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ORGANIZATIONAL PREFACE 

This docume.nt is a technical appendi..~ to the Puget Sound 
Dredged Disposal Analysis (PSODA) Nanagelllent Plan Report and 
Final Environmental Impact Statement for tbe Phase I study area 
(central Puget Sound). The appendix was prepared by the Disposal 
Sice Work Group (DSl,I;), assigned the responsibility for 
identifying potential unconfined, open-water dredged Qaterial 
disposal sites. 

Part l of the Disposal Site Selection Technical Appendix 
contains introd1.1ctory and conceptual information for t.he 
remaining parts of the document. Pare II contains the detailed 
presentation of the site selection process employed by OS~'G. 
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EXE'CClTIVE SUMMARY 

'This document is a technic-al appendu to ·both the Management 
Plan Report (Ml'R) and t he Pinal Environmental Impacr Sta·tement 
(EIS) for the Puget Souud Dredged · Dispo·sal AnaJ.ysis (PSDDA) 
s tudy , The technical appendix was produced by the Disposal Site 
Work Group (DSkG), which included the U.S . Army Corps of 
Engineers as lead agency, supported by the U.S . Environme.ntal 
Protection Agency (EPA), ana the Wash.i,ngton Departments of 
Ecology and Natural Resources. 

The technical appendix summarizes results for the Phaser 
area of PSDDA, which i ncludes the central portion of Puget Sound 
from Everet t to Taco"'s• DSliG's task for Phase I was t o identif y 
suitable unco~ined open-water dis.posal sites, This technical 
appendix summarizes th.e process by which DSl,U carried ou.t 1 ts 
task. 

Preferred unconfined, open-wace.r disposal sites have bee n 
identified in the Evel'ett, Seattle, and Tacoma urban embayments 
of Pon Ga~dne.r, Elliot t Say, and Commencement Bay, respectively. 
The sites, while varying in size primatlly due to bathymetry , 
average about 350 ac:res in potential bottom impact a rea. Each 
site includes a 900-foot radius, 58-ac·re surface disposal zone 
«i thin whiuh all dredged oaterial must be r eleased. 

The preferred disposal sites are all. located to avoid areas 
with important biological resources and humao use activities. 
The center of the Port Gar,dner preferred disposal zone is located 
about 2-1/4 miles southeast of Uedoey Island in approx.imace).y 420 
feet of water . In Elliott ~ay, the center of the preferred 
disposal zone is l ocated about 3/4 of a mile north of Harbor 
Island in water 265 feet deep. The center of the Commencement 
Bay preferred di!!'posal zone is located approumately l mile west 
of Browns Point in water about 530 feet deep. 

The site selection process used by l'SDllA utilized erlsting 
information in combination with field studies to ident:i.fy 
preferred and alternative disposal sites. Steps of the si t e 
selection process were as follows: 

(1) Define general siting philosophy, This st.ep add r esses 
disposal philosophy (i .e., dispersive versus nondispersive), 
gen~r~l siting locations ( i.e., ocean, strai~, or sound), and 
number of dis?osal sites. 

(2) Identify seJ.ection f actors to delineate Zon~s of 
Siting Feasibility (ZSFs). ,nis step uses exising information on 
biological resources and hucan use ac t ivities to identify general 
areas where disposal sites might be ~pproprlately located. 
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( 3) Co11duct field studies on the ZSFs, Field and model 
studies are COllducted to fill key data gaps ,and gather 
io£ormation Oil the ph.ysica.1 and 'biological c,ond:itiolls of the 
ZSFs . Since these studies were conducted co check the· general 
condition of the ZSFs, they are refe=ed to ,as "checking 
studies." 

(4) Identify -preli!!linacy sites within ,~ach ZSF. 
In.formatloll f1:om the ZSF studies is ~ed to :ldentify preliminary 
locatiops for disposal sites t4thin the ZSFs .• 

( 5) C0t1duct field studies 011 the 
studies are collducted to obtain lleeded 
information £01: the preliminary sites. 
1:efer1:ed to as "site-specific studies . " 

sit:es,. Field and model 
physical and biological 

Thes1! studies are 

{6) 
specific 
sit-es. 

Identify prefer1:ed sites, Informa1:ion from the site­
studies is used to identify pt'efen-iid and alternative 

Existing DN!l disposal sites were considE!red in the disposal 
site selection pt'ocess if they met certain s1. te selec·cion 
facto1:s . 1ll.l cooperating agencies in PSDDA .a,greed early Oil that 
110 specia.1 a priori consideration woulcj be gi.ven co the exis tiog 
sites because of hU11Ja11 use conflicts and envj.ronmeo ta.1 concen.s 
with past dredging and disposal protocols. /111 objective site 
selectio11 process was used to• mi11imi::e enVirc,nmental and human 
usage conflicts as much as· possible, and exis·ting sites 
adequately meeting the site select1011 £actors and constraints 
we1:e given equal c0t1sideration with other pot,ential sites. 

The key steps in the site selection process were as follows. 
First, Zones of Siting Feasibility (ZSFs) ver·e found by 
overlaying many maps of human and biological resour,ces. A 
numerical dredged material disposal model was also used to 
determine the size of the disposal sites in various water depths 
and water speeds . The map overlays and model results resulted in 
ZSFa large enough to embrace potential disposal sites in 'the 
vicinity of majo1: dredging activity near Ever,ett, SeatUe, and 
Tacoma . 

Second, more detailed maps wer·e construe ted of the ZSFs 
describing three basic characteristics: 1) current strength; 2) 
sediment character; and 3) biological resources. Fron, maps of 
current sttength and results from earlier dredging activities it 
was determined that dredge materials would be resuspended at: 
curre11t speeds faster than half s knot. Beca·use a non-dispe1:sive 
philosophy lfSS ado,pted, are.as were sought where dredged material 
would oot be sigllificanUy transported or whe·re current speeds 
-were less than half s knot . These areas also coincided with 
characteristics indicating that these areas w,ere depositional, 
1.e . , where sediments tended to naturally acc•umulate. 
Fortunately these low,:ur1:ent, deposi ti0t1al s:reas also contained 
relatively low populations of crab, shrimp, aio,d bot:to111fish when 
compared to commercial and rec1:eaciooal areas of Puget Sound. 
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The proposed disposal sites were placed in these low c urrent 
(peak l percent current velocities less than 25 C1JJ/s), 
depositional, and minimal l y populated a r eas within t he ZSFs. 
Although the inner Elliott Bay site had some shr imp densities 
t hat were hi gh compared co other ZSFs, when compared co 
commercial areas it is a relatively low shrimp area. A 
commer cial fishery for shrimp would also be unable to op~rate 
because of the high commercia l shipping activity. The capacity 
of the preferred disposal sites is estimated co be several t imes 
the volume of dredged material disposal projected t hrough the 
year 2000. 

' 

V 



_poGET SOUND DR.EDGED MATERIAL DISP;JSAL ANALYSIS 

DISPOSAL SITE SELECTION TECHNICAL APPENDIX 

TABLE OF CONTENTS 

ORGANIZATIONAL PREFACE 

ACKNOWLEDGEMENTS 

EXECUTIVE SUMMARY 

TABLE OF CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

PART I 

1. 
1.1 
1.2 
1.3 
1.3.1 
1.3.2 

2. 

2.1 
2.2 

2.3 
2. 3.1 
2.3.1.1 
2.3,1.2 
2. 3.1 . 3 
2.3.1.4 
2. 3. 2 
2.3,3 
2.3.4 

PART II 

1. 
1.1 
1 .1.1 
1.1.2 
1.2 

INTRODUCTION 

STIJDY GOALS, DESCRIPTION, AND ORGAl!IIZATIOl'I 
Puget Sound Dredged Disposal Analy,sis 
Disposal. Site Work Group (DSWG) 
Management of the Disposal Site Wo:rk Group 
Participants and Coordin.ation of lfork 
Public involvement 

DISPOSAL SITE SELECTION BACXGROUND 

!Je.finition of Dredged M.lterial 
Existing Unconfined, Open-Water Di;iposal Sites 
in the Phase I Area 
Reevaluation of Unconfined, Open-Water Sites 
Need for Unconfined Open-Water DisJposal Sites 
Dredging in the Phase I Area 
Dredging Areas 
Historic Dredging 
DJ;edging Forecasts 
Concerns with Existing Sites 
Site Selection Philosophy 
Existing Information 

IDffiTIFICATION OF UNCONFINED OPEN;JATER 
DISPOSAL SITES 

OVERVIEW OF DISPOSAL SITE SELECTION l'ROCESS 
Disposal Philosophy 
Assumptions 
Obje-ctives 
General Siting Locatlons 

vi 

Page 
i 

ii 

iii 

vi 

X 

.xi 

I-1 

1-1 
I-2 
I-4 
I-4 
I-4 
I-5 

I-10 

1 -1.0 
I-10 

I-11 
r-12 
I-12 
I-13' 
I-13 
I-14 
I-14 
I-14 
I-J.5 

ll-1 

II-l 
II-2 
II- 3 
II-4 
II-4 



1. 2.1 
1.2.2 
1. 2.3 
1.3 

2. 

2.1 
2.1.1 
2.1.2 
2 • .1. 3 
2. 1.4 

2. 2 
2. 2 . ;i. 
2.2.2 
2.2.3 
2.2. 4 
2.3 
2. 3. 1 
2.3.2 
2.4 

3. 

3.1 
3,2 
3. 3 

4. 

4,1 
4.2 
4.2.1 
4. 2.2 
4. 2, 3 
4.2.4 
4. 2. 5 
4. 2.6 
4.3 

5. 

5.l 
5.2 
5.3 
5.4 
5.4.1 
5.4.2 
5.4.3 
5.4.4 

Ocean Dis110!1al 
Disposal in the Strait of Juan de Fuca 
Puget Sound 
Number 'Of Si te-s 

ZONES OF Sl'!ING FEAsIBII.ITY (ZSFs) lN 
PHASE I AREA 

Iden'd.'.ficat.ion of the ZSFs 
General ZSF Selectlcm Factors 
Specific ZSF Selection Factors 
Apply Constraints t'O Identify ZSFs 
Prioritization of ZSFs for Purposes of 
Field Studies 
Description of the ZSFs 
Sarat'Oga Passage ZSF 
P'Ort Gardner ZSF 
Elliott llay ZSFs 
Co1DJ1encement Bay ZSF 
Literature .Review 
Bibliography 
Environmental Studies Review 
ZSF Field Studies 

FR.ELDIINARY DISPOSAL SITE IDlllTIFICAl'ION 

Selection Process 
Preliminary Sites 
Site Speci_fic F.l.eld Studies 

BEGINNING 'l'.HE SEARCH FOR DISPOSAL ZONES 
WITHIN THE ZSFS: SIZE .ESTD1Al'ES FROM 'n!£ 
NUMERICAL IREDGED MATERW. DISPOSAL MODEL 

Characteristics of Dredged Material 
lilmeriaa.l. Dredged Material Disposal Model 
Objective 
Approach 
Description of the Numerical Model, DIFID 
Required Input Data 
Test Conditions 
Test Results 
Preliminary Disposal Site Dimensions 

DEPOSITIONAL ANALYSIS/SEDDIENT CHARACTDUZATION 

Objective 
Background 
Depositional Analysis Technique 
Distribution in the ZSFs 
Saratoga Passage 
Port: Gardner 
Elliott &.y 
Commencement Bay 

vii 

II-4 
II-5 
II-5 
II-6 

II-8 

II-8 
II-8 
11-8 
II-9 
II-10 

ll-10 
II-10 
II-11 
II-U 
.u--11 
II-12 
II-12 
II-12 
II-12 

ll-J.8 

II-18 
II-20 
ll-ZO 

.H-28 

II-28 
II-29 
I.I-2') 
U-29 
II-29 
!I-31 
I I-32 
U-,32 
II-33 

II-48 

II-48 
II-48 
II-48 
II-SO 
l I-50 
II-51 
II-5l 
ll-52 



6. 

6.1 
6.2 
6.2. l 
6. 2.2 
6.2.3 
6.3 
6 . 3.1 

6.3.2 
6.4 
6. 4.1 
6. 4. 2. 
6.4.3 
6.4.4 

7. 

7.1 

7.2 
7. 2.1 
7.2.2 
7.2.3 
7.3 
7.4 

8. 

8.1 
8.2 
8.3 
8.4 
8. 4.1 
8.4.2 
8.4.3 
8.4. 4 
8.4.5 
8.5 
8.5.l; 
8 .5.2 
8.5.3 
8.5.4 
8 . 6 
8 ,6 . 1 
8.6.2 
S.6 .3 
8.6.4 
8.7 
8.7.1 
8.7.2 
B.7.3 

lJYDRAIJLIC CHARACTERISTICS 

Objective 
Methods 
Historical Field Oats 
University of Washi_agton Hydraulic Model 
Numerical Tidal Current 'Model 
Current Strength 
Interrelations Bet'li'een the Mean, 
Variance, and Peak C=ents 
Current Strength in the ZSFs 
Prevailiog Curren ts 
Saratoga Passage 
Port Gardner 
Elliott Bay 
Commencement Bay 

FAl'E OF DREDGED MA1'EB,liL 

Dredged Material Remaining Suspended 
in the Water Column 
Res us pension i.'robabili cy 
Low Current Regime - Inner Elliot Bay 
Intermediate Current Regime - Fourmile Rock 
High Cu=ent Regime - Dana Passage 
Determination of t'he Threshold Speed 
Dilution of Suspi:nded Mater;f.al 

BIOLOGICAL RESOURCES: BENTHIC .HABI'l:AT/ 
CHARACTER.IS TI CS MAPPED WITH CRAil, SHRIMP, 
AND BOTl'OH,FISH ASSESSMENTS 

Objective 
Back;grolllld 
Rationale 
Methods 
Dungeneas Crab Sampling 
Bottom.fish Sampling 
Shrimp Sampling 
Trawl Gear Efficiency 
Sample Sites 
Distributio.n of Crab in the ZSFe 
i.'oi:t Gardner 
Saratoga Passage 
Elliott Bay 
Col!lmencement Bay 
Distribution of Shrimp in the ZSFs 
Port Gardner 
Saratoga Passage 
Elli ott Bay 
Commencement Ila y 
Distribution of Bottom.fish in the ZSFs 
P·ort Gardner 
Saratoga Passage 
Elliott Bay 

viii 

Il- 74 

Il-74 
II-74 
II-74 
ll-75 
ll-76 
ll-78 
U-79 

II-80 
II-82 
II-82 
-1.I-83 
II-83 
ll-84 

11- 119 

Il-123 
11- 123 
Il-126 
II-126 
II-128 
II-129 

II-142 

Il-142 
II-142 
II-144 
II-144 
ll- 1-45 
II-145 
U -14.S 
II-14.5 
II-146 
II-146 
II-146 
II-148 
II·-148 
11-148 
11-149 
il-149 
II-150 
II-150 
11-151 
I I-J.51 
11-1.51 
II-152 
II-153 



8. 7. 4 

9. 

