ncperieoce can be considered in decls-1onma1<ing. £or 
these variables . 

PQt:ential adverse env ironmen·tal eff ects a t che dredging site are not sign.Lfi
canc when removing material that i s acceptable. according to Si t e Condition l 
o r Il guidelines , Chemical concentrations in such material are relatively low, 
ilUution J.eveJ.s are relatively high during dredging opera tions, and 1<atet: 
column release of chemi,cals of concern are expected to be negligible . The 
pr .tmary concern in dredging l:.his m.atericl is localized changes in water 'jual 
-1 cy r esul ting from lowered dissolved oxygen, i ncreased water colunn par.icu
late levels, and the r elease of ammonia, Curren t con trol technologies (e .g . , 
providing mixing zones , restricting dredging c-o "windows" wnen adverse effe.cr,; 
wou.ld be reduced) ;,r e considered s,u££icient to prevent significant adver se 
effects at the dredging site . 

Concerns over adverse environmental effects durl,ng dredging operations is 
greater with mater ial that is- unacc'epeable for WlC!Qnfined, open-water disposa l 
nnde.r Si ce Condicioo IL Such material poses poi:e11cial prob!ems with c11e 
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resuspension of COl'.\taining chem.l.cals of concen, s~edl.rnenc and chc; possible 
r!!lease of chemicals of t:oncarn into the .water coJ.umn. ft.<Jditional cest:ing- of 
other co,tcaminant pathways (see section IL- 2 and section !V) and possible 
restric:tive measures may be necessary before material of this cype can be 
dredged. Though PSDDA is conducting additional s(:Udies that will assist in 
evaluating dredging and disposal of containing ct1.,micals of concern sediments, 
rhe ciecision on testing and needed res trictions uJ. t.imateJ.y is w.ade. on a 
project-specific basis by the appropri ate permitt.i.n.g agencies . 

9 .3 Disposal Site Environmental -".nalysis . _pocenl:i al effects at she disposal 
sice are the focus 0£ the enviroomen tal effects analysis of t he al. t ernative 
site condl.tioru; . Such effects 11.ee of greatest co,icern. because dredged mate
rial will often have different phys!cochemical pr operties than th·e native sed
iment at t he disposal site. Tbe magni tude Qf them~ differences. can affect 
chemical mobility in dredged materia l, (0 . S. Coi;ps of Engineers 1983 ) . Nore 
impor tan tly, the disposal sites represent biologic:ally ~ctive environments . 
Disposal of material will have at lease ;an advers" physica.l effect on exisct.ng 
benthic communities . 

g , J . l Fac t ors Affecting the rate of Dredged Hate1,ial Contaminantis . The pro
perties of dredged ma .. erial, and che shortaad long-term physical and clu,mical 
environment at tl\e dispo'Sal sice in£luencs the £ate and environmeoctl conse
quences of chemicals o f concern. The major var iables that influence con umi -
nant behavio r in dredged ma cerial are the amou'Ilt and type of clay; organic 
matter content; amount and ty-pe of catious and .mi.ans as11ocieted Willi the sed
iment; the .a1noun t of potenc.ia.lly reactive iron and manganese; and tho oxida
tion rcduccion, pJl , ;md salini t y conditions of thEt sediment. The r.oost 
important factor s -are perc:en t -clay and organic mat:cer con c;eut , ioi tial_ and 
final pH, ,ind oxida tion-reduc tioo condi,tions . Dr"dged material from indlls
trial/ urban areas frequently contain relativ,ely hJgh concencrations of organic 
matter and clay and are biolo~ically and chemically active. These sediment 
condit.ions favor effective ret:ent:ion of many chem:i.cals of conce rn, provided 
the dredgelJ ma t erials -are not s1.1bject ro miring, 1:esuspensioo, or changes co 
their chemical environmen t . Sandy sediments , in con crast, are typically low 
in or ganic matter c.on tent and less effective io rEtt-aining metal and organ:(c 
chemical s of concern. Sandy sediments tenil not to accumu.lace chemicals of 
concern unless a contaminant d ischarge is located nearby . Should cnem!cal 
concentrations of sandy sediments occur , potentially to:dc: substance~ nay be 
readily r e leased upon mix'ing in the water column or by leaching. 

Disposed i.nto an aqua1:ic e.n'rironment, dredged mate•rial rem.iins l'later- satll.rated, 
.;inoxic, reduced , and near-neutral in oH. I n cont:r:. ,st, when s e diment is tar.en 
oul of tbe water and allowed to dry i.~ an upland e:i te, it becomes O:d.c and the 
'111 may drop. Nearshore disposal sites c:an have a. combination of ano>d.r.:, 
reduced cbnd.i,t;lons in the dredged material p~aced below tidal elevao:.fon, and 
one condi tioos in dredged material placed above t'he. tidal elevation . 
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9.3 . 2 Review of Available Infor ma tion on Di sposal. Impac t s . Nud, of c:he c1n
re.nt knowledge concerning the impacts of dr edged material disposal is derived 
from a .ser-j.-es of studies conducted by the Cor.-ps' WES. Since 1970 , when the 
Dredged Material Research Prognim ( ll-!RP ) was authorized under the Rivers and 
Harbor Act, several research and applied prog rams have been io.stitu red by WES' . 
These include the U.IRP , the J.ong-Ter,;, Effeccs of !)['edgi ng Operations Prog:ram 
( LF.llO) , and the Field Verification Program (FVP). Together r.hese pr ograms 
have addressed a wide array of copies concerning the dredg~ng .and dis[>Qsal of 
d11edged ma.terial including the effects of dredging operat i ons on water colu.tm1 
and bent.hie environments, descri ption of dredged material behavior during a nd 
following disposal, design aod oeerntioa of confin,e ci dispos.al sites, and fitld 
investigations of t he effects of disposal operatf.o,ns . 'llt.is work has also 
addressed beneficial •lSes of dredged ma ce ria-1 (c, .g, . , use of dredged materia:1 
for habi t at: development). In additic:m to the 1mrk: directed by Wl!S ., illforllL"l
tion on dr edging imp;icts can be fouud i n symuosittn" prace:ecllngs such as the 
To ternat.ional Oc,eao Oisposal Symposium, Symposium o n Coastal and Ocean Mana e e:
ment , and Dredging and Dredge.d Ma eerial Disposal Symposium (sponsored l>y 
i.:nerican So cie_cy of Civil Engineers >. In addi tJ.on., lilajo, dreQging s tudies 
hav.e been undertaken in che North-,,esc and Puget Sot.md r esion . These studies 
i ncluded the Anacortes Dcedg;ng Study ( 19 70) , NorthwesL Dredgin g .effects Study 
(1974) , t he. Budd Inlet, Oly'tllpj.a Study' (1975), the Grays harbor Dredglng 
Effects St udy ( 19 76- 1977), and the. Duwamisb River Sediment Scudy (1976- 1980) . 
'l'he £allowing brief r eviotaw discus-ses work chat .;ddressed tlte impacts of 
d redged materiaJ. disposal on the aquatic environment . 

For rnost dredged ma teri11l natiom'lide, environmenta l e f.foc;ts of ·disposal in 
o pen waters are largely the result of physical impacts associated 11itu dj s 
posal . Physical impacts include complete buri al of benthic communities exis
tlag in the dispo,;a-1 zone . Rei:oJ.oaization oi a di.sposaJ s ite ea,, be rapia, 
p,:oviding the material is of similar grain size as t he native sedi!flents, Moi,e 
pe r si,s tenc physical lmpaacs t o ben thic organi sms can occur where droadged mac;,
r i a l 1s placed on subs trates of di ssimilar grain size, with impacts grRatoast 
when dredge.d material con taining a high percentage Qf sand is plnced Ori mud 
substrate and cov.e:rs rnud-dwe.lllr\g o r ganisms unsuited f-0r l i ving in sandy 
sediments (Maurer !.!:_ al. i978) . 

The leve-1 of chemical concentr,atio1ts of expose() s e diments may a lso ,w:r ect 
rntes and the general success of recoloni2ation a c the disposal sices . work 
at the Blacl;: Rock ~arbor resear.cll disposal si t e using a VP.ry h i ghly con
taminated <lredged mater i al (via FVP r esea·r ch of th" Corps and EPA) i nd:ica tes 
char. th.e race of recolonization is slower chan ~,ould be expected base<! on 
Held work wid1 freshly depos~ted sediment r.ha t i s ral.uively clean bu t 
similar in g rain size to Black Rock Harbor material . The Black Rock Barbor 
material \ol"as disposed in aquatic, confined upland, a11d newly4:reai;ed con£ined 
wetl=d disposal sites . A tho r ough evalua1:ion of lab a~,;essmen·t ~ ,md tests 
was performed! and a com parison was made o f effects amone disposal sites. 
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Inter.precation of the recoloofaation data for mat:t?rial disposal. at tbe lllack 
Rock. Har]ior aquatic s ite is eonfounded by the fact that grain alze chan,ges 
occurred at the disposal site due to wi nnowi ng of t he fioes to the mound 
f lanks . A hurricane event also perturbed the sit,~ during t hie tecoloaizat:ion 
a t;udles . 

Chemical cooceotrations 1n t:be Blac:k. Rod Harbor material a r e consider-ably 
higher than cbe level that would be acceptable in Puget: Sound waters under 
PSDDA. Al1:houg!t results similar co those seen with Black Rock Harbor material 
a.re not expected at: cile Phase r dis posal sites, t:he i nformer.ion ob Lained from 
che FVJ> is useful in i dentifying potential advers,e effects nhal warrant 
cons ideration in dredged materiaJ. assessme.'lt . 

Impacts to the water column have been f ound to be geoerally of abort- tern du r:
atioo and typical.Ly are the r esul t of increases ±n turbI<ilty and release Qf 

chemical. consti tuents s uch as allllllonium, manganese, iron, and orthophosphates 
(Blom, e t al. 1976 ; Chem, e t al. 1976; Jones and Lee 1978)_ Cban~es 1.n wace.r 
column propercies broueiit about by· tbe_ r tlease n E dredged material into the 
aq1iatic environment a r e are nae considered to be ,sources of s:lgniticant impacr 
tr) aquati~ organisms. llaumgar tner ~ ~ - (1978) 1 in monitoring physical and 
cliemical parami;ters i n the water colwnn during an,~ following dis posal 0£ 
material at the D.iwami&h waterway disposal sice, •~oncluded that no loog- t e,rm 
effects. res ul.ted .from the disposal o perations , l',arameters measured during 
cl\ei.r .field investigaci ons included ~uspended sol .ids, µR , ammonium, nitrate!.:, 
ni trices, and i;everal heavy ineta ls . 

Increases in tur b i <!icy (e .g. , increases in suspeo,:!ed particles ) due t:o dredged 
mat:erial disposal do not apparently cnuse signii'i •~anc or long- term ifilpaccs to 
aquatic: specie1, . Tm:bi dity s tudies uf Peddicord ,ec a l. (1975) , Peddico·rd and 
Ne far.land (1978) , .and ,McFar land and Peddicor d (l 9:ao)have .shown lethal coacan
cracions of suspended dredged Ea Ce.rial to be at: ! ,east an order of magnituda 
hi gher than maximUln water column concent:retions o·bserved during dredging oper
a tions . Gen t ile, e·t al. (1985) , however, follhd t lhat the cru,;caceans decreases 
.as che concentration of cl!eiro.cals associated with· the suspended particles 
increas es . Both mysids and amphipods exhibi ,ed l ,ethal i cy to cont:aminated sus
pended sediments at concentrations sir,nifican t:ly ·Lowec than chat :required when 
che same species were exposed to <;.lean sedimeo ts havJ,ng s 'imlla.r grain siee 
dis tr i butiun to the material containing chemicals of. conce:ro . The s.i gn.ifi
caoce o.f the findi ngs of Gentile, et al. (1985) t,l b.enthic populations near a 
dredged material. disposal site are~-;own . Baum:~a.rtner, £!. al. (1978), 
reported small, though persis tent i n= eases· in sw,pended particles leve.ls near 
l he bottom du.ring long- term monitoring of a Duwam:lsh River waterway disposa.1 
site . The l aboratory work. -of Gentile, er al. (l'},85) sl(ggests that disposal 0£ 
dredged materi!!l containing chemicals of concern ,could resul 1: in some impac~s 
co benthic species i£ t he raacerial we.re to res ul t in persistent i~creases in 
suspended particles .in an<l around t he disposal. site. 
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lmpac:ts oi chemicals, especial.ly ch,ou:ic im,paccs, ace generally thought co be 
due co the uptake, ac:c:umulal:ion, and (';Is ill t:ne Cil~e wittl some c:hemi.cals) 
metabolic traosformation of the compound into toxtc forms (e .g . , 
ben20Ca ) pyre11e ) . The biological avai.labi11 ty of t:hernicaJ compound-s asso.cia ted 
with some dredged material s will greatly in.Ilucnc(, the ra~e at which these 
compounds will be accumulated. Early work under 1:he llMRP by Neff et al. 
(1978) on metal availability and ac:cumuJ.ation in aquatic spec.Jes indi~ted 
that metals <;'et:e not generally caken up by the ce;it: organisms . l,ben accumul a 
tion did occur, the levels to which the met als were concentt:ated often varied 
from one sampling period t o an other a nd were quanl:itatively marginal . 

Recenc research on bioaccumulation from dred·ged ma, terial ind.icate. that organ
ics , as· a gen'<'!ral c.lass of compounds, are more b!cilogical.ly availabl e co 
aquatic org.,nisms than are metals (lake, et al. 1985) . Llpophi.lic organ1.c 
compounds (those cha t have a£fioJ.ty for £atsand c,ils ) appear to be readily 
bioaccumulated .from sediments to which. t hey ai:e ae,soclated. 1n. both labor:1,>
tory experiments and field evaluations, bi.valves amd burrowing po1ychaetes 
have heeo found to accumulate significant conc:entt·ations of organic. compounds 
that had been associated with dredged material. 

In conclusion , p~sc labor atory and field i;esearch efforts nave l argely indi
cated that the <l lsposa.l of mosc dredged mate.rial will not result in uo.accept
able ndvei;se eff ec t ·,; to the receivinl, environment . This is especielly t rue if 
the material being dred.ged is coa.cse- gr<3ined and •rithout mea.$urs1bl e level.Ii of 
chemical.s of concei;n. Much of the ma terial rlt"edge,d ia t.he ceo cral po r ti Oll of 
P111?et SotJnd, nowever, h as j ust the opposite charac:ceristics. Se d.i.meot Llredged 
from t he urban wa recways near major mec.ropolican s,reas i n Puget Sound is typ
ically fine-grained with hlgh clay and or ganic co11,tent, and contains signifi
cant: concentrations of chemicals of concern discharged by )1ea, by urban sources. 

llnderscanding the interac:tlon between cbem:icals oJ: concern, dr edged material 
properties , and phy.s ical, chem.lca.J., and biological cond.i Cfons at a proposed 
disposal site will aid in selection of disposal me:thods tha c will minimize 
potential con taminant r elease and transport. The following S'ec:t!ons present: a 
discussion of how these potential biological e.t'fec:ts and pathways differ ~or 
eael, of che disposal options . 

9 . 3 . 3 Unconfined, Ope.a-Water Disposal. The path,1ays of e.xposure tha t: 1oigh't. 
be expected at an open-water disposal site where t:tnconftned dr edged material 
is placed are depi'cced in figure 11. 2-2 (seuion. I r - 2) . Du.ring disposal oper
ations , fine part:icles and organic matter can be z·eleased into ;and acc4'JluJ.ate 
in the sea-surface mic.rolayer . Once in the sea- s,irface microlnyer, chemicals 
o.f concern associa tea with these particles and or ganic matter can adversely 
a ffect marine eggs and larvae ,ind ca!! be carried t:o nearby beaches . In the 
rasc, visible "s licks " and occasional "sheens " hav-e been reported during 
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dredging in cne Elliott Bay area . Al.tl1ough most of these solidll wiU setcle 
to t he bottom, dredged material normally will contain some material that could 
be released to the surface . 

As the discharged dr~dged material descends through the 1'ater colu111a., a por
tion of the drecjged material will entrain water arid pattic:les can be '"stripped 
away... The net effect is that the material r.·an b11 transported by ambie.nt c ur
rents away from the designated disposal site . Such material usually con:;ists 
of the finer silt and clay particles and any neutrally buoyant particles. The 
magnitude of this effect will depend upon hydroloi}ic. forces at the disposal 
sice. 

Of the d.i.sposed material that does affect bottom 1:ommunities, some may become 
-resuspended by current action or through biologic,ll act.ivity and be trans
ported off the disposal_ sice. ~ terial releases t:hat do occur- can be etini
mized by proper siting of the disposal site in en'11ronments that are physi
cally nondispersive (low or weak cun:encs) , and a1: depths below the iniluence 
of surface wave act.ion. The environmental effect oi material r.hat ls lost 
during aod aftec disposal is not known . 

Of the materi.H that does settle Within the. dlspo~;a.l s ite, tha primary routes 
of exposure depend on the direct interac cion of 01:ganisms with the beaded 
dredged mateciai. Larval. and adult forms of the benchic i;pecies that seccle 
on the newly deposited material. come into contact with particle-bound contam.i
oan ts and with dis$o-l, ved chemicals of concern with !n the 1,ed.iment pore water'. 
Accumulation of tnese chelllical s of concern will dnpend largely on the concen
tration 0£ t.he cl!emicals of concern and their relEt'cive biological_ availabil
ity . The effects of biological accumulation .of chemicals of concern are oot 
unde r stood, although lt is generally accepted t:ha1: chr onic effects result from 
che.nticals of concern chat. are biologically availabl e, .accumlllat:ed, anc1, in 
some instances., metabolically modified. Transport: of chemicals of concern 
from the disposal sire., othe·r than through material release of suspended par
ticles and soluble diffusion, can occur when ben thic organism;; e migrate from 
the site or when epibf'.nthic predators feed on bent:hic speci es inhabit.i.ag t:he 
disposal area. 

9 . 3 . 4 Confined Aquatic Disposal . Confined aquat lc disposaJ. is the placement: 
of contaminated dt:edged mater ial at an aquatic site followed by capping wit.ti 
cleaner =terial over the concami,nated sediment . i$ long as the cap remains 
iii place, che major pa.th..rays 0£ concern £or contaminant loss are diffusion (of 
soluble components) and convection. The pathi,ays of concern for unconfined, 
open-,.ater d isposal (e .g . , biotrrrbation and resuspension) -ar e effectively 
eliminated, providing the cap is thicker tl1an the depth of expected biological 
activity . At water depths unaffected by wave ac.ti.on, and in locations t.bat. 
have low current velocities, movement of intersti1:ial water. is substantially 
absent a nd contaminant movement through che sedim,mc is consequently a minor 
pachi,ay. 

ll-13.5 



Confined Aquatic Disposal (con. ) ,June 1988 rE>v . 

A con£ined aquatic disposal site mus t meet cercai□. pl,ysical requirements to 
preven t contaminant: losses, l'he area must have reJ.stlve1y low o urrent: veloci
ties, must n01: be located on a steep slope, and m1:1st be be] ow the depth at 
which wave a ct:ion is a factor . During disposaJ. operations, exposure pathways 
are similar to those outlined in me sec tion II - 9 .3.3 £or L'Ticonfined, open
water disposal. These _pathways include potential release to the ,3ea-sUTface 
microlayer, particle loss due co 1'1ater entrainment: , and loss of material on 
impac t with the bottom. 

9 . 3. 5 Upland Disposal (Convention,al and/ or Con£i01ed) . Upland disposal invol
ves the placement: of dredged material 011 land, rypically above upper tide 
levels. Upiand disposal sires are normally diked .areas cha t retain the 
dredged solids while allowing the carrier and/or c:onsolidatloo w.iter to he 
released . Opland sites can also accept dredged ma.terial that has been 
dewatered elsewhere nnd trans ported in by truck oz• rail. Suell sites may bE: 
lotated immediatel ·y adjace1;1 c co, or removed great distances from, t;.he dredging 
sf ce. The majo'c pathways of chemical exposure are discussed in section III. 

When dredged material dries tn an upland enviroome,nt, dras tic physicochemical 
changes occur. During t he dryi ng process, organic. a·omplexes oxidize and 
decompose. As !:he sedimen ts dry, volatile coo.t:amio.m t losses t!l th12 air may 
occur due t o ch;rn ges in a t mospheric pressure that can "barometrical ly pump" 
air through the sediment, mass. In addic:lon , o :rida.tio.o of iron complexiaG and 
other metal complexes also occur. These chemical t,:aosformations could 
release chemicals oE concern to surface runoff , sodl pore water, and leachate 
thzo.ug)t the mac~ial. Upl,,nd disposal can result ln leaching of chemicals 0£ 
concern to t:he &round wacer o r back t o surface wa t .ers (seeps). 

After mos~ of tne solids have settled in the dispo,sal site (£or hydraulic 
dredging) and s·editnent consolidation extrudes pore water (for hycl=a•~lic and 
mechanical dredging), the return water will be dis ehar&ed back into ilie envi
ronment. Th i s effluent: and sice runoff water can carry dissolved and pari:1-
cula te- bouod chemicals of eoncern. F.loatable che.n:ucai concen~rations· could 
also be contributed to the sea-surf.ice microlayer. 