9.1 
9.2 
9.3 
9.3. l 
9.3.2 
9.4 
9.5 

10. 

10.1. 
10.2 
10.2.1 
10. 2. 2 
10.2.3 
10.2,4 
10.3 
10.4 

,10.4. 1 
10. 4. 2 
10.4. 3 
10 .5 

Commeacement Bay 

BIOI.OGICAL RESOURCES: BENTHIC HABITAT/ 
CHARACTER.ISTICS 1'.!A.PPID OSING THE BENTHIC 
RESOORCES ASSESSMENT TEO!NIQUE {BRAT) 

Objective 
Bacl<.ground 
Methods 
Beatbic Sampling and Processiag 
Fish Sampling and Processing 
0a ta Analysis 
Results 

SELECTION OF RECOMMENDED DISPOSAL SITES 

Obje-ctive 
Disposal Site Delineation 
Port Gardner 
Saratoga Passage 
.EJ.lfott Bay 
Commence111ent Bay 
Site Capacity 
Overlays of the Recommended Disposal Sites 
Wit:h Hydraulic, Sediment, and Biological 
<llaracteristics 
Port Gardner 
Elliott Bay 
Commencement Bay 
Conclusioas 

PART III REFDUNCES 

PART IV GLOSSARY 

PART V AllBRE'VIAT.lONS 

PART VI CONVERSION FACTORS 

LIS '.t OF l'REJ>AR:ERS 

EXHIBITS 
A. BIOLOGICAL CHARACTERISTICS AT EXISTING 

DISPOS,i\L SITES 
B. SELECTION AND aIARACTER.ISTICS OF ZONES OP 

SITING FEAs.lBILITY 
C. SUBMB!.GED OJLTURAL RESOURCES. ADDITIONAL 

INVESTIGATIONS 

-

11-154 

ll-176 

II-176 
ll-176 
II-178 
II-17-8 
II-179 
II-180 
II-180 

II-198 

ll-198 
il-198 
l:I-199 
II-199 
II- 199 
II-200 
II-201 
Il-202 

n-202 
n-202 
II-204 
ll-205 

Ili- 1 

IV-1 

v-1 

VI-1 

VII-1 

A- 1 

B-1 

C-1 



1.1-1 

I.1.-2 
1. 2-1 

1.2-2 

r.2-3 

II.1-1 

u.2-1 

II. 2-2 
II.4-1 
ll. 4-2 
II.4- 3 

rr.6-1 
I.I.7-1 

II.8-1 

Il.8-2 
11.8-3 

11.8-4 

II.9-1 

LIST OF TABLES 

PSDDA-DSWG Participating agencies 
and Organizations 

DSWG Meeting Dates 
Major Dredging Areas and Subareas 

1.ocated in Phase 1 Central 
Puget Sound 

Puget Sound Dredged Material Inventory 
for the Phase I Area 1970-1985 

Phase l Area 15 Year Projeccions of 
Total Dredging Volumes 

Selec1:io11 Factors for lll.spe.rsive 
Versus Non--disFersive Sites 

Specific Factors for Identification of 
Zones of Siting Feasibility 

PSDDA Disposal Site Location Coordinates 
Percentages of Sediment fyFes in Sediments 
Tabulation of Test Conditions 
Tabulation of Additional Required 

Model Input 
PSDDA Current Heter tats 
Prediction of Percent of Sediment 

Fractions and Total RemaJ.ning SuE1pension 
30 Minutes After Disposal. 

Historical Average Cat.ches of 
Dtmgeness Crab 

Historical. Average Catches of Shrimp 
l'.:l!tes and locations of Sampling for 

Crab, Shrimp, and Bottomfish 
Average Shrimp Catches Caught by 

Otter Trawl for PSDDA 
Distribution of Fish Stomach Content:s 

in the ZSFs 
II. 9-2 Description of Prey Size Feeding 

Strategy Groups 
II. 9-3 Composition of Prey Size Feeding 

II.9-4 
II.9-5 

Strategy Groups 
Fiah Feeding Efficiency st Four ZSFs 
Statistical Analysis of Potential 

11.abitat Food Value 
II.1O-1 location of the Preferred and Altero.ste 

Disposal Sites 
II.1O-2 A Comparison of Site Selection 

Factors l!etween Preferred and 
Alternate Disposal Sites 

X 

Page 

1-6 

I-8 
1-17 

I-18 

I-19 

Il-7 

II-9 

lI-15 
II-35 
11-36 
II-37 

ll-85 
II-132 

Il-J.43 

II-1 57 
n -1ss 

II-1 59 

II-186 

ll-187 

II- J.88 

II-189 
II- 190 

II-2O7 

I I-208 



I.1-1 

I.2-1 

II.2-l 

II.3-l 
ll.3-2 
II.3-3 
II.3-4 

II.3-5 

II.4-1 
II. 4-2 
II.4-3 

II.4-4 

II.4- Sa 

II.4- Sb 

.II.4-6 

.II.4-7a 

II.4- 7b 

II.4- 8 

11.5-1 
U . 5-2 
II.5-3 
ll. 5-4 
II..S-5 
II.5- 6 
ll . 5-7 
ll.5-8 
II.5-9 
TI. 5-10 
II.5-ll­
II.5- 12 
II.5- 13 
ll.5- 14 
II,5-15 
11.5-16 
II . 5-17 

LIST OF FIGURES 

PSDDA Phase I and II Study Area 

PSDDA Phase I Zones of Siting Feasibility 

Zones of Sitin;g Feasibility in Puget Sound, 
With Priority Classification 

A. North Region 
B, South Regi on 

TypicaJ. Disposal Site Paramaters 
Port Gat:dne11 ZSF With Existing Disposal Site 
Elliott Bay ZSFs With Existing DisposaJ. Site 
Coaimencement Bay ZSF With Existing-

Dis posaJ. Site 
Saratoga Passage ZSF 

Disposed Material Behavioral Phases 
Grid Used in PSDDA Dump Modeling Studies 
Deposition Patterns for Dump Model Runs 

ac 100 feet 
Deposition Patterns for Cl.imp Model Runs 

at 200 feet 
Deposition Patterns for 

at 400 feet 
Dump Model Runs 

Deposition Pa·tterns for 
at 400 feet 

Dump Model Runs 

Deposition Patterns for Dump Model Runs 
ac 600 feet 

Deposition Patterns for Dump Model Runs 
at 800 f-ee t 

Deposition Patterns for Dump Model •Runs 
at 800 feet 

Preliminary Disposal Site Dimensions 

Saratoga Passage Total Volatile S~llds 
Saratoga Passage Percent Water 
Saratoga Passage BOD 
Saratoga Passage Grsill Size 
Saratoga Paa·sage Percent Clay 
Port Gardner Total Volatile Solids 
Port Gardner Percent Water 
Port Gardner BOD 
Port Gardner Grain Size 
Port Gardner Percent Clay 
Elliott Bay Total Volatile Solids 
Elliott Bay Percent Water 
Elliott Bay BOD 
Elliott Bay Grain Size 
Elliott Bay Percent Clay 
Coaimencement Bay Total Volatile Solids 
Commencement Bay Percent Water 

ri 

Page 

l-9 

I-20 

II-16 
11-17 

II-23 
II-24 
n-2s 
II-26 

II-27 

II- 38 
11-39 
ll-40 

ll-41 

II-42 

IT-43 

.II-44 

II-45 

11- 46 

II-47 

II-5~ 
lI-55 
II-56 
II-57 
ll- 58 
I.I-59 
11-60 
ll- 61 
Il- 62 
.II-63 
n~64 
II-65 
ll- 66 
II-67 
II-68 
II- 69 
II-70 



U.5-18 
II.5-19 
lI.5-20 

II.6-1 

U.6-2 

ll.6-3 

IL.6-4 

11.6-5 

ll,6-6 

Il.6-7 

II.6-8 
II.6-9 

II.6-10 
11.6-ll 

Ir-.6-12 
II.6-13 
II.6-14 
II.6-15 
U.6-16 

.II.6-17 

II.6- 18 

II.6-19 

II. 6-20 

ll. 6-21 

lI.6-22 

Il.6- 23 

II .6-24 

II.6-25 

II.6-26 

Commencement Bay BOD 
Commencement Bay Grain Size 
Commencement Bay Percent Clay 

Locations o.f Saratoga Passage Curr,ent 
Meter Moorings 

locations of Port Gardner Current 
Meter Moorings 

Locations of Elliott Bay Current 
1'.eter Moorings 

Locations of Commencement Bay Curr,~t 
Meter Moori)l.gs 

locations of Seahurst Bay Current 
11eter Moorings 

Commencement Bay Current Meter VarJlance 
'Versus Distance 

Predicted Versus Observed Tidal Currents 
in the ZSFs 

Locations of Incercomparisons in F1,gure 6. 7 
Number of Current Meter Records llse,d 

in Correlations 
Mean Versus rms Speed in Puget Sour,d 
One Percent Speed Versus Mean Speed! 

and rms Speed 
Saratoga Pass·age Total Variance Contcours 
Port Gardner Total Variance Contow·s 
Elliott Bay Total Variance Concoun, 
Commencement Bay Total Variance Conltours 
Elliot·t Bay One Percent Current Spe,eds 

10 Meters Off the Bottom 
Saratoga Passage Pesk Speed Contou:c·s 

from llumerical Tidal Model 
Port Gardner Peak Speed Contours from 

l'rumerical Tidal Model 
Elliot1: Bay Peak Speed Concours fro,m 

Numerical ?!.<!al Hodel 
Commencemen t Bay Peak Speed Contour·s 

frocn Numerical Tidal !1oc:lel 
Elliott Bay Contours of Total Variance 

at the Surface, from· Hydraulic Model 
Commencement Bay Contours of Total Variance 

at the Surface, from Hydraulic Model 
Port Gardner Net Current Speed and Direction 

A. 0-60 Meters De_pth 
B. 60 Meters Depth to Bottom 

Elliott Bay Net Current Speed .md -01irection 
A. 0-60 Meters J:epth 
B. 60-120 Meters Depth 
C. 120 Meters Depth co Bottom 

Commencement Bay Net Current Speed 
and Di.rection 
A. 0-60 Meters Depth 
B. 60 Meters llepth to Bottom 

Saratoga Passage Vertical Profile of liet 
Current Speed 

xii 

lI-71 
II-72 
II-73 

11-86 

II-87 

11-88 

II-89 

U-90 

11-91. 

ll-92 

n-93 
.Il-94 

ll-95 
ll-96 

II-97 
n-98 
II-99 
II-100 
ll- 101 

rr-.102 

Il-103 

lI-104 

11-105 

Il-106 

II-107 

II-108 
Il-109 

.11-110 
lI- 111 
II-112 

ll-113 
II-114 
II-115 



II. 6-27 

ll.6-28 

IL6- 29 

II.7-l 

IL.7-2 

II.7-3 

ll.7- 4 

II.7-5 
II.7-6 
II.7-7 

II. 7-8 
II.7-9 

Port Gardner Estimated Patterns of .Prevailing 
Currents 

Elliott l!ay Fstimated Patterll8 of Prevailing 
Currents 

Commencement Bay Estimated Patterns of 
Prevailing Currents 

Mean and Standard Deviation of Light 
'I'r·ansmittance at Fourmlle Rock 

Contour Converted to Suspended Sediment 
Concent:ration 

Modeling Concept for Instantaneous Surface 
llele.ase of Dredged Sediments ·in Deep Water 

Relationship of UJnent Velocicy and its 
Potential to Move Sediments 

Location of IJ,!Rl' Studies in Elliott Bay 
PCB Contour Plots at Disposal Site 
Sedimentation Rates Determined from 

210Pb Values 
Dana Passage Disposal Site 
Tidal Curve Showing Dispoaal Tillies and 

Relative Turbidity 

Tra.,l Gear Efficiency for Crab in 
Port Gardner 

Trawl Gear .Efficiency for Shrimp 1.n 
Port Gardner 

Port Gardner Male Crab Distribution, 
Four Seasons 

Port Gardner Female Crab Distribution, 
Four Seasons 

I I-116 

II-1..17 

II-118 

11-13:3 

Il-134 

ll-135 

II-136 

11.-137 
li-138 
II-139 

11-140 
II- 141 

II-160 

II-161 

ll-162 

II-163 

ll,8-1 

II.8-2 

II.B-3 

II. 8-4 

II.8-5 
II.8-6 

Saratoga Passage Crab l>istribution, Tlio Seasons ll-164 
Elliott Bay Male Crab Distribution in I I-165 

II.8-7 
II.8-8 
lI.8-9 

II.8-10 
II.8-U 

II.8-12 

.!1.8-13 

II. 8-14 

ll. 8- 15 

June 1986 
Port Gardner Shrimp Distribution, Four Seasons 
Port Gardner Shrimp Density Versus Depth 
Saratoga Passage Shrimp Distribution, 

Two Seasons 
Elliott Bay Shrimp Distribution, Three Seasons 
Commencement Bay Shrimp Distribution, 

Three Seasons 
Saratoga Passage Bot:tomfish Abundance 

and Biomass for SuD1Der 
Elliott llay Bottomfish Abundance for 

Summer and Autumn 
Elliott Bay Bottomfish Biomass for 

Summer and Autumn 
Commencement Bay Bottomfish Abundance 

for Summer and Autumn 
II.8-16 Commencement Bay BOttomfish Biomass 

for Summer and Autumn 

11.9-1 
II.9-2 

Major Steps of BRAT 
Final Steps in Dete1"1lliniog Potential 

Trophic Support 

rl.il 

II-166 
ll-167 
II-168 

II-169 
II-170 

II-171 

II-172 

11-173 

11-174 

11-,175 

II-191 
II-192 



U.9-J 
II.9-4 

II.9-5 

li.9-6 

II.9-7 

II.10-1 
11.10-2 
II . 10-3 
11,10-4 
II . 10-4b 
II .10-5 
II.10-6 

II. 10-7 

rr. 10-a 

II,10- 9 

I.I. 10-10 

rr.10-11 

II.10-12 

II.10-13 

II.10-1.4 

II.10-15 

rr.10-16 

1!.10•17 

n.10-1a 

II.10-19 

11.10-20 

Il.10-21 

II.10-22 

ll, 10-23 

II.10-24 

Ve,:tical Pro£iles of Biomass Within the ZSFs 
Sa1:a•toga Passag-e llenthic Biomass l?otentially 

Available co Predators 
Port Gardner Jlenthi.c Biomass Potentially 

Available to Predators 
EJ.liott Bay Benthic Biomass Potential.ly 

Avail able to Predators 
Commencement Bay Benthic Biomass Potentially 

Available to Predators 

Typical Dis-posal Site Paramete-rs 
Port Gardner Recommended Disposal Sites 
Saratoga Passage Alternative Disposal Site 
Elliott Bay Recomended Disposal Sites 
W i ott Bay Adjusted Recommended Site 
Commencement .Bay Recommended Disposal Sites 
Port Gardner Total Variance With Rec-ommended 

Disposal Sites 
Port Gardner Peak Tidal Currents With 

Recommended Disposal Sites 
Port Gardner General Circulation Patterns 

With Re-commended Disposal Sites 
Port Gardner Total Volatile Solids With 

Recommended Disposal Sites 
Port Gardner BOD Wit:h Recommended Disposal 

Si t es 
Port Gardner Percent Water With Recommend.ed 

Disposal Sites 
Port Gardne r Grain Size With Recommended 

DiaPQS~ Si t ea 
Port Gardner Percent Clay With Recommended 

Disposal Sites 
Port Gardner Total Crab Disttibution With 

Recommended Disposal Sites 
Port Gardner Shrimp Distribution With 

Recommended Disposal Sites 
Port Gardner Benthi c Biomass Potentially 

Avail able to Predators With Recommended 
Disposal Sites 

Elliott Bay Total Variance With R~commendea 
Disposal Sites 

Elliott Bay Contours of 1% Peak Speeds 10 
Meters from Bottom With Recommended 
Disposal Sices 

Elliott Bay Peak Ti dal Currents With 
Recommended DisposaJ. Sites 

Elliott Bay To t al Var:!,ance Contours at Surface 
With Recommended Disposal. Sites 

Elliott Bay General Circulation Psttern•s With 
Recommended Disposal Sites 

Elliott Bay Total Volatile Solids Wit:h 
Disposal $ices 

Elliott Bay JlOD With Recommended Disposal 
Sites 

.Elliott Ba,y Percent Water With Recommended 
Disposal Si tes 

xiv 

II-193 
II-194 

II-.195 

n - 196 

.II- I97 

Il-209 
II-210 
ll-211 
II-212a 
II-212b 
II-213 
I I-214 

II-215 

II-216 

II-217 

II- 218 

II-219 

II-220 

II-221 

II- 222 

II-223 

II-224 

11-225 

II-226 

lI-227 

I I -228 

IL- 229 

II- 230 

II-231 

U - 232 



II.10-2.5 

II. l,0-26 

II.l0-27 

II.10-28 

ll.10-29 

II..l:0-30 

II.10- 31 

II.10-.32 

II.10-33 

11.10-34 

ll. 10- 35 

II. 10-36 

ll.10-.37 

II.10-38 

U.10-39 

ll.10-40 

U.10-4J. 

B-1 
B-2 

B-3 

B- 4 

B-5 

Elliot·t Bay Ctain I/1th Recommended Disposal 
Sites 

Elliott Bay Percent Clay With Recommended 
))isposal Sites 

J;J.J.iott Bay Crab Distribution 111th 
Recommended Disposal Sites 

lUliott Bay Shrimp Distribution 1/it:h 
Recommended Disposal Sites 

Elliott Bay Benthic Biomass Potentially 
Available to Predators With Recommended 
Disposal Sites 

Collllllencement Bay Total Variance With 
Recollll!lended Disposal Sltes 

Commencelllent Bay Peak Speed from Numerical 
Model With Recommended Disposal 
Sites 

Commencement Bay Total. Variance Contours 
at Surface With Recommended Disposal 
Sites 

CoQllDencement Bay General Circulation Patterns 
With Recommended Disposal Sites 

Commencement Bay Total Volatile Solids Wi·th 
Recommended Disposal S1t:es 

Commencem.ent Bay BOD With Recommended 
Disposal Sites 

Commencement Bay Percent Water With 
Recommended Disposal Sites 

Commencement Bay Crain Size Wit:h Recommended 
Disposal Sites 

Collll!lencement Bay Percent Clay 1/ith 
Recommednded Disposal Sites 

Commencement Bay Total Crab Distribution II.1th 
Recommended Sites 

Commencement l!ay Shrimp Distribution \.lit:h 
.llecommended Disposal Sites 

Commencement 11ay Benthic Biomass Potentia.1..1,y 
Available to Predators With Recommended 
Disposal Sites 

Geographic Features of l'\Jget Sound 
Overlay Map of Political Boundaries, 
Shoreline Master Plans, Shoreline· 
Parks, and Tribal Fisheries 

A. l'forth Region 
B, Sou th Region 

Overlay Map of Navigation l;,.nes, Areas of 
High_ Density Traffic, and Utilities 

A, North Region 
B. South Region 

Overlay Map of Shipwrecks, Underwater 
Parks, SCUBA Sites, and Artificial Reefs 

A. N'orth Region 
B, South Region 

Overlay Map of Point Pollution Sow:;ces, .L:>ng 
Term Mani taring Stations, and Sal t>latei- tntakes 

11-233 

II-234 

li-235 

Il-236 

II-2.37 

.I!-238 

Il-240 

U-241 

II-242 

II-243 

Il:-244 

11.-245 

II-.246 

IJ-247 

Il-248 

n-249 

B-8 

B-9 
B-10 

B-11 
B-12 

B-13 
B-14 



A. North Region B-15 
B. South Region B-16 

B-6 Overlay Map of Dredging Transportation Costs 
A. Everett B-17 
B. Duwamish Waterways B- 18 
C. Commencement Bay Waterways B-19 

B-7 Overlay Map of Groundfish Critical Habitats, 
Non-groundfisb Critical Habitats, and Bald 
Eagle Nest Sites 

A. North Region B-20 
B. South Region B-21 

B-8 Overlay Map of Shellfish Habitats amd 
Aquaculture Sites 

A. North Region B-22 
B. South Region B-23 

B-9 Overlay Map of Pin Fish Harvesting Areas 
A. North Region B-24 
B. South Region B-25 

B-10 Overlay Map of Vegetated Shallows/Wetlands 
A. North "Region B- 26 
B. South Region B-27 

B-1-l Overlay Map of current Meter Stations, Net 
Surface Currents, and Net Near Bott:om Currents 

A. North Region B- 28 
B. South Region B-29 

B-12 Overlay Map of Bathymetry 
A. North Region 11-30 
B. South Region B-31 

B-13 0-,erlay Map of Surface Sediments 
A. North R.e-gion B-32 
B. South Region B-33 

xvi 



PART I. .INTRODUCTION 

J.. STUDY GOALS, DESCRIPTION, AND ORGANIZATION 

This technical_ appendix addresses the identificati on of 
disposal s~tes for unconfined, open-water disposal of dredged 
material :1.n central l'uget Sound (Fig. t.1-1) as specified 
pursuant to the Clean Water Act and related author ities. lbe 
site sel ection process for the Phase I area (central Puget Sot.md) 
of t he Puget Sound Dredged Disposal_ Analysis (PSDDA) is 
presented. A review and synthesis of studies conducted, 
information gathered, and analysis performed during the disposal 
s ice selection -process are prov,ided • 

Since che 197O's relatively high concentrations of chemical 
oontaminants !Lave been found in some s e diments of a number of 
bays in Puget Sound. These contaminants have also been 
i ,dentified in fish, shellfish, and other organisms. While 
researah is continu:l,ng about the ways in which expos·ure to 
cont8Jllinaced sediments affects marioe 1i£e or hutn..n health, 
recent field studies have noted some adverse biological effects 
in areas of high sediment contsmioation. 

Dredging is necessary to keep shipping channels and harbors 
open, to construct new ports, and sometimes to clean up 
contaminated material. Consequently, dredging J.n Puget Soond is 
an ongoing necessity end has been colDl!lonplace for many years. 

Five basic di s-posal options are available. These include 
unconfined open-water, unconfined nearshore/upland, confined 
aquat:dc disposal, QOn.fined nesr<,hore, and con.fined upland a r eas. 
The three Qonfined options result from the need to address 
sediment contaminatioh levels tha t are unacceptable for 
unconfined or conventional disposal. See the Evaluation 
Procedures Technical Appendix (EP'l'A) for a detlliled discussion of 
disposal. options. Open-water s i tes are located offshore 1n deep­
water aress. lincon£1µed open-wacer di sposal occurs through free 
faJJ. of released material to the bott om with no subsequent 
handling. Confined aqu.atic disposal involves follow-up capping 
With material suitable for unconfined open-water disposal. Near­
shore disposal sites are ty-picslly d i ked aquatic areas, but the 
final surface of the site 1s usually above the waterline. Upland 
disposal sites are areas cr eated on land entirely above the 
ws terline, and are ofteII dilced. PSDD.!, is addressing unconfined 
open-water disp,osal in detail (siti.ng, dredged material 
ev,aJ.uation procedtlres, and site management), bu t is addr essing 
all other disposal opti ons in a generic manne'r (mos·tly evaluation 
procedures, no sites, little management/permitting). 

Cost effective evaluaa:ion, disposal , a nd management of 
dredged material is essential to the economic i na:erests of the 
Puget So1.md region wh.itth serves as a major deep wate,: pCJr t for 
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the nation. More than 200 small boat harbo1cs meet. the needs 0£ 
commercial fishing vessels and pleasure craJ:t _in the Puget Sound 
region. Periodic dredging is necessary in coost of t.hese harbors 
as well as in the major ports. For uncontanrlnated dredged 
materia.1, disposal at uncon.H,ned, opan-water sites has been the 
l east costly alternative. As upland and inte.rt:idal areas become 
more difficul t to secure, the demand for thJs type of disposal 
will io=ease. 

Ll Pugec: Sound Dredged Disposal. Analysis 

The Puget Sound Dredged Disposal Analysris ( PSDDA) is an 
interagency s tudy which involves the U.S, Al:'tlly Corps of Engineers 
(Corps) as lead agency, supported by the u. s:. Environmental 
Protection Agency (EPA) and the Washington t~partments of Natural 
Resources (DNR) and Ecology (Ecology). The goal of PSDDA is to 
provide. the basis for publicly acceptable guidelines governing 
environment.aJ.iy safe unconfined, open-water disposal of dredged 
material, and to provide Puget Sound-wide consistency and 
predictability. The objectives of PSDDA are as follows: 

o Iden_tify acceptable unconfined, ·open-war.er disposal 
sites., 

o Define acceptable evaluation procedures for dredged 
material. to be discharged at those sites. 

o llevelop site use management plans. 

Three work groups have been formed to address these 
objectives wit.h each group staffed by the four agencies 
conducting PSDDA: Army Corps of .Engineers ( Corps ) ; U. S. 
Environm~tal Protectio11 Agency (EPA); Washiqgton State 
Departments of &ol ogy (Ecology); and tfatural Resources (DNR) 
serving on each work group. Many others inc,luding represenu.­
tives from Puget Sound ports, environmental groups, Indian 
tribes, dredging industry, local governmel!f!l:, and other state and 
Federal agencies are also ~articipating in work group activities. 
The work gr-0ups under the general guida11ce o·f the PSDDA Study 
Director, have conducted a number of technical studies. Each 
work group produced a technical appendix which summarizes these 
studies . These work groups include: 

o Disposal. Site Work Group (DSWG) 

o Evaluation Procedures Work Group (EP\,G) 

o Man_agel!ie.nt Plan Work Group (MP\IC) 
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DSWG was assigned the responsibility for ,selecting 
unconfined, open- water disposal sites in cencral Puget Sound. 
DSWG produced the Disposal Site Selection Technical Appendix 
(DSSTA) which addresses the identi:l;i'cation of disposal sites for 
unconfined _,_ open-water disposal of dredged material in central 
Puget Sound, as specified pursuant to the Clean Water Act and 
related author ities. 

:EP.'G was assigned the responsibility for developing a 
decision-mald.ng framework and technical specifications for 
assessing the quality of dredged ma terJ.al and dellnea ting 
materials which are suitable for unconfined, open-.,ater disposal. 
EIWG produced the Evaluation Procedures Teclutl<:al Appendix ( EPTA) 
which addresses t:he development of evaluation procedures (testing 
and disposal guidelines) for determining wben d'teqged material Is 
suitable for unconfined, open-water disposal pursuant to the 
Clean Water Act . 

MPWG was assigned the responsibility for developing che 
management jilan for each of the unconfined, open-water disposal 
sites, Ml'WG produced the Management Plans Technical Appendix 
(MPTA) which addresses the management of sites 1:0 be used -for 
unconfined, open-water disposal of dredged materi,µ in central 
Puget Sound, pursuant to i.mplemencatioo of the Clean Water Act 
and related authorities, 

In addition to PSDDA there are other ongoing programs in 
Puget Sotmd. In particular, the work conducted by PSDDA required 
detailed coordination with the Puget Sotmd Estuary Program (PSEP) 
and the Puget Sound Water Quality Authority (PSWQA). -In fact , 
PSDDA was essentially ca.lied for originally in the first scope 
( initiative) of PSEP, and 1s considered to be a separate 
component of the overall estuary program. '!he charter of the 
PSWQA also includes dredging issues. The Authority's December 
1986 Comprehensive pl.an is being developed in close coordlnation 
w1 th l'SDDA. 

The work of PSDDA is divided into two phases that differ 
geographically and temporarily. Phase I of the study began in 
April, J.985 and covers a smaller geographic area t:nan Pqa~e II 
(~ig. I .1-1), The Phase I stu<ly area includes Puget Sound (ram 
~erett sout:h to Tacoma, and Po~t Susan north of Everett. The 
focus of this Technical Appendix is Phase I of the PSDDA study, 
but public scoping meetings have been held hy PSDDA !n the Pll-a;;e 
II communities of Olympia, Port Townsend, and Bellingham. These 
meetings were held to ensure that in the Ehfis-e II ar,:a the p11bU.c 
would have an opportunity to influence the Phase I pi,ocess. 

Phase n of the PSDDA study overlaps t:he Pha·se l -area and 
includes Puget Sound northward to the Canadian border and 
southern Puget Sound. The Phase II study began in 1986 and will 
end one year later than Phase 1, 

Ute regulatory context of th·e PSDDA study is Section 404 of 
the Clean Water Act of 1977 ( Public Law 92- 500), wlti<:h 
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establisnes a Federal permit system for the disposal o.f dredge 
and £ill material, and Section 401, wh:ich r,~quires a water 
quality certification from the state prior Ito issuance of a 
Federal pe.rm:1.t. The Coastal Zone Hanagemen1: Act (Public Iaw 92-
.583) requires ch21c Federal and non-'Fede:ral projects in a 
part:icul·ar state be consistent to the maximum extent practicable 
with the state's coastal zone 111anagement program, The appeaJ. 
process differs becween Federal and non-Fedural projects not in 
compliance. In addition, Section 10 of the 1899 Rivers and 
llarbors Act aiso applies to disposal activii:ies in navigahle 
waters. A more detailed description of the requirements relevant 
to disposal of dredged materials 1s preseµtE!d in Part II.l o.f- the 
Evaluation Procedures Technical Appendix. 