Proper site design and, if neec!ed , treatmen t 0£ the ef£luenc, call sign:lfi
cantly reduce contaminant l osses via che effluent . Unlike the e.ffluenc, 
longer- terl!i geochOlll,ical changes due to oxidation in the upland site can mobl-
11.zec additional chemical coneent, accions which would be available for craJ\.sport 
by gTound water oc surface wa t er. If a cap i s not presenc , plan ts and animals 
tJ,at colonize the upland site cou.ld cake up and b:l:oaccumulate released con
taminants , as well as pass them fa r ther u p the food chain and/ or offse-te . 

9 . 3. 6 Nearsbore Disposal ( Convent:ional and/ or Con.f:l.ned ) . lvearshore disposal 
combines ope:n-<.r<L t e:r. and apland disposaJ. methodi; a t a single site by place.l!Jen t 
of dredged material in an aquatic environment . Th.e fina1 surface elevac.:Lon 
aft er filling is above r,a t er (nprma,lly marine oc tidal) . ftearshoce disposal 
sites for contaminated sedimencs are :liked, cont.ir..ed areas that ar.e often 
C!!pped with cleaner material . The routes of contaminan.: exposure th<a t are a 
concer n with shore disposal sites are rliscuss.ed in section III . 

U - 136 



Nearshore llisposa1 (con. ) 
June 1988 rev. 

Several pathlfflys l!Jd.st for soluble c:011VEctiou and dif.fusioo of' chemicals of 
concern from a diked nearshore disposa.l slte . Depending- upon th"' degree of 
sround water sefi'pag-e chat occurs at the site. pr9duct;;.on of lea~ce into che 
sedimenc below the disposal :nound and seepag; nndE.-r or throui:h the dike can be 
!Jllporcant pathways of contaminant release. The gE,ochemistry at nearshore 
si t = varies above and beJ.ow the saturation level established uy tidal action. 
Cotcta.m.inan ts in dredgctl lllaterial will behave diif,~rently in ea<1l\ of these 
e.nv i ronrnen ts . 

As with con.fined .aquatic disposal, che l!ap provide,s an effective liarrier 
against t he re.leas,; of che1!11cals of con<1ern, provtding the cap integrity i s 
not de.1;troyed. If a cap is not present , pathways of e xposure would include 
contact and uptake of chemicals of concern by plant and an imal 11fe, as well 
as t r ani,porc of chenicals of concern from che si t ,r through sur.fude runoff. 

'l . 4 Availability of Al ternat:ive Disposal Options " When eva.l.uatiog the envi
ronmental effects of dredging, cons ideration mus"t be to CU the cmvironmen cal 
consequences of maintaining a pari:i.cular site management con di t.ion at Uncon
f ined, open- water sites , and (2) t he adver se effects of d i.sposin~ materi a l 
unacceptable for uncon£ined, open-va ter disposal .it al te.rna t i ve rlis pas.al 
sites . As presented i n secr:ion I-.3, three dis posal options are available f oe 
such material. These options incl ude confined aquatic disposal (CAD) , the 
capping of dredged ma terial deposited in wat er l<ir:h "'clean·• material, and dis
posal in shore ut land areas, 

Confined aquati.c d isposal is not currently available chr<lughouc Puget SoUnd, 
and 1nay not be used r outiueJ.v for a variety of reusons. Historically, thP.re
has been avoidance of, and protective treatment gi ven to, the aquati·c environ
mn;r: i-nen considering disposa l sites for contarnin,1ced materials. ft.ddi 
t.ionally, t here is a publ.lc perception in the Pug€!t Sound a r ea t hac aquatic 
capping of dredged mate.rial is no t entirely reliable o,; technical ly feasible 
in rhe d,;e p wa te r s of Puget Sound . 'Ou,s pei:-ceptH>n has also limited t he 
application of the confined aqua.tic disposal opticin . Furt:hermo.re, siting- .and 
monitor ing ceq1.1irernents fot confined aquati,c s i~eer are 1 ikely to liinit use of 
&his disposal option to a fe-w larser projects !n t:he near term . Coafined 
aquatic disposal may become a more pr eferred opt ion 1,n the future nfter pro
jects have been unde.rcaken to develop and demqnstrat e technical feasibility of 
cn pping material a c av'lilaoLe cleepwatet si.ces in Puset Sound. Technology does 
exist t o dispose o.f and suffic.iently c_ap containing chemieals of concer n :ro.te-
1:ial in aq ua tlc sites (More on J.983) . l·lonitorina c•f exi&ting Clonfined aquatic 
dispo,sal s ites ;ils o indiaa tes chat the cap is eife,ctive in isolacing and 
seques te.r i ng chemicals o.f concern (~lot ton ~ al. l.983) . 
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9 .5 Comparison of the P.referred Phase L Jlisposa.l Sites. DSWG evaJ.uated 
potential disposal sttes. 11it:hin Puget Sound by u,;i,ng a variety of site selee-
tion £ac.:ors. The selection factors were applil!-d to all sites eva.J.uated and 
the pt"eferred sites i dentified by DSWG are the onE:s chac most closely fie: t he 
selection factor s . For the purposes 0£ this anal~•sis, all ,m.conf ined, open
water disposal sites being considered by PSDDA {on.e eac:h at Cor.unencement Bay, 
Elliott Bay, and Port Gardner) will lie trea~ed as environmentally simil,ir . 
Although some differences do occur between the s:Lt:es ( table IJ.9-1), the fac
tors tha t normally affect exposure pathways are simUar. among the preferr ed 
s ites. Wher.e appropri;, te, differences between the sites chat: would affect the 
conclusions dral/tl from the environmentai analysis will be highligl';ted . 

All three si tes are located in low-ie.nergy environ~1encs (less than O .5 knocs 
curren t: spee<:l) that are celativtly nondispersive .,.t th respe,;t to resuspension 
of dredged mat-erial . Jn addltlon, all three rn:e.fer.red sites have similar 
physical and biological character;Lstics (i ,e ., a similar granulometty and 
approximate levels u.f benthic biomass and benth.ic: infauna speciatlon). Dtf
ferences that do occur be tween the preferred si t e£ include depth and the num
ber and kinds of amenities (resources) that ar e fo1.1nd in areas a.round the dis
posal slte. The most obvious amenity difference ts that the Port G<1rdne r area 
contains higher concencrations ot Cance r magiste.r in shallower waters of t he 
bay than docs Eliiotc Bay or Commencement lla~. Assessment of the environmen
tal effects of disposal ,at the !'ore Ga:rdner site w·ill include an evalu;itton of' 
toe proxitni~y of, and possible adverse effects of containing chemicals of con
cern sediments t o , this crab popu).ation. Th., effects of. sediment che~cal 
conl::en l:J:acions on Dungeness crabs have not been e.x:tensively scudie~. Some 
previous research with gravid female crabs exposed f.or up to 60 days and lar
vae ezpo.;ed for up co 10 days to containing chemic:als of concern ~ecliments 
lrtdioated rto adverse repr-0duc t lve effects ( Chan , S,. L. 

1 
l':!86 , personnel 

c:ommup,ic.P. r:ion) . 

flased oo a review of major pathways presented in s.ection 'J.3.3 for .inconfine.d, 
ope.o--water disposal sites, similar modes of chemj c:al exposure caa be envi
sioned for all three of the prererred disposal sit.es . The poten tia1 for fine 
materia l and organic matte,: to cemain and concent1;ate in t:he sea surface 
mi=olayer liil]. be mote depi;ndertt upon the kinds o,f mater ial rache.r than on 
che physical characteristics of the d isposal site . Different amounts of mac~
dal may be lost during disposal at che three site s (due to water enc:ra~mend 
because of differences in the depch of the dispo$al sites . D;ica res•.tlting 
from the DFID 1nodel ( Trawle ana Jonnson 1986) iodic;ite chac diffe:t:ences in 
depth existing among the preferrea d i sposal sites do not play a signifi.can t 
r-<1le in increasing- release. of material froln simila.r kinds of dredged mate.riaJ . 
Beca~se of the similar 1011 current velocities and general QOOdispers ive nature 
of the pi,eierred cLisposal sites, resuspension and transport of ~eod;;d dredged 
mace.rial of£ the d.isposal site a r e ,,:,pee Ced co be simil a, £or all i:-hree sites. 
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TABLE 11.9- 1 . CO~fPARJSON OF PJ-fYSICAL AND BIOLOC!CAL PARA.11 15TIRS 
OF THE EREFER.RED OPEN-..IA.TER DISPOSAL SUES XN THE PI-L<\SE I STUDY AREA 

Port Elliott Commencement 
Gardner Bay Bay 

Depth (m) 135 169 178 

Cur'ren t speed (kn.) D. 5 0.5 o.s 
Sediment type silty-clay !tilty-clay silty-clay 

Tuxonomic composites primarily prwarily primarily 
ann<=lids and ,mnelic:js and annelids and 
molluscs molluscs molluscs 

Biomass (g/m2) 40-50 40-50 40-50 

Once the material bas seccled at the disposal sill!, the primary route " • expo
sure (except for resuspension) will be through direct contact between the 
organisl!ls and the bedded dredged material . Since similar species occur at all 
rhree sites, the kinds of organisms that recolon.i,:e the mound will be the silme 
,rnd effects from chemical concentrations should be the same , prov ided that: 
approxi111,;1tely the same kinds and mass loadJ.ngs of chemicals of concern occur 
_. t all sites. 

9 . 6 Adverse Effects of Al.ternative Site Hanagement Condit.ions . ,',.dverse envi
ronmen tal effects expected at the preferred uncon1:ined, open-water sites from 
alternative site management conditions are evalual:e-d in the following sec
t ions . Fo, chis evaluation, individual treatment will be given to individual 
disposal sites only where differences among sites exist. 

9.6 . l Assumptions Used in Alternative Sice Gondit~ion /malys-1s . ilecaose 
scientific knowledge and understanding of populat:l.on and collll!lunity level 
effects associated s,ich the disposal of containinH chemicals of concern mate
rial is not sufficient, predictions of effects mus;·t be based o n chemical and 
biological tests of the dredged material performed in the laboratory. Where 
possible, specific biological tests were recommended based on relatlon,;hips 
established in previous Puget Sound investigation!. be tween sediment chemical 
concen trations and biological effects (fi<=ld or l<1boracory ) . 
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Environmental monitoring at the disposal sic,: is :impo"ttant for verifying lab
oratory predictlons about field effe·ct.s and !'ill allow any needed sice reme
dial wor k . DetaUs of the monicoring plan are disr.ussed l n the MPIA. :n,e 
:following laboratory tests were addtessed by evaluating the po cenual ~or 
environmental effects at t he disposal sites : 

o Sediment Chemical AnalyslS"71 model for proT.ectlvely estimating the 
po t ential (llllOunt of con taminant available to nrganisms. Linder PSDDA, 
sediment chemical analyses establish upper and l ower bounds of chemi
c,~1 chemica l concentra t ions that must be biologic:ally tested to fur
ci1er evalua ce envir onmental e.ffects (sections II -7 .3 and 7. 4) . 

o Aeute Toticity Bioassays- a model for estl :mating potential biological 
effects at the di.sposal site, Although th,e tes t .s are sbo!'t - tei:m (10 
days), and the endpoi11 t measured (mortaii ty) is a severe Indicator of 
biO'logical effects, t hese acu t e toxicity tests indicate potential 
<;nVitonmenc:al effects ( s.ection JJ-6 . 3 ) . 

o Sublethal Bioassays- - a better model of the potential loog-term envi
tonmental e.ffects that n,j,ght be found at t ,he disposal site . Meas ure
ments of endpoints such as growt h race or reproduction provide an 
ince gration of the effects of chemicals o f- conter n on the whole 
organism (section II-6. 4) . 

o Bioaccumttlatlon- - a model of the poten tial for. chemicals of concern in 
t l1e dredged material to be a human heal ch hazard (Section II-6. 4 . 1 ) . 
Chemical ana.lysls will be fo r iliose c-hemicm.ls chai: present a carcino 
gen risk or are noncarcinogenic buc still pose a human health risk 
(section II- 8.4) . 

9.6.2 Trndeoffs Between. Alternative Site Managemei1 t Conditions. The SJ1alysis 
of al ternative site conditions result•s i n a qualit,utive predl.ction of treac.s 
io biological effects summarized in table ll. 9- 2 ·. A quancital:ive analysis c,£ 
,he expected trends is not possible. In assessing the env:ironmental effects, 
both land resources nod aquatic resources need ·to lbe considered, because 
rlredge.d material not acce ptable for unconfined, op,,,,n-w;;ter disposal ivi.11 be 
placed at an upland/nearshore confined site ( p r ovided clle pr.ojecc is il>Cono!tl
cally f easible ) . ll con.finea squatic disposal becomes an acceJ_ltable option i n 
PuP,et. Sound , the l;rends I n environmental c:radeoffs nor;ed i n table II. 9- 2 
between land and water re,;<:>urces wi l l be aJ ceted . 

Th-, relative potential for effect s on water and laud resources changes depend
ing on the alternative site management condii:i ons ,:hosen for unconfined, 
aquacic disposal sites. Selection of Site Condii:ion lII fot' uncoll.iined, open-
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water disposal sit-es results in the hizhe,;t: potential for ad11erse enviroQmen
tal effects in the aquatic environmen t, but the lc,i.rest potential _for similar 
effects on land r esources . Alternatively, sclection of Site Condit.ion I Eor 
unconfined, open--.iater disposal w,;,uld place the h.i.ghesc potential fo-r adverse 
environmen tal effects a t the nearshore/upland site,s . 

9 . 6. 3 Adverse F££e.ct:s of A.11:ernacive Site Hanagemen t Cooditi ons . 

9 .6 . 3.l Site Condict.on I Efie.c:cs. Overall, Conditi on I is the most chemi
cal'ly c:onservative of the alternative sice conditi.ons examined i n detail by 
PSDDA. Of the ·three a.lte-rnaci ve id t e condJ. t:ions cclnsidered, l t pr ovides the 
lowest level. of chemical concen t-rations that would ire allowed a t the open
water d~sposal sites . 

Nari.mum chemical coneen trations assoc:iated 1111:lt Si,te Condition I a-re deiiaed 
uy the MLl. chemistry values presented in cabl e Il . 8- 4 and represent the aon
caroi nant concentration associa ted with the lowest ABT value, determined foi: a 
range of biological indicators. Concentrations o1' clielllicals of cl)ncern J,n the 
sediment are l ow enough thac no biological effects, ru-e ercpected on or off the 
tli;: posa 1 si te. :Because the laboratory tes cs t:ha t cons titu teci r.hree of the 
four biological in.cLica tors used to develop AET are· also some of the tes t s rhat: 
will be applied 1n biologi cally evaluating sedlmeQ,ts proposed £or dredging, 
the MLl values for Site Condition l repr esent the c:hemical con.cenc.ration ,at 
which only the most sensitive of the bioassay spec:ies are e:>cper.ted to respond. 

Ih" dominant specl es found at the preferred displ)sal s ites (annelids -and 
molluscs ) are senerally not fowid to be acutely s,cnsitive to chemicals of con
cern at environmental levtls of chemicals of conce,rn r epresented hy the l1Ll 
chemistry values, and therefore are not e,rpected t :o be adversely affected . 
Cruscaceans, which are typically the raost sensitiV'e species co sediment- bound 
chemicals of concern, axe noc present in gcea t abcmdance (less chan 10 percent 
of the to t al b i omass of beuthic i afaunal species) at the preferred open- water 
disposal sites ( Clarke 1986) . Hence , th.e cumtilattve effects r epresented by 
Site Condi t ion 1 art open-water sites are not exi;,ec,ced to be significant . 

Another potent i al sotl'cce of cumulative effects is from t!ie physical effects of 
sediment disposal ~t the site . Direct phys i cal dl.s turhance ..,:i;ll occur in .the 
zone of act i ve deposition an d will continue as Lon,g as the disposal site is fn 
active use . Specific ,troject evaluations, a s required <mder specifit: Federcil 
;;ind State authortCies , would establish actual dredlged lllate.ria.1 Yoluroes that 
can be placed i o unconfined, open- water disposal s:i res , l:fowever , based on the 
proposed site management condition I, and using be,st-available assumptions a nd 
Sl!.dimenr chemistry data, a:n estimated 6 . 7 mill ion c, .y . of future dredged mate
,ial could be found techt1ically acceptable for unc:onfined, open-wacirr disposal 
chrollgh the yeat: 2000 ( 34 percen t of the 19.4 mil.Lio11 c .y. that: might be con.
sidered for disposal .;c: ttte Phase 1 area PSDDA sit:es ) . Th.is compares with 
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TABLE II.9-2. '!RENDS ASSOCIATED IHTH I\LLOWING ALTNlNATl'lE 
SITE CONDITIONS FOR UNCONFINED, OPB:N-WATER DISPOSAL 

Site Condit i on l(a) Site Concli t i on III 

_ ___ ______ lmpac ts to Puget Sound water quality(b) ________ --.::;,_ 

Impacts to benthic species - ----- - -
Risk to fisheries - --- ------ -- -------------------9-
Risk to humans _ ._______ - ---- --- -----------
Impacts to ground water ------ - ---- ----·-- ------------
-Impacts to air quality ....,,_________ - ---------------- -
Pressure to use limited uplands -.,----- ---- - ------------
Loss o,f in tertid.;il ;,ireas and wetlands '"""'~ - - ---- ·------ ---

_________ _ Loss of t echnological control _____________ ~~ 

_ ____ ___ _ _ Difficulty to remediate ___ ______________ _,,,._ 

(a) Site Condition I resul t s in less material (and effects ) at unconfined, 
open water sites , and more material (and effeccs) at land/shore sites, than 
Site Condi tion III. 

(b) Direction of che arrows indicaces the r elative in=ease in the environ
mental impac t as the al t ernative site condition changes . 
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6. 8 m.iUioo c .y. of dredged mateciill actuillly plac:ed in Phase I 1111ters over 
the p~st 15 years. Jn the pa,;t not all acceptable, material "1as placed at pub
lic disposal sites . Same «as used for 1and£ill or other bene.£,icial pui:poses . 
This w.ould be expected to be true i n the future tc,o , l'urt:her discussion of 
the consequences of t he proposed s i te management cpnditton is contained in the 
DP.IS . Detailed assumptions a nd calculations, shosm elGewhe.re in ePTA , are 
base<l on present cond:iti'ons . It is anticipated that s1s source control 
improves and project-specific e."l)erience and data become available, the por
tion of future dredged material that is acceptable, f.or unconfined, open-w«t:e r 
rtisposal would go up. 

Phys ical disturbance is expected to reduce the val.ue of the biologica1 
resour.ces of che site for the time that the site ts being used . The preferred 
sites wcu;-e inicially e,hosen, however, to minimize potenl:.ial effects pn impor
tant: aquatic resoorces by avoi ding high use areas and impor tant foo<I habi t at.s. 
Glarke (1986) found that the locations of all thr ee prefetred disposal sites 
meet thi s crlte.rion in that a l l sites had r.educed biological resources com
pared wicb surround.ing n r eas. The effect of dredged material disposal on food 
habitnc for e pibenthic predators is expected to bE: minimal be.cause of the rel
atively low 1nitia.l food habitat potential that p:t·esently exists in t:J1e ,u·eas 
ol' the pre£e.rre,d disposal sites. 

9'. 6 ,3. 2 S'ite Condition ll Effects . Dredged mate.rial havinu a .sediment chem
ical con.centration below the NL2 level and llleeti ng t he biol ogical disposal 
guJ.delines {or dredger option) is proposed to be allo11ed £or uncon£1ned, open
wa t er disposal. Chemical guidelines at Site Condi cion ll :represent the high
est: A.ET determined £or a range o f biological indi.o:a tors . .Effects 1:epresented 
by Si te Condition I I at open-.,.ater sites aFe ex~c,ted to consist of some 
chronic effects on- site but no signiliean t effects off site . Specific project 
e,valuac.ions, as requir,ed unde r specif ic Federal an,d State authorities, wil l 
establi sh actual dredged mater ial volumes tha t can be placed in unconfined, 
o pen-water d.isposal ,;ites. However, based on the proposed site management 
coodi tion II, and u,;ing best-available assumptions and sediment Ghemispcy 
dat a, an estimated 11,2 million c.y. of future dredged material coulrt be fo llr!d 
technicaily acceptabl e £or llilConfiaed, open-wa ter disposal th r ougl1 the 
year 2000 (58 percent of the 19 . 4 million c . y . that might be considered for 
disposal at the Pnase .1 a:cea "SDPA sites ) , This c.orapilres wi th. 6 . 8 mill ion 
c.y . of dredged material actually placed in 'Phase. I waters over ~he: pa,;t 
15 yea r s. Jn the past not al l a cceptable ~aterial was placed «t public dis
posal sites . Sume was used for landfill or ol:ber benel'icial purposes . Thi s 
is expeci;e tl t o be true in the fu ture too . Further discussion 0£ the conse
quences of the proposed site management condition is contained i.n the DE1S. 
lletaUed assll!llptiona and aal.culations, shown elsewhere in EPTA, are based on 
present coaditions. It is anticipated thac as sour ce control improves and 
projcctt- specific e,tperience and data become availa:bl e, the portion of fLLt:ure 
dredged material that i s acce ptabl e for unconfined, operr- water d~sposal would 
go up. 
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The biological testing guidelines for Si ce Condit1lon 11, which allow £o r- minor 
significant effect<s in the laboratm:y tests, sugg,isc that some biological 
e.f:feccs may he e.xpecced at che disposal ,;ice. 'lN? sever; cv and extent of l,io
logical effects are not: expected to be great hec.a1,se the ro~joricy of the spe
cies found at the preferred disposal sites are no;: 'known to be acutely sensi
Uve to chemicals of concern. Effects associated w-ith Site Condition II wLll 
include suulethal e£-fects and, potentially, an 1nci:ease if; t'he mortality o F 
the more sensitive but less abundatrc crustacean species. Cull\ula t ive effects 
are expecteil to consist Of a reduction in populatJ:on and communi t y biomass anrl 
an inci:ease in the tissue concentration teve.ls 0£ cbemicaJ.s of concern. 