1.2 Disposal Site ijorK Group (DSWG) 

The goal of the Disposal Site \fork Grou,p was to develoe and 
implement site selection criteria for choosi.ng uncon.fined, open­
-water disposal sites tnat are environmentally acceptable, 
practicable, Md economically .feasible. The site selection 
process has identified sites tnat are acceptable for dredged 
material ln full compliance with 404(0).(1) guidelines. The 
OSWG's cnarter also includes developing guid.!':Unes for site use 
and establishing pa,ameters for the environm,ental baseline and 
subsequent monitorl,ng studies. 

1.3 Management of the Disposal Site Work Group 

1 . 3.l Participants and Coordination of Work-

Four agencies are the principal participants in DSWG. The 
lead and chair agency is the U.S. Army Corps of Engineers 
(Corps), The U. S. F.nvironmental Protection ,Agency (EPA) and tne 
Washington State Departments of Natural Reso-ur ces (DNR) and 
Ecology (&:ology) a..e supporting agencies . .Representatives of 
'these agencies meet as necessary to coordinate the work. In 
addition to the four primary agencies; India1n tribes, port, city, 
county, other state and Federal agencies, an,d other interests 
were also involved in the activies of the DSl•G (Table I.1-1). 

For all meetings ( Table I,1-2), minutes were recorded that 
summarized the conclusions of the work group discussion. 
Meetings were frequent enough to enable many discussions of the 
relevant issues. The uJ.timate r:esolution of the issues appears 
in this technical appendix. 

Another function of the DSWG meetings was general monitoring 
of the work as it: proceeded, This monitorinit included contt:act 
oversight and review of technical documents Bubmitted by t.he 
various agencies and coQtractors. 
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1.3.2 Public Involvement--

The public was also involved in the DSWG decision-making 
process through a series of meetings held at a number of 
locations. These meetings were publicized through news media 
coverage, informational brochures, newsletters, and by 
encouraging involvement of various organizations. 



TABLE 1.1-1 PSDDA-DSWG PARTICI PATING AGEUc:rns 6 ORGANIZATIONS. 

o State of Washington 

Department of Fisheries (WDF) 
Department of Game (WDG) 
Department of Social and Health Servici,s (DSHS) 
Puget Sound Water Quality Authority (PSWQA ) 
University of Washington School of Fisberies 

o Federal 

National Oceanic and Atmos·pheric Admin.1.stration (NOAA) 
U.S . Fish and Wildlife Service (OSfl-1S) 
U.S. Co~st Guard (USCG) 

o l.Qcal Governments/ Agenc:ies/Port Distric:ts 

Mason County 
Thurston County 
J:sland County 
Jefferson County 
Kitsap County 
Snohomish County 
King County 
Pierce Coun·ty 
City of Everett 
City of Seattle 
City of Tacoma 
Municipality of Metropolitan Seattle (ME'mO) 
Puget SoUQd Council of Governments ( PSC.OG) 
Port of Bellingham 
Port of Everett 
Port of Seattle 
Port of Port Townsend 
Port of Tacoma 
Port of Anacortes 
Part of Edmonds 
Port of Olympia 
Port of Port Angeles 
Port of Skagit County 
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o Indian Tribes 

Muckel shoot 
Puyallup 
Tulalip 
Suquamish 

o Environmental Groups/Orsanizations 

Puget Sound Alliance 
League of Women Voters 
Greenpeace 
Washington Environmental Council 
Friends of the Earth 

o Private Cf tizen 

Bonnie Orme 

o Other 

Tetra Tech, Inc. 
Cooper and Associates (Cooper) 
Evans-Hamilton, Inc. (EHI) 
Shapiro and Assoc.iates (Shapiro) 
Envirosphere, a division of Ebaaco, Inc. 
Institute of Marine Studies, University of Washington 
Washington Association of General Contractors 
Washington Association of Cities 
Washington Public Port Association 
Battelle Meoiorial Institute (Battelle) 
Magnolia Bluff Homeowners Association 
Northwest Indian Fisheries Commission 
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TABLE I.1-2 MEETING DATES OF THE DISPOSAL SITE WORKING GROUP 
( DSWG) . 

Meeting No. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21-
22 
23 
24 
25 
26 
27 
28 
29 
30 

Date 

4 April 1985 
9 April 1985 

18 Apr·U 1985 
30 Apr-il 1985 

7 Mlay 1985 
28 M'1y 1985 

4 June 1985 
18 June 1985 

2 July 1985 
16 July 1985 
31 July 1985 
15 Aug 1985 
10 Sept 1985 
26 Sept 1985 
15 Oct 1985 
12 Nov 1985 

3 Dec 1985 
18 & 19 Dec 1985 
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14 J.an 1986 
18 F,eb 1986 
18 M.ar 1986 
22 Apr 1986 
3 Jwne 1986 

. 17 Ju.ly 1986 
2.3 July 1986 
28 July 1-986 
26 Aug 1986 
15 Seipt 1986 

2 Oct 1986 
22 Jan 1987 
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2. DISPOSAL SilE SE.LE.CT.ION BACKCliOOND 

2.1 Definition of Dredged Material 

The scope of the PSDDA study is limited to the disposal of 
d.redged material. Upland construction material., waste, and 
debris are not considered. !n open water areas, dredged material 
is defined a s sedime.nt and bottom material,; that are. removed 
during dredging operations (e,g . , clay, silt, sand, and r ocks). 
The definition of dredged material 1s more complex when dredging 
opera t ions t>acur along tt:ie shorelJ.ne. The reader sbould comrult 
the Evaluation Procedures Techni cal Appendi~ for a disaussion of 
dredging along the shoreline. This discuss ion includes material 
classed as excavation material which is not considered for 
disi'OSal in marine waters. Historically in Puget Sound , some of 
dus excavation material has been i nformally considered as 
dredged material, and will continue to be itocluded as dredged 
material only if there would be an ecologic,al. benefi1: at the 
<lisposal. site. 

2.2 Exist:.i.ng Unconfined, Open \later Disposal Si tes in the 
Phase I Area 

Currently; there are deep l/llter d.ispos;1l sites in Poet 
Gardner, Elliott Bay, and Commencement Bay. '.The chemical 
cbaracteriscics of i:.hese sites ate summarizf!d in Appendix C of 
the EIS. S1:udies of biological chsractet:isl:ics at existing s i tes 
are summarized in El.:hibic A. Each of these sites e.ither 
overlaps, or i .s very near one of the dispo$,l.l sites evaiuated as 
part of PSDDA (see Figure 1. 2-1 aod Figs . u:,3-2 through ll.3-5). 
The procedure,; utilized co select t hese exi.iting si ces are 
discussed in this section. 

The DNR bas used guidelines for sel.ectlng and managing the 
existing open-water disposal sites (WAC 332-·30-166). Thes,:, 
guidelines are fairly general and contain the follo11iog key 
points: 

o Open water sites sltall be used al.mo,it exclusively for 
material obtained from marine or fre,sh waters. 

o The material must meet the approval of Federal and state 
agencies. 

o I.n selectiQg disposal aceas, conside:ration must be given 
for the sites' oatural characteristtcs, probable dispersa! 
patterns, substrate type, pro~imiry co dredge sites, and 
living resources (including aquacult:ure). 

o Special consideration must be given ro discharges by 
pipeline. 
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o The departme.nc may require 1nveatigations of biological 
and physical systellls, and may perform subtidal surveys. 

The existing open-water disposal sites were selecced, 
revie\led, and operated by ONR in conjunction vn·th 1che Inter-­
Agency Open-Water Di sposal Committee. This committee consisted 
of representatives from the DNR, Corps, National Marine Fisheries 
Service, EPA, U.S. Fish and Wildlife Service, and Washington 
State Departments of Game, P.!.sheries, and F.aology. Site 
selection by the committee followed the guidelines described 
above. The establishment of open-water disposal sites is subject 
to DNR obtaining a shoreline master use permit _from the city or 
county having jurisdiction over the area. 

PursW!llt to the requirements of the Shorelines Management 
Act <sMA) of 1971 [Revised Code of Washington 90.58], cities and 
counties with shorelines· on Puget Sound nave develope.d Shoreline 
Master Programs (SMPs) and corresponding land use permitting 
processes, includ~g regulation of uses on Stace-owned submerged 
lands. Very general guidelines have been established for open­
water disposal sites [WAC 173- 16- 060{16)] . 

land use permits issued by counties and cities fall in ta one 
of the follO'l'ing categories: Substantial Development Permit; 
Conditional Use Pendtr or Variance Uiie Permit. Coml.itional Use 
and Variance Use permits require approval by the Washington 
DeparC!Qeut of F.cology. 

Shoreline Ma.seer Programs gen.erally divide the shoreline 
area 1nto segments of d.1.fierent environmental classifications .in 
which permissible and prohibited land use activities are def.J.ned 
(e.g . ,, Urban Residential, Conservancy, etc.) . I n addition to the 
land use permit requirements of the SMA, DNR must also fulfi l l 
the requirements of the State Environmental Pol.icy Act (SEPA) 
when applying for a site pendt for open-water disposal. The 
Environmental Impact Statement (EIS) requirements for SEPA are 
an'l.logous to those of the Na tioaal Environmental Pol icy Act 
(NEPA). 

In slllmnary, the DNR' s pe.ndt application requirements f,or an 
open-,;rater d.is~osal site are: 

o Shoreline Substantial Development Pel"Jllit 

o Conditional Use Permit (where needed ) 

o Environmental Checklist 

o Preparation of an EIS, if euviro~ental impacts are 
eiq,ectea to be significant. 
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2 . 3 Reevaluation of Uncon£1ned, Openc-Water Sites 

As descri bed above, the .stat:e guidelinias are very general 
and while adeq ua·t"e in toe past they may not be e.f£ec ti ve today 
for deter~ing if a given di sposal. s.i ee is environtnental1y and 
publicly acceptabl e , given the increase in :lnfor matcion available 
to make the decisions . No field studies we1:e conducted t o 
determine the existing sites ' biological. and/or physical 
characteri stics. Bowever, the best available published 
information and the best judgement of site i:electi on commi tree 
member s had been used to select sites. Elxii:ting site use became 
a concern because of recent conflicts in obt:aining s horeline 
pert11it:s from several jorfsdiotions. and because new information 
has be oo111e ava11Able, wh:lch allows more infc,r ined siting 
decisions. 

Disposal. decisions previous l y bad been made on the basis of 
water qnal.ity criteria. Tests used in chec k:ing for im~cts on 
water quality gave no indication of impacts on the benth,os and 
other resources from contaminancs in dredged mater i al. No other 
standards were available to inter pret this data. 

I n response to increasiog qoncerns r egard ing potential 
environmental and human health impacts as-aociated with open water 
diaposal of contaminated dredged material, the EPA and Washington 
Iepartment of Ecology At the re<Juest of the Cit:y of Seattle and 
DNR, fol:lllulated dis.posal criteria for the open-water di,jposal 
sit e in Elliott Bay (Follrmile Rock). These were interim sediment 
criter;l.a. intended for use only 1.1Dtil regional guidelines were 
developed. 

The Seattle Department of Construction snd land Use (DCLU) 
awarded a shoreline permit to the DNR for co:n tinued use of the 
Fourmile Rock open-water di sposal site. The Notice of Decision 
for t he permit includes speci al t e.rms and crn,ndi t!ons: an ana.lysis 
of the decision ..in term,, of technical backgr,ound, and S£PA; and 
interim disposal gnidel.in1!$ developed by Washington Depar tment of 
Ecol ogy and the EPA (see EPTA for further di:scussiol\). 

2 . 3.l Need for Unconfined Open-Water Disposal Sit:es-

2.3. Ll Dredging in t he Phase I Area 

Phase I of !>SODA focuses on dr edging acti vi t.l.es in the 
central ares of Puget Sound, i ncluding maintunance l\svigation 
dredg i ng and dredging for new port facilitiei:, During 19.70-l985 
approximately sevent:een million cubic yards we-r.e disposed in open 
watf!r in the Phase l ares. Ther e are a nllllillur of Federal naviga­
tion p-rojec;,ts in the Phase I area of Puget Sound that will 
.require main t enance dredging by the Cor ps. j [ t is expected. that 
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the previous l5-year total volume will be exceeded in the next 1~ 
years, based on ~nformacion for currently planned projects. 

All of these ptojects have used and ~pect to continue to 
use unconfined, o pen-.,acer di.sposal. Most ~'redging acciv:l.ty is 
nighly dependent on the availability of nearby disposal sites 
because of economic considerations. Alternative disposal sites 
are generally not available without considerable increases in 
maintenance costs (e.g. , upland sites), Di~posal. at conf-lned in­
lil>lte.r or upland sites, while dependent on the speci.fic project, 
is estimated to cost from three to ten times more pet cubic yard 
than preaent open-water disposal. These cost dif:ferences a.f:fecc 
the feasibility of many dredging projects. See EPTA for a full 
discussion of cost implications of PSDDA requirements- on testing 
and mo,utoring, and for a discussion and analysis of environmen­
tal alte.rnai;:i.ves and cost implications to dredging end open-water 
disposal . 

2.3.l.2 Oredging Areas 

PSDDA has identified three major dredging areas centered 
around Everett, Seattle, and l'acoma. '.l'he largest quantities of 
dredged 11)11.terial is generated in these areas, with an addl tlonal 
area of significant dredging activity near Bremerton. The 
remainder of the dredging projects in central Puget Soundara 
s poradic in nature and generally conBist: of leaser quanti Ues. 
Tables I.2-1 through I.2-3 identify major areas lihere dredged 
material is generated and indicate the total volumes of meterial 
deposited at the ex:l,sting sites, volumes disposed in the period 
1970-1985 , and the 15 year projection of material to be dredged 
1n each area. 

Dredging activities in central Puget Sound have been 
reviewed and summari2ed in the Puget Sound Dredged Material. 
Inventory System (.Fnvirosphere, 1986). The Dredged Ma terial 
Inventory was developed from Corps permit. appl1cet.10!'s, EPA 
summary Yecords, and other sources. Its purpose is to inventory 
the sources of dredged material and to characterize these dredged 
seiiiments "1th regard to location, volume, c.hemical composition , 
end kno!<D biological effects. The computerized database has been 
used to .summarize historic and current dredging aotlv-1,ties, and 
to project: the -volume and nature of sediments that may be dredgecl 
in the £u ture. 

2.3.1.3 Ristocic Dredging 

Dredging operations in Puget Sound involve removal and 
disposal of large volumes of maceri-al, From the Dredged Material 
Inventory it nas been estimated that a total of 16,850,000 cubic 
yards was dredged during the 15--year period from 1970 to 1985 
(Table I.2-1) . Approximately 40 percent of this total was 
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deposited at unc:onfilted open-water disposal sites. Thus, an. 
average of about 462,000 cabic yards of dxedged sediment was 
deposited into Puget Sound each yeai, durin-g this period. The 
remainder of dredged material was depo·sited' ac nearshore or 
upland disposal s i tes, However, nearshore /3nd upland sites have 
become scarce in recent: years, and the use c,f unconfined, open­
water disposal sites has increased. WhereaJJ 24 percent of the 
material dredged by the Corps during the 19;10' s went to open.­
water sites, over 50 percent of the materiall dredged in the 
1980' s has beet1 seat to open-water sites. IU though Federal 
project use of open-water disposal sites vai~ies considerably by 
site, Corps maintenance dredging and disposal activities have 
accounted for about 40 percent of the total volume of dredged 
material placed in Puget Sound through 1983 ( PSDOA Phase I sites 
only; Table I.2-2). 

2. 3. 1.4 Dredging forecasc;i 

The .Dredged Materi;u Invencory database: has been used in 
conjunction with ;tnformation on currently planned projects to 
project the total volum.e of sedimenc to be dlredge.d 1n the Phase I 
area during the 15-year period from 1985 to 2000. A fifteen year 
planning horizon was used as it encompasses all known major. 
navigation projects and is the maximum forec:asting period that 
PSDDA felt could be establisb.ed with. reasona,ble cercainty. Th~ 
PSDDA disposal si~l!ll can aeeomodate dredged material well beyond 
the planning horizon as "111 be sh.own in Seo;tion lI.10,3. The 
projected total vo],ume to be dredged is 22 ,6,97 ,000 cubic, yards, a 
volll!lie 14 percent higher than the total dred:ged during the 
previous 15-year period. 0£ this total, mos,t of t:be projected 
dredging activities will occur in four sr-eas,: Snohomish R,iver; 
lake Washington; Duwamish River; and Blair Waterway i n 
Commencement Bay (Table I.2-3). ~iuch of thi.s dredging wil.l be 
done by the Corps for naviga tion channel maintenance, ·and most of 
these projects nave hiscor-ically used open-waller disposal sites. 
Permit applications also indicate that there will be a great 
demand for open-water disposal sites for other projects. Without 
the availability of the relatively less expensive open-water 
sites, some of these projects may not be economically feasible. 

2.3,2 Concerns with Existing Sites--

Concerns were raised about usi11g t he existing disposal sites 
for a variety 0£ reasons.· The City of Seattle Department of 
Construction and Land Use required that an EIS be pre-pared to 
renew the shoreline permit at Fourmile Rock. Thei:e was also 
substantial public concern about this site being so close to a 
residential area and l ts proximity to a beach. In Pore Cardne·r , 
concerns were raised about the lack of knowledge of biological 
resources and the possible impacts dredged macerial disposal 
might have on these resources. 
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2.3.3 Site Selection Philosophy-

hisciag DNR disposal sites were considE!red in the disposal. 
site se.lec tlon process if chey !!let certain si'te selection 
factors . ~l cooperating agencies in PSDDA. agreed early on that 
no special a pr iori considerati on woUld be given to the en.sting 
sites because of hlJ.0!8n use conflicts and environmental concern·s 
lilith past dredging and disposal protocols. An objective_ site 
seleccioo process was used to minimize environmental .and human 
usage conflicts as much as poss ible; existing sites adequatel y 
meeting the site salecdon factors and const1;aints were given 
equal consideration with other potential sites. 

i . 3 . 4 :E:%iscing Information-

]:arlier studies concerning the movement of dredged material. 
mounds were made in Elliott Bav. One occu1;1;ed in innel:' Elliott 
Bay under the dredged material.· research program {DMR.P) and the 
othe1; in che Fourmile Rock dia.poaal site (Schell et al., 1976) . 
'Ihese studies span a range of current speeds and provide the 
basis for the determination of the threshold speed for the move­
ment of dredged matel:'ial.. 

The llHRP site in inner .Elliott Bay was monitored for 
approximately four years after disposal in 1976, and was selected 
for long-term monitoring under the Dredging Operations Te<!hnical 
Support (DOTS) Program (Derter et al., 1984; Tatem, 1984). The 
studies were intended to determine 1£ thee disposal material 
remained at the disposal site. 

The ll!R!' scudies (Tatem, 1984; Sweeney, 1978; Tatem and 
Johnson, 1978) examined various environmental samples taken 
before, during _, and nine months after t he disposal oper atio11 of 
February-March 1976. Batnymetric surveys were also made by the 
Corps to construct bottom contour maps of tlie i nner Elliott l)ay 
disposs.l area which indicated little or no change in the dis~osal 
area between 1976 and J.979. 

Cutteots were measured to determine whether the currents 
were sufficiently strong to transport the sediment. It was 
observed t'hat the sediment was generally cohesive and difficuJ.t 
to move. The data indicated that the currents were weak, 1noved 
primarily in .response to tidal fluctuations , and apparently did 
not move much of the sediment; therefore, the area couJ.d be 
characterized as depositional rather than erosional. It is 
poss!bl1> that some silt and clay could have been 19uspended or 
resuspended fQr s small pe1;centage of the time; howevar, bottom 
photographs were very clear, indicating little resuspension of 
sediment particles. 
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An accidental spill of PCB occurred in the Duwamish Rive,; in 
September 1974 an.d-settled in bot t om sediments. The contaminated 
sediments were removed during February and March, .1976 using 
special dredging techniques des:1,gn.ed to 111:!.a.im:l.ze release of the 
material to the water. Some of the cont:am~nated material was 
placed at the experimental test site, which coincidentally falls 
within the inner Elliott Bay ZSF, The PCB ,.as used as a tracer 
of the sediment allowing documentation of tlhe location and move­
ment of me dredged material. 

A comparison of data from the ll1RP stu11y on PCB levels 1n 
the upper 10 centimeters of sediment at the center of the 
d:l.sposal grid with data from the DOTS study indicated chat no 
major changes in overall_ PCB levels occurred through 1980. In 
general, the PCB analyses supported the results of the sediment 
texture analyses and indicated that the dredged material mound 
had not changed since the U-1.R.P studies. 

During September 1974, a core was retrj'.eved from the Four­
mile Rock disposal site (Schell et al., 1976). A visual examina­
tion of this core indicated depletion of fine particles in the 
upper layers. The core was sectioned and ds1ted by 1.ead-210 
(210Pb) dating techniques and then analyzed for trace metals. 
Trace metal concentrations versus depth 1n t:he core and 210Pb 
values were used to determine the sedimentation rate, 

Foic determination of sedimentation rate:s, the cores were 
diVided :into sections, and the 210Pb ac tivit:y in each section was 
determined by alphaspectroscopy. Schell et al. (1976) suggested 
that the finer material, containing most of the 210Pb, was 
carried away by bottom currents as indicated. in the first section 
of the curve. They cited the trace metal p.r·ofiles pr,esented ;tn 
Figure II. 7-7, as further evidence of the ero,sion, 
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TABLE I. 2-1 MAJOR DREDGING AREAS AND SUBAREAS IDCATED 
IN THE PHASE I CENTRAL PUGET SOUND REGION, 

location 

Port Gardner 

Elliott Bay 

Commencement Bay 

I-17 

Major Dredging Areas 

East Waterway 
Lower Snohomish 
Upper Snohomish 

Lower Duwamisb 
Upper Duwamisb 
Duwamisb Turning Basin 
Lakes: Kenmore/Sam. R. 
Lakes: Lake Washington 
Lakes: Lake Union 
Lakes: lake Wash. Canal 
Sinclair Inlet 
Eagle Harbor 

Hylebos Waterway 
Blair Waterway 
Sitcum Waterway 



TABLES I.2-2 PUGET SOUND DREDGED MATERIAL .INVENTORY FOR THE 
PHASE I AREA (SEATTLE, TACOMA, EVERETT) 1970-
1985. ALL VOLUMES ARE EXPRESSED IN CUBIC YARDS. 

A. Totals 

Total volume dre<!ged 16,,850,000 cubic yards 

Tota1 volume disposed at 6 ,, 758,000 cubic yards 
unconfined open-water sites 

Total volume disposed at: 
Port Gardner 692,000 cubic:: yards 
Elliott Bay 4,,598 ,000 cubic yards 
Commencement Bay 782,000 cubic yards 

Corps of F.ngineers l:1ort Oilier 
Projects Prc,jects Projects 

B. Project Type 

Total volw1u! 
dredged 
(cubic yards) 5,775,000 4,635,000 6,480,000 

Total volume 
disposed to 
open water 
(cubic yards) 2,167,000 1,389,000 3,202,000 

To ta1 volume 
disposed upland 
or nearshore 
(cubic yards) 3,588,000 3,246,000 3,257,000 

C. Disposa1 ~!ethod 

Disposal Methods for Cor•ps of Engineers Projects 
1970-1979 1980-1985 

Water 
Upiand/Nearshore 

Volume 

818,214 
2,544,766 

Percent 

I- 18 

24 
76 

Volume Percent 

1,027,227 
887,274 

54 
46 



TABLE I.2-3 PHASE I AR.EA 15-YEAR PROJECTIONS (1985-2000) 
OF TOTAL DREDGING VOllJMES 

Location Dredging Area 

Port Gardner East Wat:enray 
and Vicinity Lower Snohomish 

Opper Snohomish 
All other areas 

Subtotal 

Elliott Bay Lower Dowamish 
and Vicinity Upper Duwamish 

DuwBlllish Turning Basin 
lakes: Kenmore/Sam. R. 
Lakes: Lake Washingt.on 
lakes: lake Union 

Project Volume 
(cubic yards) 

3,552,0001 
2,321,000 
2,175,000 

195,000 

8,243,000 

4,812,0002 
2,021,000 

612,000 
114,000 

1,368,000 
5,000 

lakes: Lake Wash. Canal 80 ,000 
Sinclair Inlet 200,000 
Eagle Harbor ll5,000 
All other areas 1,198,000 

Subtotal 10,525,000 

Commencement Bay Hylebos Waterway 216,000 
and Vicinity Blair Wat:erway 2,936,0003 

Sitcum Waten,ay 56,000 
All other areas 166,000 

Subtotal 3,929,000 

Total 22,697 , 000 

Reference: Projections made by U.S. Army Corps - Seatt:le 
District, 
presented in the PSDDA cost analysis, 

1/Includes U.S. Navy homeport project. 
2/Includes IA.twaadsh widening and deepening project, 
3/Includes Blai r/Sitcum navigation improvement: project. 
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PART II. IDENTIFICATION OF UNCONFINED OPEN-WATER DISPOSAL SITES 

1. OVERVIEW OF DISPOSAL SITE SELECI'ION. EROCESS 

The site selection process used, by PSDDA utilized existing 
information in co~bination with field studies to i dentify 
preferred and alternative disposal sites . The approach used is 
s~ilar to that described in the EPA and Co-cps workbook entided 
"General Appi:-oach to Dasi:gnation Studies £or Ocaan Dredged 
Mate.rial Disposal Sites'" (EPA/Corps, 1984). Steps of che siu, 
aeleccion process were as follows: 

(1) Define general siting pnilosophy. This step addresses 
disposal philosophy (i.e. , whether sites should be 
dispersive or nondis-persive), general siting locations 
(i.e., oaean, strait, or sound), and 1:he n~ber of 
dis.posa1 sites. 

(2) Il!entify selection £actors to delineate Zones of Siting 
Feasibility (ZSFs) . '!his step uses existing 
information on biological resources and human use 
activities to identify general areas where disposal 
sites might be appropriately located. 

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

(4) Identify preliminary sites within the ZSPs . 
1nformation .from the ZSF studies is used to identify 
~reliminary iocations for disposal sites ;;!thin the 
ZSFs. 

(5) Conduct field studies on the sites . Field and model 
studies are nondunted to obtain needed physical and 
biological information for the preliminary sites. 
'Ihese studies are referred to as "si Ce-specific 
studies". 

(6) Identify preferred sites . Information from the site­
specific studies is used t o iden tify preferred and 
al,terna ti ve sites. 

Existing DNR disposal sites were considered in the disposal 
site selection process if they met certa:!.n site selection 
factors. All cooperating agencies in PSDDA agreed early oa that 
no special a priori considerati on would be given to the existing 
sites, because of human use conflicts and environmental concerns 
with past dredging and di sposal protocols. An objective site 
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selection process was used to minimize enrlronmencal and human 
usage conflicts as muc;h as possible, and existing sites 
adequately meet!ng the site selection factors and constraJnts 
were gjven equa.1 consideration with other plJ tential sites. 

1.1 Disposal Philosophy 

Farly in the site selection process di:,cussions arose 
concerning ~e mer.its of dispersive versus 1Jon dispersive sites. 
The initial consensus was to consider all t,;rpes of sites, 
including river deltas. The :factors in Table II.1-l were ranked 
accord1ng to their importance in selecting clispersive/ non­
dispersive sites, l'hey were ranked high concern ( +) , medium 
concern (x), or low concern(-). 

It was soon determined that unconfined open-water disposal 
sites in the Phase I area should be relativ,ily nondispersive 
rather than disP.8rsive in natu,:e. Placing clredged material in 
nondispersive sites gives site managers the ability to maintain 
.:ontrol and a ccountability over sit,; condit:i.ons . This is 
particularly important when chemical contamj'.nants may be present 
in the dredged material and it is necessary to min.lJnize the 
exposure of important resources. 

Monitoring of the stability of a dredge:d material depos1t 
is import!lll~, lf material is contained within a stable, mounded 
deposit tben the contaminants are. not readily available to the 
environment beyond the margins of the dispoe1al site. One of the 
cost important concepts of disposal manageme:ot is the 
classification of disposal sl tes as containn1ent (non~iapersi ve ) 
or dispersive sites . Th.is classification is then reflected in 
the overall management of the site. I£ if :1,s concluded that the 
dredged material will generally stay within the boundaries of a 
disposal site then monitoring of disposal im.pacts and capping 
(if required for remedial action) is possible. However, if the 
site is a dispersive site tben point dumping or other techniques 
to limit the spread of material are not warranted and monitoring 
of impacts is much more difficu1t simply because of a much lai:ger 
zone of potential impact. For these reasons the general policy 
for designation of disposal sites has been to find areas where 
discharged dredged material lid.ll be relatively stable. 