Me,1surable tissue contaminant levels may result a t: Site Condition TI, but 
these levels are not expected co presen t a human healch pi:oblem. Predators 
that i.nc,lude the disposal sice as part of t:hclr home range Will also exhibit 
increases in tissue eoncaminant. concen tra t ·!on f,001 contact w-1 t:h sediml!'1ts ann 
ingestion of infaunal species . These incre,1ses are not expected co pose a 
human heal th problem. 

Direct physical aist:urbance will occur in cbe zonE, of active deposit.ion and 
will continue as long as the disposal site is beic,g actively used. PhyJ;lcal 
disrnrbance will reduce the ~ecruitment of s ettlictfl Ll!rvae ., which 1n tµrn, 
will con tribute to a reduction :in population rmmbE,r.s and bionass . 

9 . 6 .3.3 Site Coridition III Effects . By definition, Site Condition Ul .would 
allow for moderate effects .at the di§pQsill site, Material that is atceptHble 
for unconfine<l, open-water disposaJ. accord ing to Site Condition Ill guidelines 
could prorluce highly significant responses in bio~tssays te . g ., greater than 
3D percent murta.licy relative ·co control mortality} hu t not "severe" effects 
(,IU'eater then 70 percen t morta.11 ty) . lo addition, bioaccumulation levels for 
chemicals of conce,-.i could exceed Ehe numan healtft indicators and the m.;iterial 
i;cill be considered for un.,on£ined 0 open-water di~:posal . The likelihopd that 
d isposal of mate:;-ial under Site Condit.ion ill guidelines 'Woulrl result in toxi
city to marine organisms at i:he dispos·al site is i:i:eacer th,,n that under Site 
Condition .1 or II guidelines . Actual biological Etffec ts will be a funcuon of 
the org,,..ni:;;ms e)Cposed t o tbe ma terial and the spec:ific orzanism chemical 
interactions. 

Speeiftc project evaluations, as r equired under specific Federa.l and Sta-ce 
authorities, will establish actual dredged materia,l volumes that can be place_d 
in unconfined, open-water disposal sites . However, based oa the pr qposed site 
manageroen t condition II I, and us i og best-available: asslllllptsioas and serlimen t 
chemistry data, an estimated 14 . 9 million c .. y. of fotore dre_dgeci ma terial 
could be found cechnically acceptable for uncon£.in.ed, open-wate_t disposal 
through the year 2000 (77 percent of the 19.4 million c.y. that might be; con
sirle,ed £or d!sposa1 at the Phase 1 area PSDDA sit:e,,) . This ColJlpa:res with 
6 .8 million t .y. of dredged material actually pl ac:ed in !'base I waters over 
th<'- past 15 years . 
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The cumulative effects of this i ncrei:iental volume could be severe because of 
the chem:i,cal concentrations associated with the material and the physical 
effects associated with disposing of such a large volUllle of material. Effects 
on organisms in and around the disposal. site would be ant:icipated for all 
expected pathways of contaminant exposure to this material. 
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10. COST ANALYS I S 

10 .l Over view and Calcul ation 0£ Dred2ed ~~terial Vol umes . '.two im.port,mc 
factors considered in developing the evaluation pc·ocedures for J'hase l of 
PSDDA ar,e: 

l. The costs of cl:temical ?nd biol ogical t es t'!ug to determine acceptabil
i cy £or uncon£ined , open-water di sposal. 

2. 'the ove.rall program costs r esulting from c.he seleccion of di£ferenc 
biological effects site conditions £or man.agemen c of rdte unconfined , 
open- water disposal oites . 

Sedime.n t chemistry guidelines fo e various levels c,f sed imenl c-.hemical co n
centrations were defined in seccion II-8. 2 for tho, alternative site condi
tions . Jlased on these maximum levels for t h r ee of the site condictons, a cost 
analysis was µerformed to : 

o Fstimate costs for sam plir\g, chemical testJ.ng, b i ologica~l 1:e-sting, and 
data quality assurance (QA) evaluation in tlte PSDDA Phase I study (see 
sections 11- 4, II-6, and II-7), and to com,par·e chose c-0sts to the 
testing cosl<s f or current dredged mater ial management pr ocedures . 

o Estim.nte costs £or dredged material managemen t scenario~ based upon 
three alternative slte condicions for !ll"-nagemenc of the unconfined, 
open- 1>ater disposal si t es. Selection of eacb site conditions results 
in al.l.oc.ition of a d.Lfferen t portion of t he dredged materlal volul!Je 
hecween tmconfi ned, open-water disposal atid confined di sposal. 

o Estimate costs £or the iong- ha ul transport of dredged mater ial £or 
dis posal in the Strait of Juan de fi,ca and the Pacific Ocean, and t.o 
compare those costs wir.h costs of unconfined and confined dJ.s po:,al 
technologies. 

The test procedures proposed in secrioru; lI-6 and 11-7 require analysis f or 
greacer numbers of chemicals and a g reater number of aquatic biological test s 
than !'e(Jub;ed under the PSlC guidelines . ( This is not true, howev er, for land 
biologic:a.l testing.) The nature and exten c o f ces ting should be based o□ pr o
ject size, q1Jality of sediments to be dredged (as determined f rom his torica l 
infor ination) , and dep th of sediments to be dredged (see section 11- 4 . 5) . A 
projecti o n of testing ccos ts under PSDDA and a comparison of chese projected 
coses wi t h those esruiated for cestillg programs under the PSIC guidelines i s 
included i n section 10 . 2, 

The analysis als.o provides comp,irati ve cost e s cims tes for dredging, <:rans pore 
of dredged ma t erial, and disposal by differen t methods . Prediction o f cost:s 
for the three sediruenE management sce ,tar1os depends on estimates of bo t h the 
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nat.u:re and the vo1Wl!e of sediments to be dredged . Sediment volumes were pro
jec.t.ed by che Corps for a 15 - year operating per i od (1986- 2000) ln the Phase r 
area • Available sediment chemistry da t a for propo,sed and existing dredged 
area" in the three Phase I dredging areas were use,d to characterize the sedi
ment chemicals of concern . Cl assHicatioo of these, sediment s by deg,;ee of con
taminat:ion enabled all ocati on of total volumes to be dredged in each area into 
subvolum.es that: were either acceptable or anaccept.able for unconfined, open
water di sposal. The derivation of these volumes ~tnd sobvolumes is Che subject 
.of section 10.1.3. 

For th is cost analysis, the managemen t of dredged rnateria.ls was divided into 
three s equentiai operations: dredging, transport of dredged macerial, and 
disposal. Though many combi nat;i.ons of disposal ce,chnoiogy and cy pi;,s of dis
posal sites are possible , che pr lmas:y empl1asis was: placed on comparing the 
total coses of unconfined and confined disposal £0,r each of t he alterr.ative 
site conditions . Consequently , only the f ollowini;; disposal Qptions and tech
nology assumptions were conside r ed : 

Unconfined Disposal 

o Unco!1fined, o pen- water 

Confined Disposal 

o Aquatic, ca ppeil 

o Nearsnore 

o Opland, in terGediace secure 

o Upland, secnre, 

The technology assumptions for each of these five options ls desc_ribed further 
below (see sect i on 1.I-10.3.1 ) . 

Chemicals of concern may be isola ted from the surr'oundlng environment \lill1 
increasing effeccivenl;!Ss from the to p to the bottc,m of this list of dispos;il 
options. The cos c of each opt i on may also increcis:e from top t o bottom, as do 
engineering and maintenance requii:emencs (and asso•ciatec! costs) that are nec
essary to consttucc and nonicor these sites and e n.sure their i n;:egrity. Tcans
port costs may similarly increase because of che clistance of most u pla,1d s i tes 
fro[!) ch-e marine environment. 

The cost per emit volume of sediment handled acconling to .each disposal option 
is estimated i .n seccion 10.3. The volume a l locactons projected in section 
l ft .1.3 and the unit disposal cos es in section 10 . '.:I were used to esUmitte total 
disposal cos ts for. each of the technologies in the, Phase I areas i ncluded in 
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i:his analysis . I n sect;i.oo 10.4, che overall cost:3 for Puget Sound- based sedi
ment roanage_ment options are compared to c_osts for tbe additional dispesal 
alternative_ of hauling dredged materials t o hypothetical disposal locations in 
the Strait of Juan de fuca and the Pacific Ocean. Section 10 .5 contains a 
Slll!lmary of the cost analysis . A smrunary of i:he i.nd:l vidual anal yses of the 
vol ume_ and chemical composition o f s.:diment and the corresponding analyses of 
costs that We.Jte performe·d are prov'.i.ded in figure .U ,10-1. 

Other, equally valid cos t asslll!lp t.:!.ons could have been used ln t he analysis . 
However, small dlfferences in un,i t cos es i\lSSwned here wou.ld not measurably 
alter the couclusfons regarding the selected site management al t:ernative (see 
section II-1]) . Volume of material required to Ull"- con.fined disposal i s the 
ke_y factor driving the compiled <!osts of the alte.i:nati.ves. 

10 . l.l Sources of Data . Sources of daca for the cost informal:.ion preseuced 
in this artal ysi s include the following : 

o Li cerature describing d,,edging a nd chemical testing- of dredged 
ma terials 

o Dredging r.termit applicactons 

o Cost estimates for coring, sampling, ciiern.i.cal and biological Ce.sting-, 
and clrec;Jging proYided by c:ont-raccors 

o Discussions wi th dredge o perators, barge c,wners, pore_ i:epresecntatives, 
engineers, and s cientists involved i n tes1:..i.ng and disposal program 
designs 

(} 'Die Dredged Material Inventory (Envirosph i;re .1986; exhibi t E. 5) 

o The data base used t o derive s ediment quaillty velues for Puget: Sound 
( Te tra Tech 1986 j ) (see exhibit .E.9) . 

The Carps derived the initial volui!e estimates (by dredging areas an6 suh
area~ ) from the Ih:edged Material Inventory ( Eiwi-c<>sphe_re_ i986) .md other pro
jections for major dred g i ng proje,;t,; in Puget Sound . 

10.1. 2 Cost Assumpt ions . Specific case >iSsumpti()IIS for t he teseing, dredg
ing, and ocean-dumping cost analyses ar e describe<l in decail 1o Sections H) . 2, 
10. 3, an d. 10. 4, respectively. Major assumptions <>f the cost anaiyses i nclude 
the following: 

o Disposal cechnolo_gy coses we_re developed us costs per cubi •c ya r d of 
dredged sedimen t as a f uoction of volumes of sediment (ranging from 
10,000 co 1,000,000 c .y , ) . 
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Figure IL 10· 1. Relationship of testing and dredged material management analyses to the overall 
cost analysis tor dredging areas. 
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o All coses were Adjusted to mid-1986 costs based oa a 6 percent annual 
lnfla tion race. 

o All program- level costs are expressed in terms of present unit costs 
(by unit volume) mult.iplied by projected 15-year dredged volumes. No 
attempt 1<as made to forecast trends in th,~ dredging indus tty that 
might cause variations in future unit .cos ts. .Program cos cs include 
compliance anri user fees . 

o & timates of sediment volumes provided by the Cor-ps "e:re based on past 
dredging activities and projected volumes for majot: planned projects. 
lhese estimates do not include che Navy ffomeport project planned for 
the Port Gardne,: area. The Navy project: will oat use th.e PSDDA dis
posal site. 

o E~ timates o.f sediment volumes provided by t.he Corrs include the 
Duwam1sh and the Blair-Si 1:cum large-yolum,? navigation improvement 
ptojects which, if undertaken, coUld l.!Se J?SDllA sites· fat: open-water 
disposal . 

o The ass!!ssment of dredging volumes, sedime,lt tes dng requirements, and 
disposal technologies did not incl.ude a s11rvey of existing and future 
capacl ties of dredging, labo,:acory, sind .t1:anspor1; i ndustries . An 
assessment of the feasibility of :implemenlcing testing/disposal 
rr,,quiremen ts or developing additional capacit ies 1<as not a part o : 
ch.is cost asses-smeot. 

o The cost analysis £or sediment cesting 1s protective; i.e,, iL assumes 
·chat all ~ediment will be subjectt>.d to \:h •~ PSODA requirements . No 
atcempt was made to estimate the quantity of material that may already 
be adequately dlaraccerized and would not require additional cesting. 

10 .1.3 Dredged Material Volume Estimates. The ei;t.:f,matioo of dt:edgea material 
volumes t:ha t are acceptable or unac-ceptable for UJ1coo£ined, open--wa cer dis
posal according to each level 0£ sediment cbe.mist:ry guidelines is a prerequ.i;:;
i te for estimating program- level costs. 'rite meth,Jd for allocating sediment 
volumes to unconfined or confined disposal shown i n figure U. 10-2 i~ based op 
area/snharea volume estimates by tne Corps, estim,ated chemical concentrations 
in sediments l from tbe data base used t-o develop 1; ediment qtialit:y -values 
( Tetr;;i. Tech J 986j)), and the maxi.mum levels £or the three alterna tive site 
conditions (section 11--S.2). 

Area Volume Es clmnte . Fo1: the pu.rpose of this co,st analysis, thr.ae m:tjor 
dredging areas were de.fined for the Phase I area (Evei:ett to Tacoma ) : Por t 
Gardne,:, Uliort lla:y, and Commencemen c Bay . Thesoe dredging areas are sl101rn in 
figure !I.10-3. Pro jections for dt:edged material vol umes were !ll.'.lde f o r the 
L"lree dt:edg;iag areas ln the Phase L area £or t:he LS-year pi,riod 1986 co 2000 
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Figure 11.10-2. Methods for quantifying dredged material volumes according to each EPWG site condition. 
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Figure 11.10-3. Locations of the three Phase I dredging areas in central 
Puget Sound. 
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( table LI . L0-1) . These projc,ctions- lfere fur ther c:~tegor i zed by rlcedging sub
areas within each of the three areas (table IJ.10"-'.l). The tots<] projected 
Volume fo,; all areas £0,; the period 1s 19,397 ,000 c .y . 

Sediment Chemistry !lam . A,:erage cnem1cal concent.rar.ions in sediments we.re 
determined from available data from each of the d,·edg1ng subareas lis t ed in 
cable 11.10- 2. Only the concentrations of detecu,d chemicals were used vhen 
calculating mean values. A decailed desc,;iption elf the, cnemic:als included and 
t he data us eel from each region is given i n exhibit: E. 9. In the Port Gs,rdner 
area, chemical analysis data were available for the East Waterway (10 samples ) 
and 1:ower Snohomish River (4 sa!llples), 1n the Elliott: JJay region, data wer.e 
available for the Lower Dul-famish River (31 sampleH), Upper Duwa mish River ( 4 
SaJ!lples ) , Turni.ng llasin Mo, 3 (3 samples), Sinclai,;, lnlet (8 samples ) , Eagl e 
Harbor (24 samples), Kenmore Navigation Channel (i' saJ!lples), and lake Union (2 
samples, plus 28 PCll samples) . Data from the Comme ncernenc liay area were 
avaUable for Uylebos Waterway ( l,5 saJllples), Blair Wate?:Way (25 sanples) 

1 
Sitcum 1;,:i tei:way (5 samples), and ocher wat'erways ( 31 sa.,pleG) . 

Comparison of Sediment Concencracioo with Sc r eenirlg Level and Ha.ximum Levels . 
Once estimates foc chemical concentra tions were dm:tved foe the vari o us sub
aceas lo each area, they lfere compared to the sc.re,eni<1g and maxi.mum sedi ment:. 
chemistry levels for dredged material (table 1Ll 0 - 3) . For PS DDA guidelines ac 
tl1e ma:d.murn Levels (ML) 1, 2, o r .3, ~hen t:he. mean concent:rations of- any c-wo 
chemicals in sedirnen ts f rom a subarea precluded un,confined, open- water dis
posal of those sediments ac:cord.J:ng to the gllidelimes ~n table Il.10- 3, tben. 
the $ediment: volume for that subarea was included in the sedirnent volume sum 
e xceeding chat: puticular ML Otherwise. the volua,e .for that pacticular sub
area was added to the volume. tha1: is ,;ccepc-able fc,r unconfjned 

I 
ope11- wa te.r 

d!spo:sal according to that guideline . An excep1:l,m to this "slngle chemi cal 
a.1101,ance rule" occurs when a single chemical exc~,eds the maximum level value 
in table II.10-3 by more than 100 p.ercent . The sc:reeru.ng level (SL) does nol 
include a single chemical allowance; i.e., exceeda,nce b,y any one ehemic:al wliJ 
require biological, testing to detel'mine its acceptability for unconfined, 
open- water disposal according to the guidelt.ne. 

Thallium has been removed from consideration in tb:is analysis and chromium has 
been pl aced on the list of cbemic<\ls of concern in. limited areas only. How
ever, chromium will continue to be measured routin,ely i n most areas to build a 
data base for refining its sediment qualic,, value (see section 11- 7 .1.3) . 

Sediment Volume Al.loca tions for Unconfined and Cornfined Disposal . The sedi
ment volume allooations for each dredging area a nd\ alternative chemic;:al riis
posal guide.Lines are shown in table II . 10- 4 . a ba1r - chart depicting the rela
tive volumes of sediments exceeding and meeting tb,e alternative unconfined, 
open-water disposal guidelines is shown in £igure Il .10- 4. The volumes of 
dredged oaterials chat would be acceptable at molt:iuser J>Ublic:, unconfined, 
open-wat;;,r sites uncle, PSl)l) A are t:he Volumes whose, sediment chemlsny do<'s not. 
exceed a particular chemistry guideline. These volumes az:e viewed ,as a range : 
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Activity 

Corps (b ) 

l'orts(f) 

Oi:her(g) 

l'OTAL 

TABLE ll.10- 1. FORECAST DREDGING VOLUMES 
(c .y . x 1,000) FOR PHASE I /\REA, 1985-2000a 

Pott Gardner Ell.iotc Bay Commencement Bay 
and Vicinity and Vicini t y and Vicinity 

J,OOO(c) 4,UZ( d) 2, 690(e) 

300 2,000 700 

l ,64J(h ) 4,413 539 

4,943 10 ,525 3,929 

Total 

9,802 

3,000 

6,595 

19,397 

(a) See figure I. l - 1 for Phase I subareas used fc•r purposes of dredging and 
disposal analysis . 

(b) forecasts by the Corps (in c..y. x 1,000) incl.ude the following: 
Upper Snohomish - 2,000 
L:,wer Snohomish - 1,000 
Upper Ouwamish and npper turning bas in - l,5cl0 
!iuwamisn widening and deepening - 2,500 
Kenmore - 70 
Hylebos Waterway - 50 
Dlair/Siccum navigation i□provement project •· 2,500 

(c) Volume includes 2,000,000 c..y. of material (primarily 
from upper Snohomish River basin Md mainten=ce project. 
disposal is preferred for economic reasons . 

sand ) to be dredged 
Adjacent upland 

(d) Includes 2,512,000 c . y. for Tluwamisb wideninB; and deepening project which 
has been authorized but is not expected to be und~!r taken in the short term 
(1986-1990). 

(e) lnc:ludes 2,500,000 c .y . for lllair/Sitcum navi.gatioo improvement pr oject 
which ha s been authorized but is noc espected to be undertaken i n the short 
term (1986- 1990). 
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TABLE II. 10-1. ( Continued ) 

(f) Forecasts by Ports of Everett, Seattle, and iracoma, ,:is follows (in c.y. " 
1,000) : 

Ellerect 
Port construction - JOO 

Seattle 
T- 91 short.fill - 400 
Kellogg Island - 800 
Port share 0£ Ouwamish widen.ing and deepening - 800 

Tacoma 
Third Sealand Berth - 100 
New Pier 5 area wharf - 150 
Blair term1nal berth - 100 
Hylebos mai.Jicenance - 150 
Ber th and waterway maintenance - 80 

(g) All other project activities , including p.riv,, te parties, st.ate, and muni
cipalities . For Elliott Bay and Vicinity and Comcaenceme.nt l)ay and vicinity, 
volume to be dredged is based on extrapolation of pas, 1.5 year dredging by 
this activity , fatrapolation was based on simple mean of yearly dredging vol
ume from 1970 to 1985. This yearly average was brought foward for the 15-year 
forecast. For Port Gardner and vicinity, the samE! procedure lias followed 
except that estimated volume of tl'.ater,ial to be dr;idged for the Nally Homepocc 
project (3,300,000 c.y.) was no t included . 