The. general philosophy that PSDDA chos11 fol" the l>hsse I site 
selection was: 

o Disposal. of dredged material should avoid unacceptable 
adverse resource impacts . 

o Only materiaJ. sai·table for 1.1nconfined disposal sh.ould be 
allowed at the sites. 

o Sites should be loc~ted in a relatively non-dispersive 
envirolll!lent. 
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o When site use is discontinued, evenrual recovery to 
ambient conditions should occur. 

o Site should ~ave.no unacceptable adverse impacts on 
foodfish, shellfi sh, and marine mammal s . 

o Hinimize interference on human uses. (Shipping lanes 
and a nchorages may have Coast Guard restrictions) . 

o Full. compliance wit.h 404(b)( l) guidelines . 

l'he ability to monitor disposal site operations, to modify 
disposal practices, a nd to conduce any necessary site remedial 
actions, are all advantages of the nondispersive siting 
pl)ilosophy. If dispersive sites are funct1-0ning correctly, 
monitoring and assessment of impacts is extremely difficult. It 
is erpected chat any unacceptable adverse impacts can be 
identified and controlled and, therefore, that public acceptance 
will be greater, with nondispersive rather than dispersive si~ing. 

1.1.1 Assumptions--

Assumptions made by DSl,-C in selecting areas suitable for 
disposal sites are discussed later in tbis Appendix. However, 
they a.re listed bere for conciseness. The major assuc,ptions. were: 

(1) Dredged materi al will be dumped froc, bottom dump barges. 

(2) The dredged material will be suitable for unconfined 
open-warer disposal. 

(3) lt is preferable that 1:he dredged material generally 
remain within the chosen disposal site, i.e., a non­
dispersive site is preferred over a dispersive s~te. 

(4) An area was considered relatively non'"<l.ispersive if the 
peak l X current speed was less than 25 centimeters per 
second and if the sediments had small grain size; and 
statistically elevated {i .e., greater than 1.96 SND*) 
volat.ile solids, biochemical oxygen demand, and water 
content for values collected for that depth. 

(5) These assump·tions were applied only when biological 
resource va.lues were generally low. 

*SND • Standard Normal Deviate 
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1.1.2 Objectives-

The specific objeatives of the DSWG in the. Phase l area were 
to select disposal areaa reasonably accessible to major urban 
areas where there is subs.tantial dredging activities. 

i.2 General Siting I.o~acions 

General are.as available for: UI\Con.fined, open-water disposal 
include the Pacific Ocean, the Strait of Juan de Puca, and Puget 
Sound. Discussion of each area follows. 

l.2.i Ocean Disposal-

While disposal of dredged material witb:l.n the waters inside 
the baseline from libic:h the territorial sea is measured is 
governed by the Clean Water Act and Seat.ion •~04{b)<I) guideiines, 
disposal beyond the baseline, in the opeQ oc,?an, 1!i regulated by 
guidelines d;,veloped under the Marine Protec1cion, Resea-rch an!! 
Sanctuaries· ,'let (Public law 92-532, as amend,!d >· The ocean 
du111ping regul ations require appl:1:cstion of s 1pecifified criteria 
to evaluate dredged material aod the use of :formally designated 
disposal sites. At the present ti.me, there are no designated 
ocean disposal sites in the Pacific Ocean we,;t of Cape FlatterJ•. 

The costs associated i,i th barge cranspo,~t of dredged 
material to the ocean are extremely hign. F,;timated unit costs 
of barge transport per cubic yard ($/c . y.) to potential ocean 
disposal sites 10 or 50 oautical miles off C.:ipe Flattery (the 
Cape is approximately 124 nautical miles fron, Elliott Bay) range 
as follows: Port Gardner: $31.55-S41 .55/c,)'·; Elliott Bay: 
$33.05-$43.05/c.y._; and Commencement llay: S38.25--g48.25/c.y. 
(EPTA, J.987). These costs are in addition tc, dredging cos~s. 

Prior to any disposal, permitting and EJ[S procedures similar 
in nature to PSDDA would be required for aitE, designation_ and 
use. Additionally, dredged material evaluatton procedures for 
ocean disposal are similar to those which arE, being developed by 
PSDDA. Therefore, it is highly unlikely tha1: disposal of greater 
quantities or dredged material at unconfioed ,, open-water disposal 
sites would be considered acceptable; and en~•ironments.1 benefits 
or savings to offset transportation costs would not be r ealized. 
Additionally, non<Uspersive sites could likely not be found, 
necessitating use of dispersive sites. 

Another: problem wi ch conducting disposal. operations in the 
open ocean environment results from high w1,nd.s/waves and storm 
activity, which occur during the fall, winter, and ear.ly spring 
seasons. 
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Therefore, ocean disposal. is a method ·chat is not currently 
avallabla ·within a cost_ effactive dis tan ca from :Port Gardner, 
Elliott Bay, and Commencement Bay. This me.1:hod is therefore not 
cons idered to be a reasonabl e option because of decreasd safety, 
increased coses and no offsetting environmeni:al benefits. EPTA, 
Part II, Section 10.4 contains an additional discussion and cost 
analysis for the ocean disposal method . 

1.2.2 Disposal in the Strair: of Juan de 11uca-

Though disposal of itredged material in the Strait of Juan. de 
Fuca is reg\llsted under Section 404 of the Clean Water Ace, the 
concerns for this option are similar to the ocean disposal 
option. Dredged material evaluation procedures would be similar, 
asewning a nondispersive site could be found. Additionally, 
disposal in this area, especially if located ~ djacent to the 
U.S. -Cauadian bor der, may require added coordina·t1on With the 
Canadian authorities. 

The trj!Jlsport costs for this option are also very high. 
Estimated unit costs (S/c.y.) of barge transport from the Phase I 
areas to a bigh potential disposal site at the mouth of Cape 
Flattery within the Strait of Juan de .fuca are: Port Gardner: 
$29,30; Elliott Bay: $30.80; and Commencement Bay: $36. 30. And 
frequent winter storms would cause disposal operations to be more 
hazardous t1lan the more sbel tered areas of Puget Sound. 

There£or e, disposal in the Strait is a method that is not 
current:1,y available within a cost ef.fective distance from Port 
Cacdner, Elliott Bay and Collll!lenoemenc Bay, and is not aop:sidei;ed 
to be a reasonable option because of decreased safety and lack of 
offsetting environmental. benefits.· EPTA, Part I.I, -section 10.4 
contains an additional. discussion and cost ana1ys1s .for the 
Straits disposal me t hod . 

l,2.3 Puget Sound-

The remaining potential open-water disposal sites =e 
l.ocated within the PSDDA Phase 1 and Il s·tudy ar eas . The gep:eral 
similarity of physical and biological conditions in the various 
parts of J>oget Sound argues against the need to transport Centta] 
Puget Sound (Phase 1 area) dredged material . to e1 ther the 
northern or southern portions- of the Sound (Phase II areas ) . 
There is no discernible gain. in C!IlVironlliental benef:lts that will 
offset increased costs. 

lherefore, only dredging and open-water disposal sites 
within the confines of the PSDDA Phase I area are addressed in 
detail. PSDOA will id.ent.ify additional disposal sites as a 
separate study for the Phase II area. 
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1.3 ~'umber of Sites 

To determine the number of s i tes needed, 1;he maj or areas of 
dredging were identified for the Phase I area. Review of 
dredging r e cords compil ed for PSDDA ( see EPTA for de1:ailed 
dredgi ng information) indicates 1:hat the la:rges1; quantities of 
dredged material are generated in the Everett, Seattle, and 
Taco.ma areas, Dredging projects throughout the remainder of 
General Puget Sound are less freque.nt and a•~erate substantially 
less volume of material. These three ma j or are,;s ,;re located at 
approximately equal distances from each oth,1rr on a north-south 
line. Mdi tionally, each area contains low-energy environment s 
which would likely provide nondispersive si'tes. 

PSDDA considered one or 0<0, three, a.n(i four or more 
regional disposal sites for the Phase l area. The one or two 
disposal sites option, although affecting li,ss total bottom 
;;creage, would have -significant economic re1percussions for the 
particular major dredging area ( s) operating without a nearby 
disposal s i te. Though no cost difference 1muld be incurred by 
those Port facilities closest to the disposal sitce, greater costs 
woul d be incurred by others. 

Toe four or more disposal sites option is also considered 
undesirable, IJ.ttle economic benefit would be realized by 
designating sites .outside the major dredging areas, and site 
management responsibilities and costs would be increased. 
Mdicional aTeal spread of sediments would 1:esult in added 
environmental effects , 

Historically, dredged material disposaJ. has occurred at the 
three major urban embayments within_ Central Puget Sound, This 
precedent, in combination with the reasons ilescribed above, led 
PSDDA to decide that three ai tes should be found £or Phase I, one 
for each major dre9ging area. 
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TABLE II.1-1 SELECTION FACTORS AND THEIR RANKING FOR DISPERSIVE 
AND NON DISPERSIVE SITES. 

Factors 

Navigation Lanes 

Biological Resources 
(food & shellfish) 

Monitoring Compliance 

Economic Haul 

Remedial 

Aesthetics 

Other Use 
(cable crossings, anchorages) 

Sediment fype 

Current Velocity 

Wave & Current Direc~ion 

Pollutant Loading 

Water QuaJ.ity 

Bathytnet:ry 

Dispersive Non Dispersive 

+ + 

+ + 

X 

+ 

+ 

? 

+ 

+ 

+ 

X 

(Aquatic habitat) 

+ 

X 

" 
.x or + 

+ 
(Fish & Trawl areas) 

+ 

+ 

+ 

+ 

X 

+ 

Source: Minutes of DSWG Meeting humber 1, dated 4 April 1985 . 
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2. ZONe:l OF srrrno FEASIBILITY (ZSFs) IN PHASE I AR.EA 

2.1 ldentilication of the ZSFs 

Zones of Siting Feasibility (ZSF) are t chose areas l'hich may 
have the potential to accomodate open--...ater disposal activitiell 
based on existing information. 1a general, ZSFs are areas whicli 
have the least conflict with the siting factcors of concern. The 
process utilized to identify ZSFs involved f 'our 'discrete steps: 

Step )._. Define general ZSF selection factors, 

Step 2, Define and map specific ZSF selection factors. 

Step 3. Apply constraints to the identified ZSFs. 

Step 4. Prioritize ZSFs for purposes of field studies. 

These steps are further described below, and are addressed io 
detail i n Section n.3 of this Appendix. 

2.1.l General ZSF Selection Factors-

Three general ZSF selection factots wer,e identified early in 
the PSDDA study, It was determined that ZSFs should, to the. 
maximum extent possible: 

o Avoid high energy areas that would d,ispetse dredgecl 
material significantly beyond the di,sposal site area . 

a Avoid unacceptable adverse impacts o,o foodfish, 
shellfish, marine mal!llllals, and marin,e bi.rds . 

o Minim.ize :Lntetference w1 th huma!l use;s to the lowest 
practicable level. 

2.1. 2 Specific ZSF Selection Factots--

The three general ZSF selection factors were further defined 
by nineteen specific selection £actors . Masi: of tnese fa'ctors 
ate iderttified in Federal and State regulati<>ns relating to 
dredged material. disposal sites located in ,oater. The s-pecific 
factors were mapped and overlayed to display areas wtlere siting 
mig'ht occur with a minimum of conflict (Tabl" II. 2. l). See 
Exhibit B for a detailed description of site selection fac tors 
and maps. These factors are: 
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TAB!.£ U. 2-1. SPECIFIC FACTORS FOR. IDENT!FICATION 0 F ZONES OF SITING FEASIBILITY 

l. Naviga t1 on act.i vi ties 
2. Recreational uses 
3. Cultural sites 
4. Aquaculture facilities 
5. Utilities 
6. Scientific study areas 7. Point pollution sources 8. Water intakes 
9 . Shoreline land use designations 10. Political boundaries 

11. I.ocatioo of dredging areas 12. Beneficial uses of dredged material 13. Fish/ shellfiab. h.arvest areas 14. threatened and endangered species 15. Fish/ shelliisb. habitat 
16 . Wetlands, mudflats and vegetated shallows 17. Be th)ll!le try 
18. Sediment characceristics 19. Water currents 

2 .1.3 Apply Conscra.inte to Identtiied ZSFe-

.Addi tionaJ.ly, the following cons train ts were imposed on ZSF boundaries by PS DDA: 

First, the ZSF should be located a minimum water surface distance of 2,500 feet from adjacent shorelines to provide a buffer from noise and adverse environmental effects to the shore. 

Second, the ZSFs should be buffered by a minimum distance of 2,500 feet as measured along the water surface from vulnerable biological resources. 

Third, the ZSFs should be located in water depths _greater than 120 feet. Water depths of less than 120 feet are generally more biologically productive and of major importance to many of Puget Sound's important co111Dterclal fish and she.ll~ish species. 

And fourth, the ZSl's should be located in water depths of l ess than 600 fee t, llased on model results, water depths greater than 600 feet could result in substantially more dispersion of the dredged mater i al during descent ·through the water column. 
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It is important to llQte that the selecltio11 factors and 
constraints were not considered or .applied as inviolate 
standards. This is primarily because they were being used w1 ch 
existing and available information. As ,stu<lies gathered new 
iniormation about the ZSFs, adjustments t:o boundaries, and later 
to site locations, were made as necessary. 

2.l.4 PrioritiMtion of ZSFs for Purposes of Field Studies--

ZSFs were further divided into priority 1 and 2 rankings 
ba.sed on their proximity to major dredging areas (Figs. II. 2-1 
a1'b). The rankings served to ident:ify areas, that would receive 
first consideration for studies to loca·te pc,tential sites. If 
acceptable sites could not be found, priority 2 ZSFs would be 
considered. Priority 1 ZSFs are less than t:en naut:ical miles and 
prio,ity 2 ZSFs -are greater than ten nauticai miles from major 
dredging areas, -wb:l.ch reflects a CQnsideratj_on of economic 
factors, 

2.2 Description of the ZSFs 

The l'riority 1 ZSFs identified from thi,s process are located 
in Port Gardner, inner Ellioct: Bay I outer Elliott Bay, and 
Commencement Bay (Fig. ll.2-1). 'lbe limiced informacion 
available for the Port Gardner ZSF suggested the need co identify 
a backup ZSF, pending information to be gatltered from field 
studies. Therefore, a Priority 2 ZSF in Sar·a toga .Passage was 
also included for detailed studies. Priority 2 ZSFs other than 
Saratoga Passage we.re not studied in decail since field st11dies 
of the priority 1 ZSFs showed them to be acceptable. The ZSFs 
,rre described below. 

After all of the field studies the final preferred and 
alternative sites were chosen. These sites are shown on many 
figures as a coovenie.nce to the reader, so that the final sites 
can be seen i,ith the data. Table II.2-2 gives t:hese disposal 
aite loca Uon coordinates- for each ZSF. 