(11) Does not include Navy Homeport project (3 ,300,000 c . y . ). 
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Port Gardner 
and v i cinity 

Plliott Bay 
and vici.nity 

June 1988 r ev , 

TABLE I I.10-2. 1.5-YE!IR PROJECTIONS (1985- 2000) OF TOIAL 
DREDGING V0WNES (c .y . x 1,000) BY S PECIFIC DREDGING 

SIJBAREAS WlTHlN EACff DREDGI NG AREA 

Subarea 

East Wa t erway 
Lower Snohomish 
Upper Snohomish 
All other subareas 

rot11l 

Lower Duwamish 
Upper Duwamish 
Duwamish t urning basj'.11 
lakes : Kenmare/Sammamish R.ive.r 
Lakes : Lake wasningtcon 
lakes : l.:tke Union 
lakes : lake Washi.ngi:on Ship Canal 
Sinclair I nlet 
Eagle Harbor 
All o ther subareas 

Projected 
Volumes 

(c . y , X 1,000) 

553 
2,01.1 
2,175 

194 

4,943 

4 , 812 
2,021 

612 
114 

1,368 
5 

80 
200 
ll5 

1,198 

Commencement Jlay 
and vicinity 

Total 

Hylebos Waterway 
Jllair Waterway 

10 ,525 

200 
2,560 

550 
80 

539 

Si.tcum Wa t e r way 
Other water ways 
All o t her subareas 

·rocal 3,929 

Grand '.Fc,tal 19,397 

Refer<1nce: 15-year projected volumes provided by Co r ps . See footnotes 011 
t:able II.10- 1 . 
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TABLE ll .10-:J. SEDIMENT CHE!-tIS:tRY GUIDELINES (a) 

Chemical 
l'SIC 

Guidelinesa 

Ml:.TW (mg/kg dry weight ; ppm) 

Antimony 
Arsenic 
Cadmium 
Copper 
Lead 
Mercu,:y 
rackel 
Silver 
Zinc 

1:1 . 5 
0.7 

68 
33 
0.15 

lu5 

ORGA~ICS ~ug/kg dry weight; ppb) 

LfAh 

Naph thalene 
Acenaphthyleoe 
Acenapht hene 
Fluo-rene 
f'henanchrene 
~J1th.racem, 
2- Me t:hy l na p th ale □e 

680 

HPJ.JI 2690 

Huoranthene 
fyre ne 
Benz(a)onthracene 
t,hrysene 
Benzofluoranchenes 
ben2.o(a)pyre!!e 
lndeno(l,2,3,c,d}pyrene 
Di benzo(a ,h)anthraceoe 
Benzo(g,h,i)perylene 

PSDl,A Chcinisc,;y Gui cfelines 
SI. HL,l ML2 J.!D 

2.6 
70 
0 . 96 

80 
70 
0 . 21 

26 
1.2 

160 

61C 

210 
64 
63 
61. 

32() 
1.30 

67 

1800 

630 
430 
450 
670 
450 
6&0 

69 
120 
540 

II- 157 

3 .2 
85 
5.8 

310 
300 

0,41 
28 
1.2 

260 

5200 

210c 
56C 
500 
540 

1500 
960 
670 

-12000 

9700 
2600 
1300 
1400 
3200 
1600 

GOO 
230 
670 

26 
700 

9 .o 
800 
7UO 

2 . 1 
49 

5. 2 
lGUC. 

6100 

2100 
640 
630 
640 

3200 
1300 

670 

18000 

6300 
4300 
4500 
67uU 
8000 
6&00 

&90 
1200 
5400 

52 
1400 

19 .. 2 
1600 
l400 

4 .2 
96 
10 ,4 

3200 

12200 

4200 
12/;C 
1260 
1280 
6400 
2(iCO 
1340 

36000 

12600 
8GOO 
9000 

1J400 
16000 
13600 

1380 
2400 

10800 
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TABLE II. l 0-3. ( Coo tin ued ) 

Cffi.ORlNATED HYDROCARBONS 

1,3-Dichl orobeuzene 1 70 b b b 
1,4-Dichlorobenzene 26 uo 260 520 
1,2-Dichlorobenzene 19 35 50 100 
l,2,4-Trichlorobenzene 6.4 31 64 128 
Hexachlorobenzene 23 70 130 !+60 

PHTHALATES 
DiJnethyl phtha.late 160 b b b 
Died1yl phthalate 97 b b b 
Di-n-butyl phthalate 1400 b b b 
Butyl benzyl ph thalate 470 b b b 
Bis(2-ethylhexyl )phthalace 1900 b b b 
Di- n-oc tyl ph~halate 68000 b b b 

eJIENOLS 
Phenol 120 42:0 1200 2400 
2-Methylphenol 6 . 3 6,3 63 i26 
4- Me thyl phenol 120 6l'O 12()0 2400 
2,4- Dimethyl phenol 10 29 29 58 
Pen tacblor-ophenol 140 b b b 

MISCELLANEOUS £X1RACTABLES 

ilenz-yl alc.ol:tol 10 57 73 146 
llenzoic acid 216 65,0 650 1300 
Dibenzofuran 54 540 540 1080 
llexachloroecbane 1,400 14,000 14,000 28,800 
Hexachlor obutadiene 29 120 290 580 
TrichlorobutadJene 5. 4 54 54 108 
Tetrachlorobutadiene 8.4 8,4 84 168 
Pentachlorobutadiene 4. 6 ,. 6 46 92 
N- Ni trosodi phenylam:ioe 22 40 2.20 440 

VOL.\TIU'. ORGAl-flCS 

Trichloroethene 160 1600 1 600 320() 
Tetrachl oroethene 14 140 140 280 
Ethylhenzeoe 3.7 33 37 74 
To ~al xylenes 12 100 120 240 
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TABLE II.10-3. (Contio.ued) 

PES TICIDES 

To tal DDT 6 . 9 .14 . 9 69 138 
Aldrin 5 b b b 
ChJ.ordane 5 b b b 
Di eldrin 5 b b b 
Heptachlor 5 b b b 
Lindane 5 b b b 

TOTAL PCB 's 130 1.30 2500 5000 

(a) SL and ML values shown in this cable are tho,,e originally derived using 
the Phase I study . As a resul t of i nformation re ,:eived during public review 
of the Phase I documents, s everal of the values have been updated (see cable 
in sect i on II-ll for current values) . The older .,alues are left here co 
reflect the his torical decision process . 

(b) PSIC ~ Puget Sound Interim Criteria (125% values; single exceedance) . 

(c,) No HL available (see table II . 8- 3) . 
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Sedi.ment Vol ume Allocati ons for 
Unconfined and Confined Di sposal (con. ) 

June 1988 rev. 

a ·c one exLr eme, sedimen t t hat mee Ls c;he screening l evel wil l be cons i de.red 
acceptabl e £or unconfined, open-wacer dlspos;il. Ac l:he OLhe.r e:-.'t.reme, sedi
ment that e·xceeds tlte maximum level is extremel y likely to b.- unacceptabl" for 
uncbnflned, open--w.a ter disposal. Wi d iin t his SL t:o ~IL ·r,mge, t here is [>re
sently no certain me thoil for estimating dte vol \!IJ1E:s of sedi ment chat would be 
accept abl e or unac.cepta ble f or unconfined, open-wa,ter disposal according to 
biol ogical tescs based on sed i ment chemistry data . There.fore, f o r purposes of 
this cost analysis, rlie volume of addi t ional material that would not meec 
biological guidelines (and hence go to confined di.sposal ) is assumed t o range 
from noae (all sed imen t meets biological. g\!ideline,s) to aJ l (all sediment does 
not meet bi,ologica.l guidelines ) . 

For example, for Si ta cond.i t ion I l , the actual sedimen c volume ;.illocations are 
contained within the range bounded by NLl and :112. In order to iden Cify an 
acceptabl e volume for condition .II, th.e arithmeti c: mean 0£ the volume r.ange is 
cal,culated and carried thr ough clus anal ysis (e .g. , volume at Ml, 1 , plns vol
ume at. ML 2, divided by 2 ) . As a result, t he mean ·dredged material volwne.s 
expected to be allowed at multiuse.r, public, uncon.fi.tied, opeu-water disposaJ 
sites is estimated based on the chemistry- bas ed al.locations (~sble II. 10-5) . 
These estimates are ba$ed on the mean of volumes rr,ei:clng the par ticu.l;1r 
guideline level and the next lower gu i deline level. 

Testing cos ts vary subs rnntially among different pro jec:t.s and t esting 
facilitles , There are many factors thal affec t co,s t, typically res ulting i d .a 
range of possible coses . I t "1as not t he objective• of the PSDDA cost analys is
to fully e xplore tld.s range, but ra t iter en identity ".represenca tlve cos cs" 
t ha,t would allow a £.air comparison of the al·t erna!.ivc site managemenc 
c.ooctit:ions . w11i1e for some projects the cos es £or· che.i.i.ical .and l:ti olog.ic..1 l 
tests are exµected to exceed Che values 1n the l'S tl'DA repocts, ut.bec projec t s 
arec e,spected to incur l esser costs . Recent (l'Y88) bid advertisements for 
conducting PSDDA baseline studies have shown cui: re:nt chemical and b iological 
t es t coses to be reasonably close to those VRlues used i.n che Phase I cost 
ana.l.ysis, when adjusted for pr ice l evel changes . 

10 . 2 Cose 0£ Testing. Cost estimates for samplin g and £or chemical and bio
l ogical c.esting are nee<'led to comp;u-e the costs of' tests £or eflcb site con
dition f o r dredged mareria.l, and co compare PSDl)A a,;.d PSIC testing costs . 
Cos ts o f obtaining sed.iment cores and per forming a11d assess inn proposed chemi
cal anrl biologicaL t ests on sediment s amples are e scimated i n thts section . 

l'ropose·d sampling an,;1 chemical and biological tes,.ing reqoire oencs i 1Jr dredged 
macerial cJisposal assessrnen ts are described in sec.tions I I-4. 5, II- 6, and 
H - 7. The number pf, required sediment cores and resulting sample,s for pro
jects of differlng area ranks and deptns of sed'ime,nt to be dredged are shmm 
in table Il.3-L Tlte program- l evel testi ng costs present'ed in this section 
were calculated for t:hree area r a nJ,ing levels (low, moderate, and h igh) and 
two depths U s ted io the sampl i:og and analysis l.tAJ:I [exhibit B) . The present-
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TABLE II. 10- 4 . DISRlSAL VOWME ALLOCATIONS (1985-2000) (cy x: 1,000) 

PSIC PSDCJ.\ 
Guideli~ Olemistrv Gu.idelinesQ 

PSIC SL MLl MI2 Mr..'.l 
Area ~ I-fl E M E M E M E M 

Port Gardner 4,268 675 4,943 0 518 4,425 0 4,943 0 4,943 

Elliott Bay 9, 175 1 ,350 7,413 3,112 7,413 3,lU 6,888 3,637 1,837 8,688 

Ccmnenoernent Bay J, 704 225 3,929 0 1,234 2,695 215 J, 714 0 3,929 

TOrl\L 17,147 2,250 16,285 3,112 9,165 10,232 7,103 12,294 1,837 17 , 560 

a Values in the ''M" column (i.e., volume that might meet PSIC guidelines) base:I on professional 
jlX:lglrent ani expertise of F.cology personnel. 

b Allocations based on carparison of representative l::ullc chemist;:cy data fran the dredging areas 
to PSDOI\ chemical guideline values . 

c E = Material associated with chemical concentrati ons in the secllinent quality vaJ.ue d;,tabase 
that exceeds cbemist;:cy guidelines values. 

d M = Material associated with chemical concentrations in the sediment quality value database 
that rreets chemistry guideline values. 
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TABLE I1 . 10-s. 11EAN DREDGED MATERIAL VOLUMES (c ·Y· X 1,000) 
EXPEcrED TO BE SlilTABLE AT MULl"IUSER PUBLIC UNC.ONF'INED, 

OPEN-I/ATER DISPOSAL SITES 

PSIC PSDDA GuideUnes(a) 
Area .[ (b5 Guidelines II III 

Pore Gardner 675 2,,212 4,684 4,943 

EllioU Bay 1,350 3 , 113 J,.374 6,162 

Commencement Bay 225 1,3,,8 3 ,160 3,776 

Total 2,250 6:,673 11,218 14,881 

(a) Volumes determined as che mea n 
quesrion and i:he next lower level. 
volume equals (volume no t e:.ceeding 

of volumes not: exceeding the level in 
!?or example, J:or PSDDA guideline II, the 
HL2 + volume not exceeding HLl)/2 . 

(b) Allowable dredged ma-cerial volur.ies llllder PSDD!\ guide.line I were calcu
laced as the mean of the volume not exceeding NI.l chemistry guidelines and the 
volume noc exceeding chemistry values r epresented by the following equation: 

{SL + :·fI.l) /2 

'!'he volumes (c . y , x 1 ,000) represented by the checois cry values for (SL+ 
MU )/2 for t he areas are as follows : 

Area 

Port Gardner 
Elliott Bay 
Commencement.. Bay 

Total 

(SL + flLl) /2 

(I 

J,llJ 
Cl - - -

3,llJ 
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Cost of Testing_ (coo . ) 
June J.988 rev . 

and future rantings estim<1red by the Cor ps for eat!h area and subar,,.. are 
listed in tabl e 11.10- 6. AJ.;;o s;hown are t he corr,esponding number of sedimer,t 
cores and analyses req uired under the PSDDA pcogram fo r each dredging area. 

10.2.l Testing Requirements . For this cost an<1lysis, it was assumed that fl 

fnl.l ansllysis of the chemicals of conc.e.rn for dr P.dged material {table II. 10 - 3 ) 
i s r equired for ,:haracterizac.ion of r.he sediment ,?s described Jn section 
IT- 7. 4 . If the concentrations of chemicals of cor,cero e..,ceed the screening 
l.evel for tl:jose chemicals, then additional. biolog:lcal testing is requlre,d (see 
.section II-5) . 1£ tbe test r.esuJ.r s do not meet the d1el'lical zuidel ines, then 
the dredged materials may or may not be manage.I ,qc:cordiag to r ile prescribed 
methods for that particular sire ~ondi t1on de pend:ln g on the outcome of che 
biological testing. These issues are addressed ill section 10 . J . Fo-c the. pr o 
gram- l evel analysis of testing ,costs, it was as.sumed cnac all sediment expec
ted co be allowed at mul tiUser, public, unconfined, open-water d i a posa] sites 
will be suhjec:ted to the biological rests . TI1e volumes for thi,s analysis are 
listed in table n .10- 5, 

Chemical Te:scs, The following ar e br ief descri pc1ons of the EPWG-prescdbed 
chemical t ests chat were iocJ.uded in t he cost anaJ.ysis . Nore details are pro
vi,ded in secci-On I.1- 7 . 4. Quality assurance ce<!ha:[ques dest:.ribed ill Te tra ?ech 
(1986b) ~r.e assumed for each of the £our kinds of analyses : 

l. Metals are extracted using a hydrofl~ntic/aq~a r egia total. acid 
digestion 'Ii th ana.J ),');i s by spectro photoml!t:ty as rleseribed ill Tetta 
Tech (1986£) . 

2 . Pe.sticides and PCU's are solvertc extracted and quantified by ga;; 
chrolll'1tography t:oupled with a choice of rl~,cector s . .Extract cleanup 
and instrumetttar:J:on must be sufficient ;:o ach i eve. de t ec;tion lilr;its o.f 
1 to 20 ppb dry weight . 

J . Acid, base, and neutral organie com pollllds are solven t e.xtracced a nd 
analyzed using gas chroma tograpl1y coupl ed with a choice of detec tor s 
(e .g . , msss spect-rometer, flame iottization de tector ) . fact.rac:t c.Leani,p 
must be sufflc.ien t to ach i eve detec:ci on J.Jtm.i ts ot 50 ppb dry we,ight . 

4 . Volatile organic compounds are anaJ.yzed ui ;ing heated pu11ge- a.nd-c r aµ or 
vacuum extrac tion/purge-and- trap coupled ~nth a mass spectrometer or 
several specific dececcors. 

Biological Tes t s. Proposed biological tests foe ~;ediment qual ity include 
aC!ute (lethal and subJ.ethal ) tes cs an(l a bioaccumulation test . The acute 
tests include two specified bioassay tests (amphlpod and Microtol<) and two 
tests chat have seve-cal options ( juvenile bi'lalve bioassay and larval bio
assay ) . The bioaccumulation test uses an adult cl.am (Mai:,o""' spp . >, Cos cs for 
the bioaccumulat.ioa cest include the tissue anaJ.y,;is for chemicals listed as 
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TABLE LI.10- ·6. /\REA RANKINGS, NUMBER Of CORES, Al,O 
NUNBER OF ANALYSES ESTJ}IATED FOR EACH SIJBAREA 

Area 

Port Gardner 

Lower Sa ohom.i,;h 
Upper Snqhomish 
East Wa terway 
All other s ubareas 

Elliort B;,iy 

lower Duwamish 

i'{ank (a) 
Now/Futur e 

High/Moder a t i! 
Moderate/Low 
Jligh/High 
Moder a te/Mod•?rate 

High/liigh 
lligh/Moderatc! Upper Duwamish 

Duwamish Tu r nin~ Basin 
Lakes: Kenmo r e/Sammamish River 
£akes : Lake Washington 

Noderate/Low 
11:L_gh/Nodera CE? 

Moderace/ModEet·a te 
Lak!;!s: take Union 
fakes: Lake Washingto n Shi p 
Sindair Io.let 
Eagle Harbor 
All other subat"eas 

Commencement Day 

Hylebos Waterway 
Bl air Waterway 
Sitcum Wate r i,ay 
Other waterways 
All other subareas 

PSIC 

l'ort Gardnec 
Elliott !lay 
Commencement Day 

High/High . 
Canal High/Jligh 

Higb/ lllgh 
Low Moderate/'Low(d ) 
Nod era te /Mod.,ra te 

Fligh/High 
lfi gh/1..ow 
High/High 
High/Hoderati, 
t!ode r a te/Modm:ace 
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Number of 
Cor es(b) 

500 
272 
138 

49 

959 

l, 203 
505 

77 
29 

342 
l 

20 
so 
14 

300 

2,541 

50 
370 

38 
20 

135 

613 

1,236 
2,631 

982 

Number of 
Ana.lyses (c) 

100 
38 
n 
10 

240 

802 
lOl 

11 
6 

68 
1 

13 
33 

2 
60 

1,097 

33 
51 
25 

4 
27 

140 

412 
877 
327 
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TABLE Il. 10-6 . (Con t i nued) 

(a) The ranking sys t em is based on two fac t ors : the number of contamin,mt 
s ources (e.xisting or historic) and the availabl e jlr\format i:on 6n chemical anrl 
biological-response characceristics of the sediments. The present rank f or an 
area is presented l.lnder the "now '" column, while the iiXpec ted rank in the near 
future (once ini l:ial sampling is undertaken in ch,, area) is presen tee! under 
··tutul;'e." The number of cores and analyses were calculated using the "future'" 
rank. 

(b) The cubic yardage associated with each core t :aken uz1der PS DI!A wUl depend 
upon the a r ea rank as follows: 

Rank 

L)w 
,'!oder ate 
High 

Cu bic Yardage 

8 ,000 c.y. 
4,000 c .y . 
4,000 c .y . 

( c j lly asswoptioo , the cubic ya r dage associated w·Hh each analysis unoer 
PSDDA will depend upon the area rank a::; follows : 

Rm,k 

Low 
Moderate 
High 

Cubic Yardage 

58,000 c.y. 
20,000 c .y. 

6,000 c . y . 

(d) The 
00

low" rank foe Eagle Uarbor i s for a r eas west 0£ 
plant . All dredging activity is expected from chi.s area . 
plant are ranked "high" and would be expected to maintain 
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Biological Tests (con . ) 
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potential hui"an health problems in section 1!- 6 . S . Biological testing require
ments for upland/nearshore disposal i,ere not spec:lfically determined during 
the evaluation . For purposes of this cost analys.is, the costs for such cests 
were assumed to be at least equal to the cos t of aquatic biol ogical testl,ng 
under PSDOA. 

10.2.2 Costs. To a·ssess the costs to the dredging industry posed by testing 
requirements'under the pr oposed PSDDA program, it is necessary to evaluate 
the.m using differen t chemistry disposal guideline,s f or sediment characte1:iza
t ion and to compa.re PSIC with PSDDA costs . Unit costs are 1:epresentative of 
mid-1986 rates a.ad are for quancity analyses (i .e., g r eater than one sample). 
Single tests may cost as much as twice the given 'bulk races . 
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PSIG Cos ts. Requirements of PSIC (see sect.ion Il- :1. ~. 3) include analys-is .for 
met als (As, Cd , Cu, Pb , fig , Zn), priority pollutant acid- base chemir.als, coca.I 
l ow molecular weight polynuclea. aromatic bydroc.arbDcrs (LPAH), total high 
molecular we-ight polynuclear aromatlc hydr ocarbons ( HPAf!), pes t i cides and 
ecB 's , total solids, oil and grease, graici size, s ,ulfides, and total volatile 
sol ids . Biological testing requirements are assumed to include t he amphipod 
b.i.oassay . Av=age per-analysis costs for t.hese ce;sts are liste d 1n cable 
u .10- 7, 

PSDDA Costs. '.Che projected testing requiremen t s ~roder PSDDA. a-nd estimated 
per-analysis coses for the chemical and biological. cescs are s hown in table 
IL.10- 8 . 

Costs for co nducting sedimen t test protocols have also been estimated by L;:e 
e t al. (1985). l<bere pro coco ls simHar to those d iscussed her e a re specified, 
thecost:s az:e comparable when updated to mid- 1986 values . 

With t he volume astf.m.\ltes for each area p-resented i n r,ection 10 .1. J, prog,;am-
1-evel testing r:ost estimates were cleve lo1?ed for ea.ch of the three PSDDA chemi
cal guidelines and the PSIC guirlel foes ( table II. J.0-9 ) . For dredged ma t erial., 
using the disposal guidelines for condit:i on II, th,e total samp1-1ng and 1:est:ing 
cost for all areas .ts S7 miliion ( present value) over the 15- year projection 
period, or approximately $466,000/yeor . 

A eraphical compari.son of samplin~ and tes .clng cos,ts- £or the ;;hove .\!I.J idel ines 
ls shown in figure ll .1 0-5. Testing toscs for p,;c,jects are projer._cecl to be 
only 2 pe r cent h i gher undec t he Phase l pr ogr;im th.an under the ?SIC program . 

10 . 3 Costs of Di sposal . The cost analys i s oi aJt.e rnative managemenc opt!ons 
fo e dredged material disposal DlllSt add ress all sta ges of the dr edging process : 

0 

0 

0 

Dredging and placement of s edi ments in a ·c:onveyance {barge or pipel:.ne ) 

Transport of t he secllmenc from che project sice to the disposa1 si t e 

Dispos:al of the senimenc in l) unconfined , o pen-wa t er sites, or 2 ) 
confined sites at open- wacer, nearshore, or upland locations. 

Ju . 3 . 1 ,\ssumpcions. The crbieccive of chis assessment i s to evaluate the 
c hanee in costs -resulling from a pplication a£ the al t e rnacive ?hase I disposal 
n ,quir e ments and resulting volumes o f sedi.men t s pr·esented in section 10 .l.3 . 
It ts assumed that the primary varia ble in the analysis is the select.ion of 
disposal o pt i on because disposal oechnologies vary substantially in cos t and 
also strongly tafluence transpor t requ.i.rements, Ihe ma jor engineering and 
design attri butes of each t y pe of disposal ceclmology cons.ider ed in chis 
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TAllLt II.10-7. 

COSTS FbR PRESENT (lNTElHM CRITERIA) SEDL'lENT 
TESTING REQUIRD!F.N"f!l 

Var iable 

Total sol ids 

011 and grease 

Gr a i n size 

Slllfides 

Chemical 

Total volattie solids (TVS) 

Me tals (As, Cd , Pb , Hg, Zn) 

Total LPAH a nd Total HPAH 

Pesticides and PCB's 

Priorlty pollutant add/base/neutral s 
(organic compounds} 

Amphipod bioo.ssay 

To tal Chemical 

Biological 

Total Biological 

Tota l Coste 

Tl-169 

Average Per-Analysis 
Testing Cose (S) 

Sl O 

35 

75 

15 

150 

175 

210 

600 

$1,290 

$450 

450 

Sl , 740 



TABLE II. 10-6. 

COSTS FOR PROJECTED SED:CHl:1'1T 
TESTING REQU IR01£NT:<; 

Variable 

Chemical 

Grain size 

Sulfides and ammonia 

Percent s olids 

Total volatile solids 

Total organic carbon 

Prioricv uo.U.1.1tant metals 
(plus M~) • 

Pes.ticides and PCB' s 

Priority pollutant acid/ 
base/neutrals (organic 
compounds) 

Purgeables 

Total Chemi ca 1 
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Average Per- Analysis 
l'esting Cos t (S) 

S75 

40 

10 

15 

35 

160 

200 

600 

210 

31,345 



TAB LE II . 10-8. {con . ) 

Variable 

Bioaccumula tion 

Juvenile bivalve 

Llmphipod bioassay 

Iarval bioassay ( b) 

Hicrotox 

lliological 

'J:ocal Biologlcal 

J tme 1988 rev . 

Average Per- Analysis 
Testing Cost ( S ) 

Sl ,000 Ca) 

500 

45() 

675 Cc) 

1 75 

$2,800 

{a) Bioaccumulacion coses are estimated at 32,000 per anaJ.ysis . Per 
section II-6 above , bioaccumulation resting wili onl y be required when chemi
cals of human health concern are elevated. Further, no more than one- half of 
the samples for any given project would be requir ed to run this t ype of test
ing . For purposes of this cost analysis, it was assumed t hat: one-half of all 
sampl es needi ng biological testing would also run bioaccumuJ,ation tests {one
half of S2,000 is applied to every sample). 
( b ) Cos t s shmrn for the larva1 tesc are the net effect of combining the 
Section 401 sedimen t toxicity l arval test and the Sec t ion 404 water column 
larva1 test . 
(c) farval sedimen t coxicity (54 50) and water column ($450) cestln/l would 
total $900 for each analysis. For purposes of chi .s cosc analysis, 11: was 
assumed t ha t water co lumn t es ts would be needed on only 50 percent of biol ogi
cal samples ( $675 = Sl50 plus one-ha1 f of $450) . 
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A:rea 

Port Gardner 

Elliott Bay 

Commencement 
Bay 

TAllLE 11 . 10- 9 , 

PROJECTED COSTS OF SEDJJ;JENT SAMPL.Il'IG AND TESTING 
OVER. THE NEXT 15 YR ( 1985- 2000) 

Co,,t (S x 1,000) 
PSDDA 

Cost Category Di sgosal Guidelines 
(S x 1,000) 1 lI III 

Program design/mgt (a) 19 19 19 
Coring(b) 191 191 19,1 
Chemistry(c) 323 323 323 
JI.qua cic: biological (c) 414 65(> 672 
Land biol ogical.Cg) 179 0 0 
QA/QC aQd reporting(h) 5 5 5 

Area Total 1,131 .l , 194 1,210 

P,ogi:am design/mgt 22 22 22 
Coring 508 5013 506 
Cbemistry 1 ,475 jl ,475 1,475 
Aquatic biologi cal 482 574 1,216 
Land biological 2,563 12,382 635 
OJ;IQC and repor t ing 18 18 18 

Area Total 5,068 1\ > 979 3,874 

Program design/mgt 18 18 18 
Coring 12J 123 123 
Chemistry 191 191 191 
Aquatic biological 218 380 391 
l.."Lnd biological 427 105 0 
QA/ QC, and reporting 3 3 3 

Are.a Total 980 820 726 

PSDDA Total 7,179 (5,993 5,810 

l'SIC l'ocal 
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PSJC 

21) 

247 
531 (d J 
185 (f) 
739 

8 

1,730 

22 
526 

1,131 
395 

1,585 
15 

3,674 

19 
1% 
422 
147 
639 

6 

1,430 

6,834 
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TABLE II. 10- 9 ( con . .) 

(a) Design and management costs based on $5,000 !for design 0£ a medium-sizec! 
project (100 cores) and $8 ,000 for management and review. Total medium-si~ed 
pro ject cost: Sl3,000 . Small and large projects (10 and 1,000 cores ) are 
esti!nated to cosc approrlmately one- half and twic<: t he amount of the medinm
sfaed project. Cost model: cost : log(nlllllber of cores) x $6,500. 

(b) Coring coses were estimated at 3200 per core . 

(c) Chemistry costs were estimated at $1,345 per analysis (table Il. J0-8) . 

(d) Chemical testing cos t-s under PSIC were estimated at $1,290 per analy$is 
(table II. lQ-7). 

(e J For PSDDA, biolog:i.cal testing costs $2,800 pci r analysis ( table lI.10- 7), 

(f) Aquatic biological testing costs under PSIC were estimated at ~450 per 
analysis (table 11. 10-7), 

(g) JHological testing r equirements and coses £01: upland/nearshore ulsposal 
were n .01: dete,mined du,ing the Phase I study. i"o1· the purposes oi this eval
Wition, they were assumed to at l ease equal the r.ost of aqualic biologicaJ 
test.i,ng under PSDDA ($2,075) . 

(h) QA/QC and reporting costs based on the following: 

o Additional qA coring coses : 2 percenc of coring costs 

a Addiclon'll analytical coses: 5 percent of a,nalytical coses 

o QA/QC aoalysis/ reporting: based on assessm,mt of all QA/QC analyses and 
20 percent of ot:lter .analyses at 2 . 5, 2, and 1.5 h per analysis for small, 
medium, and large projeci:s, respectively, Cost me>del: cost = (-0 . 5logN+3) x 
U .25 x N; where N = number of analyses (excluding QAIQC analyses ) . 

Figure II.10-6 depicts the overall s1:ructure of the cost 1!todel i,sed for ev;il
ll.J.ting management alcernatives . fuch pathway thrcmgh the model represents an 
i 1tdividual alternative disposal method. 
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June 1981! rev . 

ilna l ysis are sho,m in table J.l. l0- 10 . Assw:,pt.-(oilS for chc use of each co□-
fined disposal technology for !1andlin3 d r edged mate.rial "as developed by the 
Corps . According to these estimates, 40 per cent o.f' the mater ial going to 
confined disposal will be disposed of by open- wace,r capped technologies, 19 
percent by nearshore technologies, 40 percenc. by uipland-intermediate se·cure 
technol ogies , and l _percent b y upland- secure teclu1olog.ies. 

A second variabl e of somewhat lesser importance (and l argely depeuderLt upon 
the selected disposal s ite ) is t.rani,portac.ion. Bm;h the method of transporc 
and the c.ransporc distance orus c be considered. I i: is assumed in this analysis 
that a l l waser transport of sediment ls v;a barge. l'ransporc distance was 
accommodated in t:he model by definJ.ng the loca t i ons of ex.i.sting and hypotheti
cal disposal sites .appropciate to each type of dh:posal t echnology s1nd the 
disi::an~ Cnmi) from each dredging subarea . Sedimimt transport cost$ <,'ere then 
based on a unic cost per loade d-h<1ul-run1. Because, a bucket di;edging operation 
was asswned, overland transport of sediment was aHsumed to be by truck . 

Cut-cerhea<i , hopper., and clamshell-type dredges arc, all commonly use<! in Pugel. 
Sound waters ( Philllps et al. 1985) . In order to maiQtain a manageable ru.unber 
of. cost scenarios, the followi ng assumptions wer e made : 

o A $tandard mechanical clam dred ge (barge-mounted ) is used for sedi
ments qual.t.fying £or unconfined, open-wate,r, disposal 

o A c.los,;d <:.lam dredge i s used for other sediments (confined dispo:;Rl J. 

10 . 3'. 2 Dredging Costs . Costs fo, clamshell (buck.et.) dredgi11g 1Jperati,ons have 
been estimated by othe:r researchers for the Puget Sound r .egi.on (Phillips 
~ al . 1985) and are updated here to mid-198& cos;:s : 

Bucket Size (c: .y. ) 

5 
15 

Production Rate (c .y . /h ) 

zoo 
650 

Cost (S/c.y. ) (1986) 

111.50 
:l0.4o 

For this analysis , it was assumed chat the smaller bucket size is used in all 
pro jects (Parker, R. , January 1987, personal comm~lnication) . It was assumed 
that the cost of closed cla:nsnel l dredges is al.so represented by che abova 
cost . 

The dredging costs fo?" the Port Gardner area are. @•stimated to be $7.4 m.il..1 ion, 
th ose for the illioct Bay area are estimated to be $15 .8 milli<m , and those 
!or the Commcmcemenc Bay area are estimated to be $5. 9 million, 
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IAB1£ Il. 10-10 . 

DESOUPTlONS OF SEDlMENT DI SPOSAL TEC!lliOIOGY ASSLIHPTIONS 

Description 

Sediment discharge at designated 
open- wacer site . 

Discharge co an underwater 
depr ession . Cl ean dredged 
macerl al is placed over 
con tam~ated layer . 

Disposal site in the area of 
influence of norn,al tidal 
fluccuatio!l-5, 1-e,, diked 
wacerways . 

Ter rest1:ial s,ite removed £r oci 
marine environment . Some 
contaminant controls. 

Chemical waste landfill. 

II- 177 

Key Comments 

o Open-water site 

o Natural depression 
Coo dike construction) 

o Ve,:tical down-pi pe 
(no diffuser) 

o Silt currn:tn 

o Graded dike 

o Leachate monitoring 
wells 

o Clean dredged material 
cover 

o J-fc soil liner 

o Leachace monicoring 
system 

o Clean dredged material 
cover 

o A.l.l design requirements 
for hazardous waste 
dis posa1 site i11 
accordance with Sta Ce. 
,ind Federal r egula ci_ons 



June 1988 rev. 

J,0.3. J Transport Costs . 

a. Marine Transport. For this cost analysis, an estimate of $0 . 25/c . y . 
per loaded nmi (Phi.llips ~ al . 1985) is used for d1:edged sediment t:rarutport 
by barge . Rau.l distances for bulk transport from each subarea/waterwayand 
projected dredgin~ volumes for che 15-year analysis period are listed in table 
II. 10-11. 'l'ransporta tion dis tances from t."te subareas w:i thin each oft-1le three 
Puget Sound areas to poten tial dredged material disposal s,tes were measured 
from centralized points within each subarea. The coordinates of chese points 
are included in table II.10-11. Four types of disposal site locations were 
chosen for each of the three Phase I dredging ai;eas {table II.10-12) : 

o An open-water disposal site (:fo,; t he calculation of distances to both 
unconfined and cappe.d sites) 

o A nearshore disposal ~rea 

o A restricted upland disposal. area tupJand - intermediate security 

o A secure upland disposai =ea (assumed to be a c Arlington, /Jregon), 

b . Overland Irarrsport. Overland cransporc p·resoppose.s some reqllirement 
for transferring sediment from bet:ge to truck. The cost fur -chis transfer was 
assumed to be best repres-enred by che cost pe r cubic yard (Sl .50) fo r the 
lower dredging pi:oduc t lon rate (i.e., 5 cy, bucket size ) . This iestimate. i.s 
comparable to that for shore-based draglinr; oper ations (King and Millison 
1985) . 

Transport ! r om shore to uplan.d confined disposal sites can represe□ t a s i g
nificant added crnst for t hese. disposal t ecbnolor,i es. 'l'his is particular.ly 
true in r.he fluget Sounci basin, Wlt ere steep shoreliue relief and limited 
accessibility have a large influence on transfer co upland site,; . rable 
II. 10-11 i ncludes the overlani;l distances t o each upland site . All ovru-land 
transport was assllmed to be by truck at an average unit cost of ~D . 25/c .y. /mi 
for long dist.:rnce hauling, and $0.35 for shor e distance (Jess chan 10 a:i ) 
hauling. 

'£able II. 10- 13 is a summary of the transport costs fo r delivery o.f sediment co 
each type of site listed in cables 11.10- 11 and LI .10-12 . Based on the esci
matecl pe.ccentage .:if total sediment that will go co each type of disposal sfce, 
table 11.10-13 includes the pi;oraced cost of sediment transport £ram each 
Phase I dredging i,rea to the unconfined and c.onfined sites assumed co be 
serving that particular are.a . 
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TABLE 11.10-12. LOCATIONS CHOSEN FOR DISPOSAL Sl iES 
IN THE THREE PHASE I DRE DGING AREAS 

Open-water di s posal 
( bo th capped and uncon
fined ) 

~e arshore disoosal 

Upland (restricted ) 
disposal 

Upland sec,iredi;posa l 

Port Gardner 

E~ist\ng oreferred site 
i n the regional se r~ice 
area . 
La t : 47o59•00" 
Long: 122°15' I 7" 

Site is a large e,1Cistin9 
" spoi l ar ea" noted on the 
navigational chart of 
Port Gardner and vic
inity. A poi nt wi th in 
this area was chosen 
for d i stance measurement 
pu rposes. Si te is due 
west of the city of Ev
erett in t he sou tnern 
port ion of the Snohomish 
River De l ta . 
La t : 47059•40" 
Long : [22014 '00" 

An existing dredged mat
eria l disposal s i t e i s 
loca ted on the east s i de 
of the Snohomish River 
j us t nor th of where [-5 
cros ses the river, so 
for trans port di stance 
calculations a point 
within thi5 ex isting 
site was chosen . 
Lat: 47040'00" 
Long: 122010 •30" 

Tra nsportat ion of dredged 
ma te ria l to t his site 
would i nvo l ve a combi na
tion of overwater and 
over-I and means . Another 
opt ion, shi ppi ng the 
material UD the Snohomi sh 
Rfver, 1<ould involve 
to ta l water transport . 

Chemical waste Managemen t 
Dispos a l Faci l ity i n 
Ari i ngton, Oregon 

11- lbl 

E'l lioc t Bay, Etc. 

E, i:;ti ng/preferred s ite 
i n the regional service 

..a re-a. 
Lat .: 47o37 '36" 
l onjJ: 122022 '00", 

The nor th end o f Ha r bor 
Island 1<as chosen arb i
tra,·i ly a s the loca t ion 
of c1 nearshor-e d i sposa 1 
fac i l ity for the purpose 
of calcula t ing transport 
di stances from t he va r i
ous subareas . 
lat : 47035•20" 
lonq: 122°20•00• 

Ha r bor Is 1 and was chosen 
arb it rar i ly for the loca
tion of a rest r i-Cted 
up l and di sposal ,s ite, 
pri:mar ily t o enable the 
use of the near shore 
transport distances a l
ready calculated . 
lat: 47DJS'ZO" 
long: 122°20•00•• 

Ch,amical Waste ~a nage
me1nt Fac i 11 tY i n Arl i ng
to,n , Oregon 

Corrmenceme-n t Bay 

Exi st i ng/preferred s it 
in the regiona l servi c 
area . 
Lat: 47°16' 17" 
Long: 122°2s · 2B" 

Midd l e \.laterway wa 
chosen as. sugges , ed b 
ACOE for the nearshor 
sit e i n Commence~eri 
Bay fo r trans0or: d i s 
tance caicul a tion pur 
poses . 
Lat: 47°15 '15" 
Long: 1.22°2s '45" 

Th e l'o r t of T .coma 
u-p 1 and .sf t e '1 D II we 
sugg est~d by AGOE i 
c a l cul ate t ra nspor 
distances. 

Chemica l \.laste Manag 
ment Disposa l Facil' 
1n Ar ling ton, Oregor 



Transport Cos ts (con. ), 
June 1988 rev. 

iO . 3 . 4 DispO,;a l Costs. As sho,m 1n figur e 11.10-·6, the two ove.ruJJ. dredgerl 
mat erial disposa.J. options addressed in this analy~:is are unconfined and • 
confined d:isposaJ. . Unconfine<l disposal encom-pass-.,s one disposal tec.hnoJ ogy : 
unconfined, open-water disposal , Confined dis posal encompasses a range of 
technologtes from o pe n-water capping t o secur e l m1d - based landfilling . 

10.3. 4. 1 Unconfined Disposal. Unconfined, open- water disp.osa.1 of hucket
dredged s ediments is usually accompl ished by a bairge or scow for ti;aosport to 
an open-wa ter disposal area . Sedime11t clis 11b.a.rge iB accompl ishen hy rel ease 
through doors i!\ the bottom o f the vessel's bull ( "splir-hull" barge, . 

Un con fined, open-water disposal oos ts -are nnrma.11;; low and consist primarily 
of barge and c.rew standby t ime during the actual disposal (sediment release) 
prooe,;s. Assuming crew and equipment r.osts from Go<l.fr e.y (1983) aad Means 
(l984) construction cost dat:,i, tbe total equipmen 't anti labor cost is 5300/h . 
A maximUJll discharge rate of 1,000 c .y . /h yields a unit disposal cost of 
50 .30/c .y . 

l0 . 3 . 4 . 2 Con.fined D.f.s;posal. A r e.1.ativel y b road 1cange 0£ technologies is 
included in tlie confined disposal cate,;;ory. For 1this cost: assessment, four 
technologies were. modeled and evaluated for to tal cost: open- w.~te.r, capped; 
near shore; upland--intei:media re secure; and upl and·-secure. 

Open- Water Cappeo. The capped, oi:,en- wacer site Wlls assumed to consist: of a 
na tUral depression requiring no e itcava t ion or und0:rwater dike cons tn1ctio11 . 
Ma terial s were assumed l:-0 be depos i ted 1n a na tm:o.l depression in che sea floor 
at a site between 60 and 500 £eet deep (Phi1.l i. ps l? t al, 1985) . Operational 
ass-umpc i oas included sedimenc deposit:ion t hrough ,~ v-;;:cicaJ. downpipe (tcami.e ) 
wlcli -no diffuser . The deployment of a sil t curta:ln to limit l ateral disper
s ion during sediment discharge 11as assumed. [Exaiuples o.f e.x.is tiag capped, 
open-water sites similar i:-o this descr i ption nave be.en evaJ ua r.ed £or Puget 
Sound (Sumeri 1984) and elsewhere (Shields et al . 1984)J . 