2.2.l Saratoga Passage ZSF-

The Saratoga Passage Priority 2 ZSF was located immediately 
south of the mouth of Hol mes lfarbor. Factor1s determining the 
boundaries of this ZSP were vessel traffic, ,shellfish 
populations, and finfish hsrve.sting to the n,ortheast; finfish 
harvesting to the southeast; cabl e routes anid crab populacioos to 
the southwest; artd ground fish habitats in th,e. northwest. 
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2.2. 2 Port Gardner ZSF-

The Port Gardner ZSF was selected using the constraints of 
water depth (i.e., deeper than 120 feet and shallower ch;;n 600 
feet) and providing a 2,500-fooc buffer zone adjacent to the 
shore. Limited data existed which indicated that important fish 
and shellfish (notably llungeness crab) resources might exist in 
all or portions of the ZSF. Given the paucity of data, PSD.DA 
decided to conduct field studies of the ZSF to determine the 
seasonally dependent spatial distribution of these resources as a 
positive chec,k on potential resource conflicts. In the event: 
serious conflic•ts were found to exisc, then ch.e Sara toga Passage 
ZSF could be utilized as an alternstive site. The existing Port 
Gardner disposal site was only partially located within the ZSF 
and half of the site was outside the ZSF within the 2,500-fooc 
buffer. 

2.2.3 Elliott llay ZSFs-

The northern ZSF in Elliott Bay is located off Fourmile Rock 
and is shaped roughly like a football. l'he southwest boundary of 
the fooc'ball was constrained by tugboat routes and cable 
crossings, while the inshore boundary was deter111i:ned by the 
120-foot depth l~itation and an anchorage area. The western 
corner of the ZSP encompassed the existing DNR disposal site 
known as Fo=ile Rock. 

The inner Elliott llay ZSF is located north of the mouth of 
the .Duwamish River . The boundaries of the inner Elliott .Bay ZSF 
were determined by fer:ry crossings on the north, anchorage areas 
and navigation lanes to the south and east. 

2.2. 4 Commencement Bay ZSF-

Boundary delineations for the Commencement Bay ZSF were 
largely determined by the water depth criteria (beti,een 120 feec 
and 600 feet) and the 2500 foot shoreline buffer. Biological 
resource conillc ta were minimal 'Within the ZSF boundary. The 
existing DNR. disposal site is located within the priority 1 ZSF. 
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2.3 Litera·ture Review 

2.3.1 Bibliography--

Parallel to ·the preparation of the overlays, an intellSi'Ve 
literature searcll was made to compile the 1.ctformation that. was 
used to construct the maps. Due to the larg;e number of 
citations, fhey have not been in~uded in thtis technical 
appendix; however, t hey can be found in the reports ea titled , 
"Bibliography and Maps Pertinent to the Sele,ction of Open Water 
Dredge_ OispoaaJ. Sites ill the Greater Puget S:ound Region" (Evans­
lfamilt:on, Inc., 1985), and Evana-llam:l,lton, 1:nc., (1988), "The 
Location, Identification and Evaluation of .P'otential Submerged 
Cultural Resources at Three Puget Sound Dredged Disposal Are.as" 
which are on file at the Corps Seattl e District library. The 
lLterature survey resulted .in a b i bliography of references to 
existing maps containing information relevant to the selection Qf 
ZSFs. The &l!Ographic area cover.ed included Puget S-ound, the. 
Strait of Juan de Puca east of Port Ange1es, and the Strafe of: 
Georgia south of the Canadian border. 

2.3, 2 Environmental Studies Revie,r-

As part of the evalua·cion process a review of erlsti.ng 
information ~as und~r!:Aken which helped to characterize these 
zones. This review consisted of an evaluation of published 
literature as well as unpublished data. 'l'he effort was initiated 
and guided by, discussions nth i ndividuals representing city, 
state anq Federal agencies, academic institutions, and private 
consulting organizations known t o have experti se in Puget Sound 
history, biology, chemistry, and physical oc,eanography. 

The bibliographic entries were surveyed for infor=tion 
concerning the ZSFs . Screening of these sou:rces was aided by 
discussions nth many individuals. They sug:gested other 
published sources, as t1ell as un published daic:a and draft r eports, 
whicll lli.1.ght be appl,icable to the ZSFs. A su1nmary of the review 
findings is given by Cooper Consul tan ts (19815) . In addition, 
Exhibit C describes investigations of signi£Lcant historical 
properties. 

2. 4 ZSF Field Stud.l,es 

lhough i nitial. oveflay mapping identifi,id locations of. ZSFs, 
this lll8pping and literature review revealed JleVer.al key 
informa'tion gaps for these areas. In order 1:0 defi ne 
i:,haracteristics of potential disposal ·sites Hi thin those ZSFs-, 
PSOOA unclei:took a series of field studi es, i ricluding side scan 
sonar, chemical an~ biological studies, 

Data collection .activities were focused on those_ areas 
where informatibn waa lacking. Review of thE! mapping, da t a and 
priorit:y l ZSF selectioo indicates that litt.l.e or no conflict 
with human, sho~eline and shallow water uses and values would 
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occur. Ho1<ever, the same l'eview highlighted che lack of pbys'l:ccaJ 
an.cl biological data for all of the priority 1 ZSFs. Therefore, 
studies focusea on two critical issues: 

First, what is the depositional/erosional (nondispersive/ 
disperstve) nature of 11,reiis wi.c.hin each ZSF? Can acceptable 
nondis persi_ve sices be identified? 

And second, what is the vaJ:11e of the priority l ZSFs to 
biological resources of concern (i.e., crab, bottomfisb and 
shrimp). l"be focus was placed on species ;ihich 1i0old be in 
direct cootact with the dredged material on the sea floor. 

(1) Survey of Bottom Conditions. A submersible r emote 
operaUonaJ. vehicle, nained 'MANTA, collected physicaJ. 
bottom data with a aidescan sonar, and attempted to 
obtain data on biological resources through use of a 
video camera and 35 mi.Llimeter stereo stilJ. cameras. 
Ihis survey unfortunately was undertaken immediately 
following a large storm event in November of 1985. 
,Turbidity in all deep Centr.al Puget Sound water at: this 
time was e:ctemely high. Still p'hotographs and video 
efforts were of little use. However, the sidescan 
sonar effectively characterized bottom contours and 
identified larger features on the bottom. 

(2) &!mote Ecological Monitoring of the SeafJ.oor (R.El-lOTS) 
Survey. The RD!OTS devfoe allows sediment pro:f1le 
imagery of photographs of the upper 20 centimeters (7 . 9 
inches) of the seafloor bottom sediments. Vanveen 
grab samples were collected and archived for potential 
gi;ound trutltiag of the REMOTS observations. Computer 
i11>aging analysis of IUMOTS photographs provlded 
infor11>ation on physical and biological (infaunal 
benthos) characteristics. The RD10TS survey described 
benthlc habitat boundaries and identified general areas 
that were depositional in nature. 

(3) Depositional Analysis of the Sediments. The objective 
of the depositional .analysis was co locate areas within 
the ZSF where sediments tend to deposit rather than 
erode. Previous work by Word et al. (1984a) indicated 
that sediments within Puget Sound tend to accumulate 
where existing sediments meet the following four 
conditions when compared to sediments at similar 
depths: (1) small grain size; (2) statistically 
elevated volatile solids; (3) statistically elevated 
water content; and (4) statistically e.levated 
biochemical oxygen demand. Over 200 stations were 
occupied to collect sediment samples for this 
technique. Study results were used to identify areas 
that were motrt non-dispersive within each ZSF, and 
Sect.ton II.5 of this Appendix describes the methods and 
r~sults of thls study for each ZSF. 

II-13 



( 4) Current Velocity Studies. Curren,t s ttengths at eac.h 
ZSP wer e determined by a combinati.on of: (1) review of 
historical f ield data (including current meter work 
<mdertaken by PSDDA and the Navy i n Port Gardner), (2) 
predicted current velocities from a mathematical model, 
(3) predicted current velocities from a physical 
hydraulic model, and (4) current meter moorings placed 
by PSDDA at the existing disposal sites i n Elliott Bay 
and Pott Gardn er. 

Based on these analyses, predicted cur:rent velocities were 
identified and mapped. Results indicate th.at all of the priority 
l ZSFs and the Saratoga Passage priority 2 :~SF are in relatively 
low current velocity areas. Material depos:lted at sites in these 
ZSFs is not expected to significantly move •iffsi•te. 
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TABLE II. 2-2 PSDDA DISPOSAL SITE LOCATION COORDINATES 

PHASE I 

Location 

Saratoga Passage 

Port Gardner 

Elliott Bay 

Collllllencemen t Bay 

JANUARY 1987 

Pref erred 
latitude Longitude 

None 

47°N 58.86' 122"w 16.67' 

47°N 36.03' 122"1,1 21.34' 

41'N 18.22' 122°1,1 27 .84' 

lI-15 

Alternate 
latitude Longitude 

48°N 5.43' 122°1,1 27.35' 

47°N 58. 2·6· 12t' W 15. 55' 

47°N 37 . 09' 12i'w 24.85' 

47°N 18.72' 122" 1,1 27.95' 
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3. PRELIMINARY DISPOSAL Sil'E IDENTIFICATION 

Using information obtained via ZSF iden(tif-icat1on and field 
studies, preLiminary disposal site location!; within the ZSF were 
identified. Two factors w~e emphasized in loca ting the disposal 
sites: Cl) a low~bundan0e of commercially important animals 
Ci.a., sn,,µ1 numbers oli crab, sl:lrimp, and bc1ttomfish); and ( Z) 
the pYesence of a relatively nondispersive 2u-ea Ci .e., sediment 
and cur1:ent characteristics indicating chat sediments would stay 
at the disposal site). 

3.1 Selection Process 

To eva1uate the prime criteria a selection process was 
W1dertaken in the three seeps outlined below·. 

(1) Size of the Disposal Site. The size. of the .d1sposa1 
site was related to the bottom phy·sical impact that 
would result from YeJ)t!a·ted dumps within an 180.0 foot 
diameter disposal zone. The impact area was evaluted 
using a numerlcal model and field data. Using Puget 
Sound data, Ch<c Corps Waterways Experiment Station :in 
Vicksburg, Mississippi, performed a simulation study 
depicting dredged material disposal in an unconfined 
open water envirorunent. The model simulated the 
passage of dredged material through the water colulllll 
for varying water depths, current S-peeds, and sediment 
types to predict the behavior of material during future 
disposal operstlons. The simulated conditions were 
representative of those in Puget Sound - sedimen t types 
that are routinely dredged and disposed of were 
simulated; depths ranged from 100-800 feet; and tida l 
currents ranged from z~ro to two knots (3.38 feet per 
second). See Figure 11.3-1 for typical. site parameters. 

(2 ) Biological Resources. The biological resources within 
each ZSF were mapped usipg a numbe·r of approaches. I n 
the fall of 198S sn attempt was made to photograph the 
bottom sedilllents in foUY of the ZSFs (not Commencement 
Bay) using a towed video system ca.lled MANTA. 
Unfortunately no vi.sible results w,ere gained because of 
poor v1s-ibllity 

Mditlonally, vertical sectio11s of the upper 0-16 
centi11teters (0-6.3 inches) of the lbottom sediments were 
photographed using the RD!OTS syst1~m (see Cooper 
Consultants, 1986). The REMOtS sy/;tem can detect 
sediment thicknesses up to approximately 18 centimeters 
(7 :l:nches) deep, which is limited lby the prism window 
height. Because the RiMOTS images in Puget Sound have 
not been compared With conventiona:l taxonomic 
identifications thei:e were some di~eferences amongsc 
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experts regarcU,ng the biological interpretation 
(mudclasts and biological community) of the R.EM0TS 
photogra-phs. However, comparisons between REM0TS and 
conventional quantitative benthic community analyses in 
Long Island Sound and in the Chesapeake Bay have shO'lln 
generally close agreement in interpretation between the 
two techniques. A recent study (Lunz, 198~) comparing 
R:EM0TS and Be.1:1t'hic Reso.urces Assessment Technique 
(BRAT) of£ tile coast of Massachusetts in 300 feet of_ 

water sh01Jed very close agreement in biological 
interpretation, Lastly the BRAT boxcore data colle<>ted 
in Puge t Sound agree with the general communicy type 
assessments accomplished with the REM0!S imagery. 
PSDDA chose tentative sites based on available 
information <>oncerning the strength of the tidal 
currents, a n d R.EM0TS data, along with the depositional 
analy,sis to plan sampling station strategy for BRAT 
field studies and R.D!0TS data was used to describe 
sites in the EIS. 

After these selections were l!lade, site specific 
studies were conducted including trawls for the 
presence of crab, shrimp, and botromfish, and boxa9re 
sampling was used to qaantify and assess the bottomfish 
food habitat valaes \d.th che Benthic Resources 
Assessment Technique (llRAI) . 

(3) Non-Dispersive Pro.bebi.Uty. The likelihood that 
dredged material would -remain within the disposal 
site was evaluated using a number of approacnes. 

First, the !llaldmum currencs ltlchin each ZSF were 
mapped using h-iscorical data, and some data recentl y 
acquired by the Corps and the U. S. Navy using current 
meters , 'lhese 1:esults were compared with speeds that 
were observed dlirin.g special field studies in Dana 
Passage ( Sternberg and Colli/ls, 1973) co mobilize. and 
transport Sediment. At speeds above approximately 0.5 
knot dredged mate.rial was obseryed co be resuspended 
and transported. Because of the spa:r,i1ity of h.i scorical 
data, a two-dimensional numeric mpdel was calibrated. 
for Puget Sound by the Corps \iateNayS Experiment 
Station. Model ing results allowed some interpolation 
between more widely spaced field data. 

Second, four sediment chsracterist.tcs within the 
isFs we.re mapped (grain size, sediment biochemical 
oxygen demand, percent moisture, and percent volati l e 
solids ) using a technique called '"depositional 
analysis" (Striplin et al., 1987). An area was 
classified as non-dispersive or "depositional .. in 
character if its sediments had the following 
characterisUcs: small grain .size; high oxy_gen demand; 
high percent ,rater; and high volaUJ.e solids. 
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Thirdly, the fate of resuspe:nded materials was 
evaluted within the ZSFs to avoid impacts downstream on 
ser1sitive babicats. 

Maps developed from these determinatioms were overlayed t o 
identify disposal sites thaic besic s atisfied the desired site 
conditions. 

3.2 Preliminary Sites 

Preliminary sites were identifed in al:L the priority l. 
ZSFs. As a result:, two sites were specified in Port Gardner,, 
(Pig. II.3--',!), two sit:es in Elliott Bay (Fig. lI.3-3), -and two 
sites in Commencement Bay ( Fig • . II.3-4). Additional.ly, a site 
was also identified in the Sar.a toga Passage priority 2 ZSF (Fig . 
II . .3-5), 'l'hough only one site will be selec:ted for each of the 
three areas, che extra sites serve as alternatives and backups 
should site studies indicate a problem wileh one of the sites. 
IA;ttailed des=iptions of site selection proc:ess are described 
l ater in this Append!% for each site. Prefm:red and alternati.ve 
sites in the Commencement Bay ZSF were iden1:ified based 011 

results of ZSF and site-.specific studies. 