11,e overlying cap materials were ,assumed to be av;i:llable from dredging 
projects i n the same vicinity as that generating l:he sedimen.cs requiri ng 
confined disposal . The volume of the cap was assumed to be twice t ile volume 
of the confined sediment:s (2 :1 ratio). 

'tripling the cost of unconfi ned, open-water disposal ( co accoml!lodace the addi
tional cap volume) yields an estimat ed 50 .90/c .y . disposal cost. □se of che 
downpipe system adds anothe r $1.00/c . y . (Phillips et al. 19!35) . An ad<llUonal 
cost of $0 ,05/c .y . f.or a silt curcain was es t i.mat•~dbaaed on mater i.al cosca of 
$2. 75/c.y . of curtain ( King and Nill ison 1985). i'1ssum.iag a requi rement of 
10,000 fc 2 of curtain and 20 pP.rcent contingency . (e . g. , anchors, ballast, 
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lABLE 11 . IO · IJ . SCDIMENf IRANSPOR l COSl S BV SPEC IFIC 
ll ilEOG I NG AnCAS W 1TH IN l'ltASE I OR EOG I NG AREAS 

•······ Traosporl Coc. l~ (l A t,000) 1 -· · ·· -· 
--······ t4 1 I s ~11menl ta uch optl on) - -- - ··-· 

l la ul l () U1h1 1 LO il.su l lo l~U I LO 
Open- \l! t t! r ~e:11: r shOrt' Up l.tnJ Secure 

Site Sl t e ln ter111e<J , Site. Sl le. 

Est lm.tltd Un H 
Hbul to 

UnCor\f ined 
nlsposa I 

Co'>h I i / c1 
l1&1J I lo 
Conf In.el'.) 

0 \S()OUI b 
r,o/ected 

Vo u1u~s 
l <r , 1 ,000) 

------... ···-.. ---------· .... -----------...... . -------·-·· .. -----······· .. ------ -------· .... ............ -·. -· ..... ...... .. -----. ·-· -------·. ---------·-··· . . --
P0rl GanJner 

~ASl ~bll!N4)' 610 IVS 1178 II , 038 t,6 ,591 10. 45 11.85 

Lower SnohClll lc.h 2 ,086 " ,JI ) 11,147 11 ,2S9 11 92 .590 In . BS 11.. 76 

Upper Snohom l '>h 2 , 219 11.A~S IZ,6RI 14 • 702 1105 , 428 11.28 12. 50 

----···· ····------- ······---·--·····-· -·- ·- --···-·-·-----·····---- ( ... ,.9•) ( o.vet'ill)t:J 

Total 4 ,94) 1, •• r,6 14, 11 Z 112 ,999 1451 ,611 I0 .86 I?.. JI 

El) loll Bay 
t o,<er OuwA111 ht\ 4,945 Sl , S96 IS,069 $1 ◄ 1 !",JB 1•2•, 528 10 . 5) 12.•• 
Uppf r Ou"'Am lsh 2,164 12,H I 1 ) ,600 19,69) 1186 , JZ I 11 , I 5 \l .4 4 

Ouwo.mlsh Tur n ing Ba s in I 4 5 II ,080 11 • 451 ll.844 16◄ ,64) 11 .< 5 ll.86 

t ol:e1t: Kenmore /S4l'lllloml1h River 241 II.O J 1988 12, l 42 I ll , 911 \5 ,60 IB.4S 

LAlte.s : l Ake. \bsh 1!1g Lon 1,!iOl 16,155 IZ ,026 17,11 5 11 29 ,987 14 . 50 \ 4. 02 

l a kes: Lnke. Un Ion 118 U B6 1191 11,159 112,ll• 12.00 \S .92 

LAia.fl s ~ Ut~ ~•~h lnolon Sh ip Cu& I 11 l IS21 1ss1 II , 649 11u ,11 2 11.•a 15 . 46 

SlnClll I( lnle.l ))4 11,21 1 11,2)6 1) ,4~/ 129. 709 ll ,6l 11 .19 

£0,9 le lta rhor z,18 IJB4 1)18 II , 280 1n ,s20 11.55 1,1. o• 

---··· ···---------···--·-·········----··· ·-·--------------------·· (.sverooe) ( ave.-age ) 

l6t a I I0 , 525 11 6 ,849 11 5 , 108 145, 466 1910,129 12. nS 15 .05 

t01111'1enren,t\l 8,1y 
llylebos- Wate,wAy ))5 IJ 8 5 1260 1104 125,111 \I.I S 11 , 11 

8h Ir \lcl terw«ij 2695 12 , I ~Z I I, 152 15 ,6611 1206 ,8 41 11 ,0) 12, 14 

st t c ~ ~o. l e rway 60~ ISU 1240 II , <J9 152 ,574 ,n.n II .97 

Other WA l erWO)'S 214 1214 11 7.0 1449 116, 425 11.110 12.1 2 

·······-·- ··-·-···· -- -·- -···~------··········------·-····-------·· (dVerdlJt? t (11vcragel 

tote I l,929 ll ,BIS I Z, )60 18, 2S2 1101 ,55 1 to. 11u I 2, II 

••:••··································~~ ~-~-·,·,··························~···,·~·~·····~····· 
121,200 166 .Il l \1, 666 ,892 Grand Tota l 119,)91 125 ,630 .. -. --------- -- . -. ---- --. --...... ----------.. ---- . ---- ... -....... --- - -- •-• -- .... -- ------- .. -------. ...... -. ---............ -... -----· --... -- . -- . -· .... -. --. -· .. --

l Cos l for b3r9lng: 
Shon trans fer ,111t.l tru, .._ l n9 <10-M\ 1r i n s. f e r : 
ShOr<! t ran1fer ancl lruc k \ ng ) 10 -Pli lrJM ter: 

10.zs,,,..1 
)1.>0/t y 
IL SOiey 

1 ruck Ing: \ 0 . l$/cy/,n1 
Truck ing: \ 0.2'Jtc+;/111 l 

b Un lu c.c,.is t \ for t r anspon to con I liH!d iite µrorau!d based on fo l IOMi ng a.ssumed ,11 lor,.Hi\,, 
3mong dtipusa l le( hnolog les.: 

Ohf)OH1 
l ~s.ti11~10.,9_y 

01ie11-\.lat e:r c,,pp1~d 
ttear!JhOre. 
Up l a11d t r1ter mN11.,l~ 
U!)l iJnd U Ci1r e. 

Percen t or Sed imen t Requi ri ng Con'l,-.c.d 
IH-spoi~ I l hal h Going to [iJ.Cb le( hnolo9.)' 
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fittings), yields a total estimated purchase cost of ~3,b67 for the cw:tain . 
Scaling :in_ ac<:ordance wi~h the $1.00/c.y. cost for the downpl.pe !man~acturi ng 
7ost of appr:otlmate.ly $ 7:i,000 ( Phillips et al. 19e:5)] v'i.cl.ds " unit cost of 
$0. 05/~ · Y· Design and perm'i.tting costs forthe moriel in:oject size of 75,000 
c.y. yields wuc: cosrn of $0.07 for each elemerit, n1e total estimated unit 
cosc_ for open-water, capped disposal (excluding n ·ansportl ls $2.1)8/c .y. 
(table I-1-10- 14). Monitoring is not i nclu<ied la t~e cost of confL,ed aquat.lc 
disposal, in part due co the more rigorous ced1r1ol.ogy assumptions for thi~ 
disposal technique Csee section J!-lQ . 3 . 4.2), in part co an i:>ssumpcion (for 
this cost analysis) chat the material i .s not suffj_cientiy contaminated co 
warrant intensive monitoring, and in part to tnsuJ'flclent informatjon 
concerning potend.al monitoring requirem<ants. 

Nearshore. ~earshote disposal sites are confined disposal facilities located 
wichin the areas o.f influence of normal tidal fluc:tuatic;ru; CCullinarn: et al . 
1986) . Dredged macerial 1s <1dded co- che diked ,ire,a uncil the f;nal elevation 
is above t he high tide elevacioo , Nearshore sites ace normally used in con
junction with hydraulic dredges, but. can also accommodate dz:edged material 
from bucket operadons. Sites in Puget Sound can tnvolve diking of waterways 
with sediment depodtion behind the dike structure,. 

Unlike the underwatec, capped factli ty, the nearijhore disposal ~ite includes 
c.he conscruction of facility structures (dike end we1c) prior to site J.ise. 
Site control and treatment requirellients vacy widely from .si t e to .site. It lf;IS 

assumed tor this model that nearshore facilicy supurnacanc l s not p1:ocef!Slc'_d lly 
physical or chemital creatmenc. Site control con~:ists o£ cUn-m1 diversion <1'l'ld 
site completion w.i c_h a surface cover o f clean dredged material. 

Cost estimates for development, operacton, and completion of neaz:shor.e sites 
of varions capacities are available in the li t erature (Phillips et al. l '.>85.; 
Cullinane et al. J.986) . Table Il.10-15 lists the estlm.:rted capacity and 
preparatio;,-costs .for previously assesse-d nearst1ot:e sitei, in Puget Sormd. The 
mean value of the cos ts s hown in cabl ·e II, 10-15 (updated to mid-1986) i s 
$0 .66/c .y. Assuming a final cover of 3 feet of cJ.ean, dredged lliaterial and an 
average site fill depth of 30 feet, an additional cost of $0.22/c.y . would be 
incurred. Adding the cos.; of installation of t hrE,e monl toring wells pee site 
($7,500) and the cost of monitoring for a 30- year period ($36,000) yields an 
approximate atldltioniil unit cost of $0.05/c . y . f01• srotJnd water lllonitoring 
( based on cue average site capacicy of the e l gbt ~dl:es in cable n . lQ-1 .5 . 
( Note : Tbir, level of moni toring effort assumes cha t routine moititoring has 
been es tablished fo r ~rshore sit:es. Nearslwre disposal project undertaken 
in the near futw:e are U.keJ.y to experience highet'. monttoring costs p.ending 
demons-t:racion 0£ an appropriate site design.) 

1.and acquisition cos ts we.re based on Puget Sound port and financial lnstitu
cioa es timates of hD.OO/ft2 . (Site ts assumed co eccommodate an aver-age 
fill depth of 30 feet , ) Clearing and preparation costs are based on esei~ates 
from Cullinane ec al. (1985) . Design cos t is assumed to be S percent of the 
construction cost £or the average sice size of 265,000 c .y . Permitting tost 
for t he average sized facility is assumed to be $;, ,500. !fabitat mitigation is 
b..sed on purcllase of undeveloped shoreline at $l ,Cl00/l lnear ft. 

II- 184 



TABLE II.1O- 14 . 

DISPOSAL TECHNOLOGY 
COST MODEL: OPEN-WATER 1:::_;,ppffi 

Technology Element 

Dredged ma t er ial disposal 

Cap pl acement 

Downpipe placement 

Sil t cur tain 

Des ign (a) 

Permitting (a) 

TOTAL 

J une 1988 rev. 

Cost./ c . y. 

$0 .30 

0 .60 

1.00 

0 .05 

0 .07 

0 .07 

12. 08/c .y . 

(a) Assume $5,000 for design and $5,000 for permjltting, based on model 
project size of 75,000 c .y . 
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TABLE I I.10-15. 

NEARSHOllE DISPOSAL D1KE AND \./£IR COSTS 

Dike and Prer-aration 
Capacity Weir Costs Cost 

Site (c .y. X 1,000) ($ l( 1,000) ( $/c: .y . ) 

Niddle l<a t erway 650 340 so.s2 

Nilwa1,1kee Waterway 2,160 1,039 0 . 48 

Blair Waterway outer slip 892 885 0 .99 

Blair Waterwey middle slip 945 463 0 . 49 

Blair Watei;-way inner slip 600 383 0 .64 

Blair graving dock 200 101 0 . 51 

Hylebos Waterway No . l 1,274 691 0 .54 

Hylebos Waterway No. 2 300 331 J.10 

Average 878 $0 .66 

Reference: Phillips et al. (1985) , updated t9 19H6 . 
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Combining the above costs, the total estimateri unic cor.t for nearshor.e d isposal 
is $14 , 43/c .y. 0£ sedi,ment ( table Il.10-16) . 

Upland-Intermediate Secure . The cost ot upland di~posel of se~imen ts will 
vary according to speci fic site char acter.istics (Phillips et al. 1985) . 
factors inclucle osmer ship of the site, amount of site preparation necessary, 
and the amoun t of treatment and monitoring 1:equireri both during and after 
sediment disposal and si t e capping . 

Becaus·e upland, intermediate secur ity sites share simil111'. design components to 
chose included in municipal refuse disposal sites, the best available model 
for th.is type of site and its addi.tional complex structures is a municipal 
waste landfill. Cos ts associated with snch facili t:ies wer:e therefore. used in 
this analysis . A recent national survey of 1986 use (tipping fee) coses at 
l andfilb by the N'ational Solid Waste Management Association ( Johnson and 
Petr.it 1987) indicated an avei;age cost of $12 . 30/ton fo r the State of Wash
ington. A conversion factor of 0 . 63 c .y . /ton can be de r ived usin& sediment 
densi.ty measurements for three Commencemen·t Bay samples (Sumer! 1984) and 
assuming a consolidation fac,or of 0 .6. Using this conversion factor. tippin? 
fees r epresent a cost of $19 . 52/c.y. This cost reflects the permitting. main
tenance, monitoring, and othet operational req uiremen t s that are buil c. in t:o 
the use fe.es through long-estabUshed municiP.tl- sector accounting . 

Upland- Secure . The c.losesL upland site i n the Pacific No r t.hwes t regioq cur
rently accepting c:ontamin11t1<d chemical wnsta~ is the Chem Secu-rity, Inc, waste 
dsi,s posal site in Arli ngton, Or egon owned by Chemi,cal llast:e Manage.meat, l nc. 
Al though it is likaly that " secure site used soLely for sedin1enc disPQ~aJ 
would differ somewha t in design, operation, and liocatir,o, the Arlington site 
ls believed to be the best representation of an a,~t!:v" ~ice capable of 
accepting_ hi r-hly c,mtamina ted roa terials. 

The cost for disposal of sludge materials [ not re:gulated by the To,tic Sub
stances Conero1- Act ( TSCA ) or other an ticipated b;3ns on sol vent- bearing mate
rials] at the Arlingt·on J;acility is appro)limately Sl lD- $120/ton [including a 
ccate tax of $10/ton (as of 31 ,July 1986}], depending on the quantity shipped . 
(The val ue was provided by Chem Securi t y for plan1,1ing purposes only and was 
no t provided as a firm bid estimate. } This compa;res witlt a recent estimate of 
$90- $130/ton developed by the U. S . E:PA (1985) . A price of $110/tnn is assumed 
for thls analysi.s . Applying the orev-iously aalc•ulated conversion factor of 
0.63 to the above eost, tnis yields a unit cost o .f $175/c . y . 

S11mmary of Cos ts for Confined Disp.osal . The case:, of each of the confined 
disposal technologies are shown in cable Il,10-17, and are prora ted in aceor
c!ance >riltli the sediment volumes anticipated to be ttansported to .each type of 
s lte (Johns, D.M. , 10 July 1 986, memorandum for r,ec01:d) . Assumptions for the 
percentage of material going to eaeh kind of confined disposal wer:e ll!ade by 
the Corps based on current trends in rna tei:ial managament. Accordingly, 40 pe..
cenJ: of the mate.rial is proj ected for open-water ,:apped d.isposal and 19, 40 , 
and l perceuc are pr ojec ted ior nearshor e, upland intermediate , and upl~nd 
secure disposal, res pee'tively. The prora ted aver age cos t for con.fined 
disposal is $13 . lj . 
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TABLE I I.10- 16 . 

DISPOSAL TECHNOLOGY 
COST MODEL : N"EARSHOR'..E 

Technology Element 

Land acquisi tion 

Clearing/preparation 

Dike and wier 

Cover 

Miscellaneous 

Monitoring 

Design 

Permitting 

Habitat mJ,tigation 

TOTAL 

II-188 

June 1988 rev. 

Cost/ c .y . 

$9 .00 

0 . 03 

0 . 66 

0 . 22 

0 .0 9 

0 .05 

0 .0 5 

0 .03 

4.30 

314. 43/c . y . 
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10.3.5 Costs of ,\lt_emative Disposal Jiaoagesent Optlqns. Toca! o:wnag-emenL 
costs for dredged material £or eacll l'hase I d r edg.l ng area were calcu1ated us i ng 
che sediment volume categories developed in section 10 .1 . 3, ~ogether with the 
above-descrLbed cost eseimat:es, according ta the foLlowine relationship: 

To tal 
Management' 
Cose 

Unit: Hauling 
Cose 

+ linl t Dispos-al 
Cost 

·x Sediment 
Volume 

+ Total Dredging 
Gast 

The results of these calculat.ions are presented i ,~ table ll. 10- 18 for t:he 
15- year projection period. Summartes of thesi, aJ ternative total disposal costs 
are provided in fj,gure .II.IO- , . These result,; sh,:,w chat the costs £or trans
port and disposal of sediment llnder the PSDDA pvo,gram wilJ be significantly 
less, even at the Condition I level, th.an the cos-·ts for tae presen t interim 
program (i .e . , using Puge t Sound lnterira Criter ia) . The escimated costs at 
Condition I and for the i n terim ·program (exclucU.rt;g sediment sampling and 
t esting ) are approximate.l.y, 5259 and 8324 million, respec t i vely. The costs ac 
Coaditioos ll and I I I are $194 million and $139 million, respectively. 
Corresponding annual costs are. also shown in tabloe I l.10- 18 . · 

10 . 4 Cost of Ocean Disposal. 

10 .4.l Hauling Costs . The cost of hauling dredg,ed material ca the Strait Q£ 
Juan De Puca and Che l',icific Oca/111 from che three, Phase I Puge t SollOd dredging 
areas was estimated as .a fw1c cion of material volutne (c .y . J and discan!!e from 
a central l oca~ion within each of the three. areas . 

For the £ii::st 40 nmi of absol tite distance (i.e., lnal!.l dis tance) from a cencral 
location wi th!.o ('!ach of the three. areas to the hypothetical disposal site, a 
barge transporL co,st of $0 . 25/c.y , / aml was assumed (Philllp,; ~ a l. 1985), 
For haul distances in excess of 40 nmi, the following cosc eql.!ation provides a 
unit cost: 

$/c.y . /nmi = $0 . 25 + (nmi -40) x $0. 00623 

Transport distances ware. calculated by designating a cent:.ral poin t .in each 0£ 
the three areas ,and measuring t.he dis·t ance from e,3ch co a point norwwest of 
Ad1niral ty Inlet (latitude: 48°15 • 00" NJ l ongi·tode : 123000· 00" 14) , Th.is 
shipping hub in Admiralty Inlet was assumed t o be a point through which all 
dredged material en route to t he strait or ocean must pass . The remainin~ 
distances from the hub to dredi.etl mate r ial dispos.al sites in the strait. and 
11.cean are the same for each of the Phase I dredging areas . Thro hypo thetical 
d.ispo,;al locnt:ioas, one at the midpoint in the st'Mit ( 40 nmi from the hub ), 
and one 3 runi of.fshare (73 nmi from the hub) were seletced for the analv.sis 
(figure I I. l(l-8) . Transpor t distances from the three dredfi;illg areas to· the 
hub and the hypot.betical disposal locations are lis1:ed in table II,10-l9. 
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TABLE II . 10- 17 . 

SUMMJ..R Y OF COSTS FOR CONFINE[) DISPOSAL 

J[ncluclinS, Secure Site 
Percent of Sediment 

Disposal Going To l:acb Prorated 
Technology Cost (S/c . y . ) Technology Cost (S/c . y. ) 

0pen-.ra ter capped $2,08 40 s 0 .83 

Near s hore 14.43 19 2 . 74 

Upland (a) 1 9 . 52 40 7 .01 

Upland secure 175.00 l 1. 75 

Prorated Tota l : $13. 13 

(a) Based on State of Ra shington ti ppi ng fee sur11ey (Johnson and Pe tti t 
1987 ) . Actual local fees may be up to 100 per.cen i: higher . 

II-190 



TABLE I l.10- 18 . COSTS OF DREDGING MATERI,~L FROM THE PHASE I AREAS , 
HAULING IT TO THE APPROPRIATE SITE , AND OISPOSALa 

• • ·----·· • • · · ·--·· •• • •• ·-• •·PSDDA • ·· · ···--· · ••••••••• •• •••••••••••• - •- - • ••PS IC······••····· 
Site. Condition 1 Sice Condition II Site Condicion J""l_I 
V-01ll!I~ Cost Vo 11.1n• Cos.t vo l~ con Vo l ume Cost {cJ 

Area l1pe /b) (Cy' 1,000) / I , I.DOD) (cy x 1,0001 (I ~ l ,000) (Cy , 1,000 ) (I < 1,000) / cy , l ,QOO ) / I, J ,000) 

Port UCO\/ 1 ,11 2 5 ,884 4, 684 !2,459 4 , g4 3 1),148 615 1, 795 
Garaner- CON 1 ,lll 46 I 42] 159 4 ,40J 0 0 4,268 11,550 

Subtotal 4,90 52 , ) 11 ~, 94) 16,862 ; , 9,3 l ) ,143 4, 94) 74 ,JS? 

EI I 1ott ucow J , 112 LJ .848 3,lt• 15,0 14 6, l62 17,<2l 1,350 6,008 
Bay CON 1,41.3 145 ,888 7, ISL 140,ll2 • ,J63 85,864 9 ,I 75 180,564 

Subtota l 10,525 159 , 7)6 10,525 156 ,746 l0,525 113 ,285 io .s2s 186,512 

COttfflencement ut'OW 1,348 ),747 J , 160 81 78S l,116 Ul, 497 zz; 626 
Bay eon 2 ,581 •J, Z06 769 12,873 l53 Z, Slil 3,704 62.005 

Subtou I J,929 46,953 J,919 21,658 J,929 IJ,059 3 ,9Z9 61,630 

Tota 1 259,001 194,166 1)9,492 n1.~S) 

Annva I 11,267 11,951 9 ,299 II ,570 
Total 

a Dredging was assumed to be by clam dredge . Hau l ing costs were es tima ted as the 
average cost to haul material either by water ( fo r open- water disposa l ) or by truck 
( for confi ned disposal) to the nearest disposa l s i te. Disposa l costs fo r confi ned 
di sposal are based on an average cost of up l and /nearshore disposal. For this ana l ysi s , 
disposal sites were assumed to be ava il able . 

b UC0111: Unconfined, open-water disposal. 
CON: Confined up land/ nearshore di sposal. 

c PSDOA cos t s for unconfined and confined disposal appl 1eo, to l'SIC volumes . 
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TABLE II .10- 19 

DREDGED MATl:RIAL II.AUL DISTANCES FRON THE TFJREE 
PHASE I DR.EDGING AREAS 'l'O LOCATI ONS IN 'rHE STRAIT AND OCEAN 

Total Haul Distances (in nmi) 
Destination Pore. Gardner Elli ott Bay Commencement 

Hub 45 51 73 
Sttait location 85 91 113 
Ocean location 118 124 146 

(a) n,e following coordinates represent points w!lthin the dredging 
areas and at the Hub used for the transport dis tance calculations . 

Coordinates : Lat itude Longi tude 

Por e Gardner 47058 ' 00" 122°15 ' 15" 
Elliott !lay 4 7o35 ' 20" 122020 • oo·· 
Commencement Bay 4 7016 ' 30" 1 2202 5• 55" 
Hub 48015' 00" 123° 00 · 00" 
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TABLll lI.10- 20 

DREDGED MATJ:RIAL DIS1'0SAL COSTS: 
DISPOSAL IN TH£ STilAlT/OCEAN 

Total M,!lna~emen t Cost ( $ x l , 000) {a) 
Di s tance .PS DIDA Dis EOG al Guidelines 

Area Destination (nllli) I II III PSIC 

Port Gardner Strai t 85 61,419 l.l ,015 s, 734 9Z,758 
Ocean 118 83 , 950 13,152 5,734 127,969 

Elliott Bay Strait 91 174,480 168,744 107,715 213 ,o so 
Ocean 124 235,63 7 227 , 740 143 ,710 288,744 

Commencement Strait 113 75,251 25,621 8,748 106,010 
Bay Ocean 146 96,544 31,965 10,0ll 136,568 

(a) Cost ac each effect s leve l based on the asswnpcion that .dl a cc~ptable 
sediments are disposed of at unconfined, o peo-1,ac,er site, and t hat all unsuit
able sedl.ments a r e h;;,uled to the strait/ocean. Hauling rates = 50 .25/c .y . /nmi. 
Unit cos t used for uncoo.fined, open-water is also used for disposal cost at 
sea ( S0 .30/c . y . ) . 
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l/\OLE 11.10· 21. COMPl\nlSON OF DISPOSAL IN IIIE SfRAll/OCEAN TO 
lll/\NSPORl AND DISPOSAL UNIT COSIS FOil OTIIER lECI INOLOGIES 

Long- llaul 1 ransport and lransporl ( I ab le I 1. 10- IJ)a and: 
1 ra11sporl Unconfined Open- water 

and Disposal Disposal Cappeu Nearshore 
Area Destination (lable 11 . 10-20) (lahle I 1.10- lJ) (Table 11.10-17) Pable 11.10- 17) 

Purl Gardner Sl rai l $46.75 SI. 16 S2.94 $16.60 
Ocean .$64. 90 

Lllioll Bay Stra il $50.0~ $2.95 l4. 73 $19 . 48 
Ocean $68,ZO 

CCl<MlencemcnL Strait S62.15 SJ.28 SJ.06 U6.54 
Bay Ocean $80. 30 

a Open- water capped transport cos ls assumed lo equal costs ror nau I Ing to unconfined disposal 
siles. l ransporl costs far nearshore and uplanrl disposal based on prorated average for confined 
di sposa I. 

Upland 
lnlermed. Sec . 

(Tab l e ll.l0- 17) 

$21.89 

$24.51 

S21. 63 

Upland 
Secure 

(!able 11.10-17) 

$177 .J l 

S I00.05 

$177.11 
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Sediment management costs using the strait .an<l oci,an disposal technolo gy .for 
each site condition a r -, based on che assumption that all acceptable sediments 
accordtng to each site condition are deposited at unconfined, open- water sites. 
The cos c analysis .for each ML level further assum,id that ail unacceptable 
sediment: for unconfined, operr- water disposal was haul ed to the strait or 
ocean. The costs for chis option for each site condition are shown in table 
u .10-20 . 

10.4. 2 Comparison to Costs for Confined nisposal., The long- haul transport 
and disposal costs for ,;trait and ocean d-lsposal :,hown in cable 11.10-20 are 
compared to the transport and disposal costs £or other disposal technologies 
in table I L 10-21. The unit cost for the uncon f~ned I open- water option is the 
sum of t he unit t:cansport cost to open- water site!; in each area ( table 
II.10-13~ and the estimated cost of disposal ($0.30/c . y . ) . Uni c transport 
costs for other disposal options shown in table J:L l 0-13, togather wi th t he 
estimated unit co,;ts fov disposal ( table I l.10-17), were used to estimate the 
unit co,;ts for each disposal managemen t: option 1n each Phase I Puget Sound 
dredging area. This analysis demonstrates chat 01;ean disposal is subscan-
t 1ally more co,; tly than an confined and confined disposal technologies (due 
primarily to transpor1:- requirements ) , with the e.x1:eption of dis posal at the 
upland seeure site . 

10 . '5 Conclusions. In the Phase I area, 19. 4 milJ.ion c . y . of material is 
for ecasted t:o be dredged over the next 15 years . Of this total, approximately 
J.7 million c .y . of sediment are unacceptable for lmcon:ined, open- water 
disposal (and 2 million e . y . are accept:able) at the level set by PSIC. The 
volume of sediment found to be acceptable for unconfioeti, open-'Waler disposal 
with Site Condition I is 6 .7 milHon c.y. SignifiLcantly more sediment was 
found co be acceptable for unconfi ned, or.en-wacer di s posa l wirh Site Condition 
11 (11.3 million c.y . ) and Si-ce Condition 11! (14 .. 9 mil llon ,; .y . ) . The 
resulting volumes also provide an :indication of the mat:erial management: 
requirements that will be posed by tl1e sediment qualit:y guideU.nes during th,:; 
projeccion period (1985-1 999). 

10 .5 .1 Costs of Testing-. ilnalysis of the an-cicipated chemical and biological 
ces t.ing requi remen cs under Phase T of PSDDA iodict1 t-es that both the required 
number of sediment samples and types of tests wilJ. i ncrease slightly over 
present (interim) levels . El'WG has proposed a schedule for the frequency of 
sed.lraenc coring and analyses based on known sedim,,nc quality (rankJ, project 
voltme, and other factors. Under this system, ancl assuming t he presen t and 
future rankings assigned to each subarea wi th:ln the three Phase- .I dredging 
areas (1:i!ble II.10-6) and guidel ines estubl i.shed at the site Condition II 
level, the 15-yeai; perJ,od testing costs for rhe Port Gardner, El1-io tc Bay 

I 
and 

C(lmmencement Bay areas would be appr oximately 51. :! million, 55 million, and 
llD .8 million , resp,:ctively, and S7 million cota1 for the entire Phase ! area. 
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Option 

PSOOA 

Site Condition r 

Site Concli.tion II 

Site Condition III 

PSIC 

TABLE 11.10-22 

TOTAL COSTS FOR T}lE MANAGE.'!EMT OPTIONS 
PRESENTED IN THE T'SDDA EIS (S ,r 1,000) (a ) 

Dredging Compl1.ance. 

J une 1988 rev. 

Tes-ting Disposal 
(b) (cl 

Inspec:tion Monitorin g To cal 
(d, e,) (£ ,g) Costs 

7,179 259,001 78i' 712 267,679 

6,993 194,266 1,324 1,475 204,058 

5,810 139,492 J ,756 3,014 150,()72 

6,834 323,553 375 0 330,762 

ta) Options included three a.lterna t i ve guidelines, under PSDDA .:ind use of PSIC 
throllghont the Phase I study area. Cost assumpric,ns used to e-s cJ.= te these 
costs are representative, bui: do n1>t display the Eull r-artge of possible coses 
0£ d r e dging and dreilged ma terial disposal . Given the number of factors t hat 
can affect cost, increased c1>sts above t hose shown. can_ result £or any 
particular project . 

( b) Testing costs include cost of coring, chemical testing, and biological 
testing of sediment: samples. These costs do noc tnclude the cost a·f biological 
testing chat might be required for material that •,1•ou.ld be disposed of in 
upl.and/nearshore sl tes. 

(c ) Dredging costs include c,;,st of dredging, hauling , and disposal of 
macerial going to uncon£ined, open-water and that going to upland/nearshore 
disposal sites. THE COSTS PRESENTED IIER£ ARE UNDERSTATED SINCE 'THEY DO .'IOI 
INCLUDE THE COST OF SITE ACQUISITION AlID DEVELOPJ1J'~T THAT NOllLD BE REQUIRED 
FOR ALL MATERIAL GOJNC TO lJPLAND/NR.•.RSHORE. 

(11) Compliance inspection coses result from ensur:!.ng !:hat dred.ging operato.s 
are compl ying with disposal si. t e use req_uiremencs. Compliance inspection coses 
were estimated at a given f ee. per c.y. of macerial ;:hat would be d isposed o f 
at the open- water sices under each option . For ea.ch opcion , ic was assullled 
that 60 percen t of che volume would be for project:s under 15 ,ODO c .y. ( the 
break-even volume co reach the minimum charge of $:2, 000), and inspect.ion costs 
were assumed a t ~0.15 per c.y . For the remainder of the volume , the S0 .0 7 per 
c .y . fee was used to estimate costs. 
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TABLE II. 1(}-22 

(e) Compliance inspection under PSIC is expected to be r.unimal . Ihe cost of 
$375,000 is c:onsicte.red the minimum effort required r:o conduce compliance 
inspec:tions over a ].5-year period. 

(f) Monitoring cos t s are those costs associ-a ted with monitoring tche open-water 
dis posal sites . No monitoring costs that would b,e associated with upland/ 
nearshore confined disposal sites were included in this analysis. Costs 11ere 
based on those found in the l'SDDA moni toting re po:rt. The cos t s shown for PSDDA 
Site Condition II are those shown in the monit:orii,g repor t. Costs .for PSDDA 
Si ce Condition I assUJlie no full monitoring level of effort, only checking level 
of effort every 3 years. Costs for PSDDA Site Condition III assume full moni
toring every 3 years. Der:ails of the monitoring plan are presented i n the 
Monitoring Plan Technica l Appendix . 

(g) Monitoring of unconfined, open- water disposal sit:es is aot required under 
PS lC. 
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Costs of Testing (con .) .June 19 88 rev. 

Over t he 15- year period, this r epresents an a pprox i m.'!te anaual r.esting cost of 
SA66,000. In comparison, t he 15- year costs for the three areas at the site 
Condition 1 level are $1.1 million, SS million, and $1 million, respecr.ively. 
The incremental addi Uonal cos t o f testing at the Condition I instead of the 
Condi t ion il l evel is only SO . 2 million over the e,ntire 15-year pe.ri,;,d . This 
al1)0un t is equivalent to an additi onal anaual cost of $1 2,000 . 

On a per-analysis basis, le is anticipated that, , ,hen biological t:esting is 
requir ed, Phase I program testing protocols will c:ost apj>rox-lmately 3- 4 times 
the amo unt required unrler cb e PSIC pr ogr am . Howeyer, on a pr.ogramatic basis 
( table II.10-9) , t:his cost ls balanced by the addi.tional chemistr y and land 
biol ogical testing for the PSIC program. 

l0 . 5 . 2 Sediment Nanagemenr Costs. The total estlJJ1ated s ediment manageme n r 
cost s are pr esented in table I I. 10-22 and figure 1:I.10- 9 . These management 
costs include the costs oi moni to ring at the uncon.fined, opeo-wa.te r disposal 
sites. Details of the monitoring plan for this dlsposal option a r e present:ed 
i n t he }!PTA. l:be high cost for upland- secure disposal relaUve to o the.r con
fined sedi.men t di s posal technologies is an overrid,ing fa ctor J u the disposal 
cost analysis . Because it is es t i ma t ed chat apprc,;dmateJ.y 1 percenL or less 
of contaml.nated sedimen t s would be disposed oi i n this t ype of sice, it does 
not severe.Ly _impact t he t o tal costs for confined d.isposal. 

The total estimated c osts of accepi:ing Site Condit:ion I ( the lowest 0 £ the 
four. alti:rl\ative sice <;onciidons) o r the e xisting Puget Sound Inte r im Criteria 
for sedimen t from all ·three dredgin g areas i s appr oximately $268 million and 
$331- million , respecc1vel y, over the IS-year per iC1d of a nalysis . Using the 
disposal guidelines represented by Site Condicion II , the tocaJ. estimated cost 
is approximately $204 mUlion . The to t a l estimate,<! case of ac:c:eptl ng Site 
Condit ion 1 11 is approximately $150 million . 
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11. SELECTED DISPOSAL GUIDELINES FOR SITE IW'IAGB\1ENT June 1988 rev. 

Ll.1 Basis for Selection. Qf the c:hree alr.ernatl.ve site cond.itioa,l, Si1:e 
Condition ll was selected as the upper level of potential adverse bioloeical 
effects acceptable f01: unconfined, open- water disposal. The sHe condition 
;,as selected based pri marily on the follow.i.ng fact.ors: 

0 

0 

0 

Enviroamerttal Protection and Accouncabilit:L - Mater:u;l that t s 
accepcable .at Site Condition 11 is not: expected to produce adverse 
e.ffecl:s ou·tside of the disposal site due i:o relatively low 
concentrations of chemicals of conce.rn and the l!Se of rela ti.vely 
nondispersive sites . lly definition, "no ;;ignificant acute toxiciT:y" 
would be allowed at the disposal site, and any long- term, sublethal 
adverse effects would be con.fined to the cl.:lspos,.,l sire where they can 
he moni tored, and maJ;1age.d a,; needed. Also, Site Condition II is 
1wnsistent with St.ite \•latex Quality St.andctrds. 

Costs - The total estimated dredged matexj:al disposal costs associat:ed 
with Site Condition II are substantially J .ow& than those esti111ated 
using Site Condicio.n 1; and axe. comparablH t o t he costs associated 
with Site ConcliUon II!. 

Precedent:s - Site Condition lI ,eflects the way thai: 404(b)(l) 
Guidelines, have been hiscor1cally applied, avoiding "significan~ 
acute l:oxicit:y" £rom mate,;ial t:hat was approired for unconfined, 
open-water clisposal. 

'Ihe expected volumes of dredged material £tccepcable 1.111,d'!r Site Coodit.i:on II 
guidelines are expected to produce no more than minor effects at t.he disposal 
sir.e. The coral estimated managell1£'nt coses as-sod.aced wich Site Condition II 
allowable e ffects are lower thao those esti111ated 11sing e_.tlsting Pi:.gec Sound 
Interim Criteria . 

11.2 Selected Disposal Guidelines. Chelllical and biologic;il testing sequence 
is shown in figure I I.11-1 aod disposal guidelines1 Eur Site Condition II 
allowable effects are summarized in cable lI.U-1 . Screening level and 
w.aJCimum level chemical concentrations for this sit:e c:tindi cl.on are slll!tmarizod 
in table II.11- 2. Di:erlged material_ with chemical concentrat.loos above ·the 
ma1timum level listed ln table II.11-2 presents a reason to believe thac- the 
mater i al is likel.y cu be unacceptable for unt:onfimeci, open- water disposal . 
The dredger may stop here 11itn no furthez, blologic:aJ. testing requi red, or may 
conduct additional biolog.ical testing (see -secciont II-2. 5) co show that dis
charge of the dredeed 11Jacerial would not cause "unacceptabl,2 adverse effects . ·• 
Dredged 111aterial with cllemical concentrations below the sc:.reen;ing level {Table 
U .11-2) are accepcabl e for ti11conJ;ined, o pe.n- wate.r disposal without bio].og;l,cal 
testing unless con.sidered anomalous (see section II-7 . 7). Ar. chemic.al conc,m
tra t ions between the sc·reeming and maximum levels , the dredged mat e,;ial is 
otily considered ac:cepcable if the biological guide,lines are not e¼ceeded . The 
disposal guidellrtes to be used in conducting Sec:t1.on 401 and Section 404 eval-
11-ations are shown on figure I I.U-2. The "uet effect" of combinin,g the 4()1 
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and 404 procedures is sho,m in the disposal guidelines outlined on figure 
II.11-3. Such mater.ial is defined as pr oducing mi.nor effects <:>f sediment con
tamination on biological i:-esources (see section IJ'- 8. 2. 2). Definitions of 
what cooseitutes a .. signilicant .. response in biolc,gical tests sped Herl by 
E.PWG are s ummarized in figure II. 11-4 . 

An illustrated compai:-ison of the PSDDA screening a.nd maximum levels to the 
existing Fourmile Rock and Puget Sound interim c r iteria is provided in figures 
II.11-5 through 11.11-7. Through the pattern diff'ers for each chemical in 
common (there are many other PSDDA chemicals of ccmcern which ai:-e not 
addressed by the interim criteria), oftett che scr«en level is below r.he 
interim criteria, while the Mximum level i s above . 

ll . 3 Dredger Option t o Conduct Biological Testinp;. When dredged ca teri;,11 
chemicals of concern exceed the ML valu.es, the cire,dger will have two options. 
He may accept the indications of the m. that che aiaterial is unaccept.able for 
unconfined, open-water disposal . He may also puruse ano ther option to conduct 
biological testing. His test.ing program must be c:oordinated and aproved by 
che PSPDA agencies prior to initiation. Details regarding the dredger option 
are specified in section II. 2. 5 

II-203 



NO 

YES 
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NO 
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NO 

~Aeut • +' l.•HUII) f Chi Ol'u;:. / Subl• 11'1•1) 
A rn,;:.niooo B1oac:e umui t !Ion ( 5 I 

.luv , ntl• 6 1v a lvt O l h,r Tu.u ( B) 
tatul f 3) 

MICHOt OX I•) 

iiEil J 
Sande1d B1olo9lc1i Ton 

( Ac.ute/ L.,bt~I IClltonle S\I0!1111'1al) 
A.fN)fll P,00 S!oaecumul111,a" ( -5} 

Jli.,.l'l!le Dh _allt t Lal val (3 J 
Mu:rotQ.l( ~• t 

VES 

NO 

VES 

M.AlERIAL IS UNSUIU.BH 
FOi\ UNCONFINED 

OPEH 0 W.lil£R OISPOS.\l 

MATEFltAL IS SUi'fJ. 9LE 
FOR UNCONFINED 

O?EN, WATER DISPOSAL 

YES 

(1) Blologlcaf testing may .s:tlll be requl red if ther~ Is uason t o t•elieve l hat lhe .sediment Is highly anomalous 
and may repre.sent a signi ficant environmen1al rlsk ev en though all ch&mical s of concern are below 
..screening level.s for unconfll'l ed opnn•wa1cr dlsposat, 

{2) S't-and.ard tier 3 biological (as·tlng can still be. conducte-d whein only • single- C?hemical of co ncorn exceeds 
the maximum level by < 100% Biologica l testing of material \Nll h chemical l evels above maximum Jev~I 
is allowed a-a: an op tion of the dretdgar(.see rootnote 6 ) 

(3) TM:- larval -species can b e used In either a .sedlmen1 toxic ity bioassy (tor Sec tion 401) and/ or In a wat e r 
column bioassy {tor Sect ion 40 .() The sedlmen1 larval 1est rs required whenever biologfcal te.sttng Is 
ne~e.uar y , the !Nater column larva) 1est \s onty reQUlred when water column et lec ts are of concern 

(4 ) M1crotox tesllng Is required only ror Section 401 reviews: H i s not reQlllred l or Section 40 4 ovaluatrons. 

(5 ) The chemical ,creening level that deter'fflines. when b[oaccurnulaton lestrng is required is: higher Ulan 
f or other b lrlogic at t es ting. 

{6) Special blological l e.sting under 1he ·oredger Op1fon· will lnc.lude addl tlonat, more. sensi tive sublcthal 
bi ol ogical lests (se• EPTA) • 

.. I __________ F_,g_u_r_e_11_. 1_1-_1 _p_s_o_o_A_t_o_s_,,_n_g_se,_~ __ ue_n_c_"_· ____________ .Jr 



TABLE 11.11- 1 

IHOLOGICAL AND CHEMICAL DISl'OSIIL GUIDF.LINES 
FOR THE SELECTED SITE CONDITION 

o Biological Site Condition (a) - -

No two acute sediment to:xicl ty bioassays ,ixhibiting a 
statistically significant (P less than 0.05) response 
over reference coadi t:ions; or 

June 1988 rev. 

lfo one acute sediment toxicity b ioassay r ,~sponse is greate, 
than JO ~rcent over, and statistically s :(gn.ificant with 
respect to, refer~nce conditions; or 

Ii tested, the water column larval respon,;e does noc exceed 
0 .01 of the LCS0 concentration after 4 hours initial lllixing; anJ 

II tested, adult bivalve bioaccumulation :Levels do not exceed 
human health tissue guidelines. 

o Maximum Chemical level (b) -

No sediment chemical concentrations highe,r than the highest 
AET for a series 0£ biological indicators (NL2 values ) . 

(a ) Condition II; biological tests cha t comprise the detertnin,ation of Site 
Condition ll are discussed in section ll- 7. 

( b) Condition II ; maximum chemical level (ML2) e:Hablished for Site Condition 
ll is discussed in section II-8. 2; nlllllerica:l valu,~s for ML2 ar e given in table 
I!.8-3; cbe dredger option is discussed in section 11--11.3. 
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TABLE lI.11-2 

SCREENING ANO l~AXDfUM LEVEL Ctl0-11STRY VALUES 
FOR THE SEL£C1'EO S1TE CONDITION 

Chemical 

METALS (mg/kg dry weight; ppm) 

Antimony 
Arsenic 
Cadmium 
Copper 
Lead 
Me-r:cury 
Nickel 
Silver 
Zinc 

ORGANICS (ug/kg dry weight; ppb ) 

low mol ecular weight PAJI 

Naph t halene 
Acenaphthylene 
Acena ph thene 
Fl uorene 
Phenanthrene 
Anthracene 
2-Me thyloaphthalene 
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SL* 

2.f> 
70 
0.96 

81 
66 

0 . 21 
2 8 
1. 2 

160 

610 

210 
64 
63 
64 

32 0 
130 

67 

June 1988 rev. 

ML* 

26 
700 

9 .6 
810 
660 

2 .1 
1 20a 

5 . 2 
1600 

6100 

2100 
640 
630 
640 

3200 
1300 

670 
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TABLE ll.1.1-2 (con . J 

Chemical SL* ML~ 

High molecular weight PAlf 1800 51000 

Fluor an thene 630 6300 
Pyr ene 430 7300 (a) 
Benzo(a)anthcacene 450 4500 
Chrysene 670 6700 
Benzofluoranrhenes 800 8000 
llenzo(a )pyrene 680 6800 
Iadeno(l, 2,3, ~ ,II )pyrene 59 5250 (a ) 
Dibenzo(a ,h )anthracene 120 1200 
Benzo(g,h,i )perylene 540 5400 

Cf!LORINAIED HYDROCARBONS 

1,3-Dichlorobenzene 170 (b) 
l ,4-0ichlorobentene 26 260 
1,2-Dichlorobenzene 19 350 (a) 
1, 2,4-Trichlor obenzene 6 .4 64 
Hexachlorobenzeae 23 230 

PHTHAUTESc 

Di methyl ph tha.1.a te 160 ( d) 
Diethyl phthalate 97 (d) 
Di-n- butyl pbrhalate 1400 (d) 
Butyl benzyl phthalate 470 (d) 
Bis(2-ethylhexyl)phthalate 3100 ( d) 
Di- o-octyl phtbalate 69000 (d) 

PllENOlS 

Phenol 120 1200 
2- 1-!ethylphenol 10 72 (a) 
4- Me thy l phenol 120 1200 
2 ,4- Dime thyl phep.ol 10 (c) 50 
Pentachloropheool 140 (b) 
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TABLE II. 11-2 ( con.) 

Cl:te.inical 

IIISCELI.ANEOUS EXTRACTABLES 

llen2yl alcohol 
Benz oic add 
Dibenzo£ur an 
flexa ehl oroe t hane 
Hexach.lorobucadiene 
N-Ni trosocli phenylamine 

VOLATILE ORGANICS 

Triehloroethene 
Tetra.chloroe thene 
Ethyl benzene 
To t al xylenes 

Pli:STICTDES 

Toral DDT 
Aldrin 
Chlordane 
Dieldrin 
Heptachlor 
Lindane 

TOTAL FCBs 

SL~ 

10 ( c ) 
216 (c ) 

54 
1 ,400 { f ) 

29 
22 

160 (f) 
14 
10 
12 

6. 9 
5 
s 
5 
5 
5 

130 

June 1~88 r ev . 

73 
690 (a) 
540 

14,000 (e) 
290 
220 

1 ,600 ( e) 
210 (a ) 

50 ( a) 
160 Ca ) 

69 
(g) 
( g ) 
(g ) 
( g ) 
(g) 

250() 

*The following procedures were used to develop SL and ML for t he "selected 
o,ffects level" : 

SL = 10% of m. or r eference area concentr.ation, whichever is higher, b ut 
never gre<1ter than the .Loi;,es t A.ET for a range of biological indi cators . 

. 'IL = lli ghes t ft.ppaxen c Effects Threshold Value (RA.ET) for a range of 
biological indicators. 

Some of the SL and ML values r e fleet adjus~ments oode in Apr i l 1 988 as a 
r esul c of informa tion provided during the publie review of the drait PSDDA 
Phase I documents . They repre.o.ient the current gui deline values for these 
chemicals of coneern, subject t o ad juscment duri11g annual review of t he PSDDA 
program. 
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TABLE II .11-2 (con . .) 

(a) The ML set for this chemical is based oa a b:[ological ind; cator witb a 
definitive A.ET . For further discussion see footnote a i n rnble II.8-3. 

(b ) No Ml i.s currently available for these compo1mcls because chere were no 
definitive A.ET for any biological indicator. 

(c) for these compounds, the reference concent:raJ:ioll was nigher than the 
calculated value of SL so SL was set at the refer,mce value. 

(d) EPWG agreed chat biological testing should not be trigge-red solely by the 
presence of phtha;lates. Because these compounds are often present as 
l aboratory chemicals of concern, i:he highest AET was used as the screening 
level and no maximum levels wer e set. 

(e ) These ML were set using t he Equilibrium PartJltionJng approach ( Tetra Tech 
1986j ) because no A.ET values were available. 

(£ ) For chemicals with ML values set by the Equi ll ibrium Partitioning 
approach, SL was still ca1cula ted according to the formulas givP.n above. 

(g) SL for these pesticides was set to 3 times 
deteccioa limit of 1 ug/kg dry weight sediment. 
were availabl e for setting maximum levels. 
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SfCTION40•(b)t1) 
EVALUATION 

VA l'UIW.. J$ $UffASLE 
1'¢~ UH¢0N11J1£P 

Ol'E.N+W,teTfllOCS"O$AL 
PV! S[C'N)N •04 

"''" Conducl~T..u 
ll.wl.l!ltlll.ll) (C~So.ibi.tital) ·- _,.,...,,, 1----~1 ,1-,ii.&1t.i .. 

!.MYW C11 
~tlU (J) 

,... 

YES 

YES 

·•~1$~ ..... t: '°" IJHeOitFINEO 
~-WaTQI O!s-0$AI. 

WATEJUt 1s sun •11.t 
~ l)frtC()Nf\HO) 

CIP£H•WifiT'tAOOIOO$,.f.L 

~cnoN-401 
WAT!R OU.At.m' Rf;VIEW 

HO 

IUTfJUl. IS 'SUIU9U 
,-~~Fll'CW 

OflClf.WAT'tRC!tSPOSA.t... 
~ ste?IOH '41 

111 The sedtmoot larvat test {for seetlon 401 rovlews) Is conducted wheneve-.r blotogicill tesnng js required.. Toe water column larval test 
11or Sec1IOO 404 evaluauons} Is done only when water column effects, are of conc.e-rn, 

(2) MlcroiOx testing lS req1J1red only for Sec,ion 401 reviews; it ts not reQuired tor Se<:Woo 404 evaluatioos, 

(3) The c:hemlcal scree.ning level lha1 determfnes when bioaccumvlation 1estin9 is- required is higher than for other b1olog1cal teS1ln9, 

(4) .. S~stically Significant~ requires both a statistical ditferencg trom reference -and tc1tal mortalify raspons~ that IS greater than 20 
Dercent (absolUL!l} O\ler conlroJ. 

Flgure 11.11-2. Section 404 and Section 401 dJsposal guidelines. 



l&ATUIIM.1:5 UN$Urf~f 
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(1) The ~m&nt tarvat test (tor Section 401 reV1ews) is conduciod wheneve, blolog,cal les11ng rs required. The waler c-04umn larval test 
(for SectJort 404 evalualions) Is done onfy' when wa1er column e.ffects are 01 cone em. 

(2) Mlc;r01ox lesting lS required only tor Section 401 reviews; tt Is not 1equlred 1or Sec:tion 404 evaluations. 

(J l The chemical screening level lhat dete-rmlnes when bioaccumulation testing ts requ-ired tS higher tnan tor oth-~r blologlcal tostlng. 

(4J .. Starlsticaltv Significant" requires both a S1atistical <flf1ere11ce frcm reference and lotal monalny response th St is greater thM 20 
perce111 (absotu1e) over control 

I Figure 11.11-3. PSDDA disposal guidelines. I _________ ____, 
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1. RANQEOF ABSOLUTE MORTALITY 
IN TEST RESULTS. 

2. RANGE OF PERFORMANCE STANDARD FOR 
CONTROL RESULTS ( S 10% ABSOLUTE 
MORTALITY). 

3. RANGE OF ACCEPT'ISLE REFERENCE RESULTS 
(PERFORMANCE STANDARD RANGE IS $ 20% 
OVER CONTROL). 

4. RANGE OF LOWER LIMIT OF "STATISTICALLY 
SIGNIFICANT MORTALITY" IN DREDGED 
MATERIAL RESULTS (2: 20% OVER CONTROL). 

5. RANGE OF SINGLE•SPECIES (AMPHIPOD. JUVENILE 
BIVALVE OR SEDIMENT OYSTER) UPPER LIMIT OF 
"NO SIGNIFICANT ACUTE TOXICITY" (S 30j(, OVER 
REFERENCE). 

0'4 100% 

0% 10~ 

H .._. 
0% 20% 30•;, 

0% 30% 60% 

l·· ··· · ···········••l---1 -----1 

Figure 11.11.4. Relationship of control, reference, and test treatment bloassay results In determining significant 
acute toxicity In sediment toxicity tests for dredged material. 
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Figure II. 11-5 Illustrated example of the differences between interim criteria and proposed PS00A 
sediment quality values. 
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F igure 11.11-6 Illustrated example of the differences between interim criteria and proposed PSDDA 
sediment quality values. 
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Figure IL 11-7 Illustrated example of the ditterences between interim criteria and proposed PS00A 
sediment qu~llty values. 
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12. REVISIONS 1,'0 TUE EVAWATION l'ROCEDURES 

Toiplenientation oi t he PS'DDA UoconHned, Open-Water.· Disposal ~lanagemen t E'lan 
(see l,!PTA a ppendix ll) wi U r'?quire indiV"idual and cooperative action by 
governmen t ageI\c:ies, fo cludii\g close in t e11agency coordinadou . Several local, 
State, and Federal agencies nave over-lapping authority regarding open- .rater 
d isposal of dredged ma ter1a-1 . Some of the 1ssues1, particularl y .sediment eval
uati-0□, are highly technical and de pend on t he 1a 1:est s cie11t!£ic i nformation . 
This expertise rests in a few agencies and m11st be, :t:elied on by alJ.. Like-
1,1ise, environmen tal monitoring wil l be carried out: by two agencies but evaJ.ua
tion of and recommenda't.ions to the PSDDA program ~lill be a coopere't.ive 
effort . This need for cooperation derives f rom the interrela t ion of pr-og r am 
components. These i ssues a r e addressed in che NPTA. For thes ec and other 
nwson.s, an annual review- of the e.valuati"n procedures will occur . 

12 .1 l',inual Review of t he Evaluation P.rocedures. Annillll r eviews are critical 
to the v iability of the pr oposed program. Jn gen<!rel , the proposed procedures 
contain s everal f ea tur es that have n.o c received full implementa·tion in a 
regulatory program prior to PSDDA. J n many cases 1, there were insufficient 
da ta to resolve key issues debated . Also , th.Ls i nsufficiertcy r esul t s in an 
inability to conclusively predict the impact 0£ the pr-oposed procedures . 
Consequen cly, the annual review process is es,;e.n i:::i.al to incorporate what is 
\earned aft er implementation . 

The reviews Will consider both the monitoring darn and r.he informatio n 
obtained from implementing the cestin~ program, awl they will addre.ss bot.."i 
environmental and cost issues. (The key site G-sers l1ave generall y agreed co 
submit cos t /l.ata with the t es t. data for their dredging project:.., to facilitate 
t it i s review. ) ! G is likely that future im provemet1 cs in agency ability to 
cnarecterize t he ri:lstr lbut.ion of chemicals of conc:ern in Puget Sound and to 
better understand the rela tionship between speci£J,t coqtainme□ t. concentrations 
<1nd biolqgical_ effec ts at the disposal site will ,cesul t in an eveact!al 
re<luction ln sampl i ng and analysis r equi.cemeni:s . 

The portions of the t ex t chat addres.s r ev is ions t o the PSDDA prog;,;aru should 
hiflhligh t cerca:in t o pics of concern to bP revie,~ed. Tne cc;,pics incl ude : 

o Utility, inter p r-e tat io11 of, and n<i'ed for , the lllacerial r eleas'? screen 

o Cos es of tes ting and dls po&al. , .esulcing :fr om implementation on the 
procedul:"es, 

o Ioterpretacion, ,esuJ.ts, and uc;ility of mi.crocox testing 

o Scope a-nd <le tai l s of the d1tedge.r biologico,l t esting option (above the 
){L) 

o Singl e chemical e..xce ptions ove.r the SL and HL 
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o Sediment quality values ( both the ML and :SL values) 

June 1988 rev. 

o Results of monitoring relative to the predictions of the lab cescs 
(what do the lab tests indicate about che field?) 

o Improved procedures for evaluation of "an,omalous sedlmencs ." 

12 . 2 General Considerar::tons for Revising the Evaluation Procedures. Follow
ing are several gener.al considerations for revising the evaluation procedures: 

o Changes to the evaluation procedures should be initiated by the 
agencies implementing PSDOA. Allowance 1,:; needed for public t:omments 
co request initiation of chang,::s to the evaluation procedures . 

o The evaluation procedures were developed by experienced managers and 
regulators; these individuals m11st contin11e t o be involved in the 
interpretation of PSDDA gt1idelines. 

o The evaluation procedures sh~u,td be docwn,,nced in a louse- leaf note
book to facilitate changes . All pages si1buld be dated to indicate any 
revisions. 

o The sensic.ivity of new testing 1n:ocedu.ces should be "calibrated" i n 
concurrent tests with the current T~COl!Uilend,ed proc<1dures. 

A major purpo.se of these i:evision procedures is to enable a flexible approach 
in areas that may be subject to advancemen t in sc:ientlfic i<nowledge. l:or 
example, the empirical sediaurnt quali t y values us,~d to determioe the ma.x.1murn 
level will be periodically reviewed to alloi,, cons:lde1:a1:ion of new data (includ
ing monJ to r i ng data) . If improved sediment quall 1:y values become available, 
these may be adopted by PSOOA. Before changing the recommended ilispoo,al guide
lines , the following conditi•ons will be observed 1for i:eviewing changes to AET 
( A.E.T ace discussed in section II-7 . 2) : 

o Changes must be proced\!Ially logical, allowing the managed ·System 1:0 
adjust over time 

o MonicoriLLg ,,iJ,.1 likely provide che necessary evidence that will enal:>1e 
changes co AET 

o The larger the discrepancy be 1:ween the eXJls tin.g A.ET and new vali,es, 
t:he greater the need 1:0 consider i~ the n,iw data represen t anomalies, 
or at leas t an isolated, low frequency ev,mt 

o The acc:uracy of any ,evised AET will be monitored in considering 
changes . 
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13. WORK GROUP CONCLUSIONS 

13. l Pr oposed, Allowable Site Conditi on. Of che three alternative site con
ditions, S'lte Condition II was considered by SPliG to be appropriate as the 
preferred condition for evaluation in Che DEIS. The volumes of dredged mate
rial acce ptable under Site Condi tJ.on II guidelines are expeeted ta p-rotluce no 
more than minor effects at the di sposal sites. The total estimated management 
costs associated wi"C;h Site Candi tion Il allowable effeccs are lower -chan those 
e,;t.imated using existing Puget Sound Interim Crice,r ia. 

13. 2 Additional E.ifort . Further 11ork. in the following areas ls needed: 

a Development of an approach and criteria fc,r reducing (or expandirtg) 
t-he Use of chemical s oi concern (see section ll-7 .1.1) . 

o Development a£ appropriate chronic/ subletfaal tests (see sec:ttQn 
II- 6 . 4) . 

o Invest:igati.on of the effect of losses of chemical,; of c-oncern on the 
surface microl ayer from the d i sposal of freshwater sed1,ments (see 
section II- 6) . 

o Valida cion ot t he gu i deline r ecommenrled fc,r the Microcoi-: biaassay 
res ponse (see section Il- 6. 2) in a study of reference area sediments . 

o Conducting of further scudles of the nick.e!l. and chromium sed.im.e;nc 
qua l ity values by conducting biol ogical te,s cs on setlimen ts collec:r;ed 
froc reference areas that contain elevated levels of aickel .ind 
ch r omium of appart>.nlly natural origin [ e .g, . , Hood Canal; suc:h sedi -
me11ts were no t available in the <la ca base used to develop sediment: 
quP-lity values (see section I.L- 7. 2)] . 

o E,,c-pansioo of the edsting sedime.nt quality values database hy 
reviewing and incorporating ces-c results !'.rom dredging projects 
cont.luc ted under i'S DOA. 

o Performing .a s taUstical analys is of tlte clredged material waoagement 
unit concept using apprQpriace mathematic,u or stati stical tools . One 
tool to be investigate.d is "Kriging , " whic:h is a technique £or 
converting data from a sampling grid of sj'.ngle ~oincs distributced 
d1r oughouc an area to a map of meacured v,1lues showing contour 
int:enals (e .g . , cone;ours of ci1emical conc:enc:ration in a dredged 
matei:ial management uni t ) . 
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o Development and/or es t ablishment of a bioassay that more directly and 
fully addresses potential subl et;hal and cbronic chemical effects , 

o Irnprove1t1ent of the inte.r pr-et.ition of rhe micro to:x test by coopari.,g 
the test ra other bioassays and reviewing t est data froa sedimen ts 

,aroU11d !'□get So l!lld . 

o Conduccing a i::eview- of t he need to add 'I:BT to the list of chemicals a£ 
concern. 

o Development of confined di sposal guide.lin,es, both for evaluadon of 
t he mate.cial and design of the s ite. 

o Assessment of the potential for cooductin,g future PCB chemical 
analyses by q_uan t!fying totals in isomer groups . This shollJ.d .include 
analysis for 32 specific congeners, based on e.nv-iroumental. p,;evalance, 
re.lacive abundance in animal tissues, and potential for toxici t y. 
(Mcfarland , ~ al . , 1986; Clarke, et al., in preparation . ) 

o Reviewing the sediment quality values for possible ar!Justments and 
conduct efficiency analyses (f or pr edicti'lre efficiency) . 

o Development o f a data veri fi cation rroc.:ea:s or protocol for tlie dredged 
material "user manual . '' 

o i«:finement: of t he use of t he "safety ne t " during review of available 
da t a . 

o Continuing to e:x-plore and develop so.lid phase bioassays . 

13.3 Suggested Policy on Research and Deve.lopmen~. The following policy on 
r esearch and develi:nimen L for dredged material mari.agem<int i n l'uget Sound is 
suggested : 

o Research and development projec t s should 1generally ha sma:11 scale 
(i .e . , a large proposed dred$ing project chat e1<ceeds PSDDA disposal 
guidel i nes will not be appropriate under thG guise of a research 
study) . 

o New bioassay cescs that .are proposed shot~Ld be "calibrnced" co the 
response of c.:lit'renc bi.oassays (see sectio,~ ll-7) using good J.abotatory 
practice. 

o Al 1 research ;,u,d development proposals sli,oulcl be reviewed and appr·oved 
by c.he PSDDa a gen eies. 

o Al.I research ,ind development proposals sh,~uld contain prov isi,oos for 
" technology transfer" co othe,r areas aod pr ograms in Puget Sound. 

o l:ncourage the use of da t a prodl)ced by res,~arcb and deve.lopment 
p,;ojec ts to impr ove exis ci"g sediment quality values . 
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