J. J Site Speeific Field Studies 

Additional studies were conducted for the preliminary sites 
to define the size of the bot tom impact area, and to refine site 
location relative t o food web values of thes,e areas. 

(l.) Numerical Dump Hodel. To assist i,n establishing the 
size and location of cne disposal ,sites, a numerical 
model, originally developed for EE•A, and later ref,ined 
by t'he Corps• Waterways Eirperimenc Station, was used to 
estimate the depositional pattern caused by the 
disposal of a single bargeload of dredged material. 
The model was run for t.-o types of' dredged mat~ial a_t 
several depths and current speeds. Resu1ts from chis 
model -were ,combined with an estima,te of the surface 
disposal zone diameter to provide an ioltial asse ssment 
of the sediment deposition pattern that might be caused 
by repeated disposal.a within a site . The model results 
inQicate that the impact of any one barge load (1,500 
c.y.) of material is confined to a relatively small 
area . 1n 400 feet of water the descending cl oud is 
approximately 2.50 fee t in diameter when it hits !Che 
bottom, occurring 30 seconds after disposal is 
initiated. The col:lapsing cloud t:hen spreads out in 
all directions. Teo mi nutes later essentially all of 
the material is deposited on the bottom within a 
l ,000~foot radius of the drop point. The thickness of 
c;he deposited material varies from about 0.3 inches at 
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cite center of the disposal mowtd to 0 , 04 inches ac c'he 
edge. These resules assume a wor ~t -case spread of a 
completely slurried load. Dredged material t<i th 
cohesive clumps would noc spread as far or as thinly. 
The final size, orientation, and configuration of the 
disposal sites are not signifi cantly af£ected by the 
materials deposited from any single barge disposal, but 
are governed by the total amowit of material being 
de posited, sediment bulking factors, stable side slope 
characteris tics of the sediments, existing bottom 
topography and consolidation c:haracte.ristics of both 
tl:ie bed and dredged material. thea-e 1UOdel studies we.re 
used to define tlie bottom impact area, described below, 
for each 9r tlie sites. 

(2) Crab, Shr,imp, and Bottom.fish. Trawling St udies. The 
distribution and relacive abundance of important 
commercial Dungeness CJ."ab, s'hrimp, and bottomf:ish. 
resources were mapped in and around all priority 1 ZSFs 
from data obtai ned during seasonal sampling cruises. 
The ob jec ti ve was to evaluate the importance of the 
ZSFs- in general to these important commercial natural 
resources, and to m1o1rn12e impacts as much as possible 
as part of the site selection process by h,µ,ping to 
identify areas of lowest habi t a t value. 

Results indicated disposal sites can be located 
within the priotlty 1 ZSF yet avoid s i gni'ficant 
con£lict with each of these resources. 

(3) Food Web Study. Benthic resources ,rt thin and adjacent 
to each of the prelimin,u;y disposal sites under 
consideration were evaluated in terms of their food 
support potential to bo t tomfish resources. A procedur e 
called the llentlilc Resources Assess111ent Technique 
(BRAT) developed by cite U,S, Army Waterways E:tpetimenc 
Station (Lun~ and Kendall, 1982), was used to quantify 
the food value of bottom-dwell ing organisms within 
soft-bottom habita·ts to bottom-feeding fi,shes. The 
BRAT estimates which organisms at a given site are both 
vulnerable and available to selected f1·sb species. 

Different species of bottom-feeding fishes can 
detect;, capture, and ingest only a portion of the 
available beothos . 'They will cons,wne different prey at 
different locations and seasons, reflecting the 
availabil'ity of vulnerable prey. In the BRAT, 
vulnerability i s taken co be a function of the size of 
tlie benthi c food item, and ava;llability of the prey's 
location below the sediment- water interface. Both 
factors are estil!lSted from an examination of the diets 
of target predatory fish, and confirmed by a parallcl. 
examioatioo of vulnerabl e and available prey in the 
local beothlc environment . Food wee linkages between 
beotbic organisms, key fish and shellfish, and 
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ultimately humans via commercial and recrea tional 
fisheries offers resource managers a way of assigni ng 
comparative resource values to alternative disposal 
sites. Section II.9 of thi s Appendix contains a 
complete description of the methods and results of thi s 
procedure. 

As with the trawling studies, BRAT confi rmed that 
resource values at the potential di sposal sites within 
the priority 1 ZSFs and at the Saratoga Passage 
Priority 2 ZSF were generally equal to or lower than 
surrounding areas. Consequently, adjustments to si•te 
locations were not considered nec,essary. 
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4. BEG DINING Tl!.E SEARCH POR DIS PosAL ZONES WITHIN THE ZSPs: 
SIZE EST.!MATl::S FROM THE NUMERICAL DR.EDGED MATERIAL 
DISPOSAL MODEL 

To assist in establishing the appropriate size and .iocatlon 
of a dredged material disposal zone within.~ ZSF, the numerical 
dredged material disposal model developed b:r the Corps Waterways 
Experiment Station (Tr.awle and Johnson, 1986) was used to 
estimate the depositional patce.r.n caused by the disposal of a 
single barge load of dredged mat:erial of vairying composition at 
stlected depths and current 1;1pee<ls, These 1,stimates, combined 
with an estimate of the target (drop) zone ciiamet:er, provided an 
initial assessment of the sediment pat:tern that irlg_ht: be caused 
by repeated disposal operations within a ZSl'. Ihe final size , 
orientation, and configuration of the dispo11al site were based on 
the results of the disposal model w1 th thosi, of depoaitii)nal 
analysis, current characteristics, and bottom topography. The 
initial estimates of disposal zone size werE~ also Used to· 
determine the regional sampling plans for m,;,pping biological 
res ources. 

4.1 Gharacc-eristias of Dredged Material 

l'he numerical dredged material disposal. model requires as 
inpuc the cl!aracteristics of the material rn be dredged. /is a 
guide to the. characteristics of future dredging activities, 
sediment records £ram past dredging work !'e.t·e reviewed. 

The available Ci;n::ps records indicate thte various types of 
sediment that have been previously dredged. The following 
records were reviewed: for the Port Gardner· ZSF, five samples 
taken from Everett Harbor (Corps records des:ignated m'.PEN-GS-L, 
74-S-59Q); for the Elliott: B.ay ZSF, 34 samples taken in the 
Duwamish Waterwy (Sin- Lam Chan, et al,, 198:6); and for t he 
Commencement Bay ZSP, six samples taken fro.•1 the Rylebos Waterway 
(COE records designated Nl'DEN-CS-,.,t, 78-S-4). Table II.4-1 lists 
the percentages of !line ae,diment types accor·ding to the Wena,orth 
size classifi.c&t.ion. Shown are both the ran.ge of the percentages 
as '(el,!. as the mean percet\tage for the sampl.es taken in "<'ch 
nea. The percentage ranges indicate great variability. 
Consider, for instance, that the percentage 0£ medium sand varies 
bet\(een 4- 63.5% in :Everecc }!arbor, 2-44.6% in the Du1;amish 
Waterway, and 1-30.5% in }fylebos Waterway. The ranges for medium 
silt and clay percentages vary between 0-28% in Everett llarbor, 
3.1-76.5% in Duwamish Waterway , and 19.0-73,0% in Hylebos 
Waterway. 

Despite the great variability, the mean values suggest that 
there are some. differences becween materials thac "1111 be 
deposited in the ZSFs. In Everett Harbor the mQst common 
sediment type is l!led.ium sand (37 .2%); whereas in the Duwamish 
and Hylehos Wa,terw.ays it is med.tum silt and clay (37 . 9% and 
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43.3%, respectively). It appears that future disposal o!l<?L'ations 
-will deal with a wide range of sediment types. If these past 
records are a guide then sa11d will be primarily deposited in Port 
Gardner, and finer sediments will be depositea 
in Elliott a11d Commencement Bays. 

4.2 Numerical Dl:'edged Material Disposal Model 

4.2.1 Objective-

Tile objective of tile dred~d material. disposal modeling 
effort was to predict the short terui fate of material wh:!.cll may 
be dredged and disposed of in the Phase I area. The po tential 
open water sites within tile Prioriey l ZSFs are located in water 
depths ranging from 200 to 600 feet. A preliminary scan of the 
data base showed that tidal currents range from s till water co 
speeds as great as two 'knots (3. 4 feet per second) in the ZSFs 
( Priority 1 and 2). 

4.2.2 Approach-

The. numericsl dredged material disposal model known as DIFID 
(Disposal from an Insta11t:aneous Dump; Trawle and Jonnson, 1986) 
was used to simulate the barge disposal of dredged giaterial. The 
model predicted the patte= af disposed material on the. bottom 
for e.acll of a number of test conditions. 

4.2,3 Description of the Numerical Medel, DIFID--

DIFID was developed by Brandsma and Dl.voky (1976) for the 
COE Waterways Experiment Station under the Dl:'edged Hateri·al 
Research Program. 'lhe original basis for the model was provided 
during earlier development by Koh and Chaqg (1973) for- the EPA. 
Modifications .o the original model have been made by Johnson and 
Holliday (1.978) and Johnson ( in preparation). Calibrations by 
Johnson and Holliday (1978) utilizing data collected by 
BokUiliewicz et al. (1978) have been conducted for disposal 
operations at the ZSF in inner Elliott Bay. The calibration 
results were used to select model coefficients within DlFID. 

EPA is currently conducting a scate-of-the-art review of 
available models for evaluating the initial mixing- of wastes 
discharged in the ocean environment. This review had determined 
that the Xo~Chang 1110del was the only model which accounted for 
configuration and movement of the disposal ves-se.l (wake 
turbulence), and s trongly suggests Chat the Koh- Chang model is 
certainly a valid model if no t the most valid model current:ly 
available. for these disposal evaluations . 

ll-29 



The model requlres chat the dredged material be broken iac<:1 
various solid fractions with a settliog velocity specified for 
each fraction, In many cases, a significant portion of the 
material falls as clumi,a that may have a settling velocity of one 
to five feec per second. Ibis is especially true ln Puget Sound, 
where !llUch of the dredging is done by clamshell, and it can be 
true in the case of hydraulically dredged maeerial if 
cousolidation takes place in the hopper barge during transit to 
the disposal site. However, to determine the rna.-tlmum extent of 
dispersion from a disposal operat:ion, all o.f the model tests 
assumed that the dredged material was a slurry of unifot'lll density. 

The behavior of the disposed material_ ,,as assumed co be 
separated i.nco three phases: 1) convective descent, during which 
the dischal:ge falls under the i1:1flu,ence of 1gravity; 2) dynamic 
collapse, occun-ing when the descending mac,arial in\pacts the 
bottom; and 3) long-term passive dispersion, commencing when the 
material transport and spreading area are d,!termined more by 
ambient c:u):"rents and tuJ:"bulenca than by the. dynamics of the 
disposal operation. Figure II.4-1 illustrs·tea- these phases. 

D.tring co1:1vective descent , the damped mate•rial falls as a 
unit and it's voluine grolis by eatr.ainment o:f surrounding water. 
Individual pard.cle settling ·rate is not a factor during 
convective descent. The vertical motion is arrested and a 
dynamic: spreading or collapse in 1:he horizontal direction occurs 
when the ""!te.i;il. either reaches the bottom or a neutrally 
buoyant position in the water column. In 1 00 feet of water, the 
convective descant phase _for typ•icsl maintenance dredged material 
is completed in a _few seconds, and 1n 800 f,iet the convective 
descent lasts about two minutes. 

The model assumes that none of the dredged material 1s lost 
co the surrounding water durii,g the descent to the bottom. lacer 
in this appendix it will be shown that seve1:al percent of the 
disposal material. may remain suspended in the water column for a 
period of time. However, the model was -not sufficiently 
sensitive. to account for this small loss. ~fhis small effect was 
judged not to affect the dimensions of the ]la t eral spread of 
dredged material. on the_ bot tom. 

The model assumes that the collapsing <!loud in ~he 1'/ater 
column is an oblate spheroid, lluring collapse on the bottom, 
the cloud take.a the shape of a general ellipsoid,, and a 
frictional force between the bottom and the collapsing cloud is 
Included. When the rate of horizontal. spre21d.!.ng or vertic«l 
collapse in the dynamic collapse phase becoc,es less than an 
estimated rate of change due to turbulent .d.J:f.fu6ion, the 
collapse phase is termin.ited, and the long-1:erm transport­
diffusion begins . ~ring collapse, solid particles Settle nt 
their specified sett.ling rate , As these pai:ticles leave the main 
body of material., they are scored in. small <!lauds that are 
assumed to nave a Gaussian (or normal) dist:1:ibution. The small 
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clouds are then advected hortzontally by the model i mposed 
current fiel.d. In ai'dition,. the clouds grow bot:h bor:izontally 
and vertically as a result of turblilent diffusion, Since 
sett.ling of the suspended solids occurs at each grid point, the 
amount: of solid material deposited on the bottom_ and a 
corresponding thickness are determined. 

4.2.4 Required Input Data-

Th.e i nput data required for DIFID falls into four ~cups: 
(1) a descrt•ption of the ambient environment at the disposal 
site; (2) characterization of the dredged material; (3) data 
describi.ng the dispos·al operation; and (4) model coe_fficlents. 

The first task was ·that of constructing a horizoni:al ~id 
over the disposal site. The model grid usea for PSDDA is shown 
in Figure II. 4-2. The ambient condition s imposed on the g.-id 
model for tbese tests were represented by a constant water depth , 
a constant current velocity, and a single water densii:y profile, 

The dredged material for these tl!!3ts wa·s characterJ.zed by 
two solid fi:-actions. For each solid fraction the following 
information was specified based on Cores experience in Puget 
Sound: concentration by volume; density; fall velocity; voids 
ratio; and. an indicator as to whether or not the fraction was 
cohesive. To add'ition, the bulk density and a.ggregate voids 
ratio of the material were prescri bed . The bulk densi,:,y is ·the 
density of t he slurry iu the bai:-ge. The aggrega ce voids i:-atio 1s 
a bulking factor used to convert the mass of deposited mate:rial 
tnto a thickness of deposition . 

• 
Disposal operations data required for DIFID included the 

position of the barge, tl)e volume of dumped material , and c:he 
loaded and unload.ed dr.aft of the disposal vessel. 

The:re are fourteen model coefij,ci ents in Dil'ID. These 
coefficients pertain to entrainment, drag, and turbulent 
d.ispersion. Computer experimentation has shown that the results. 
are inse_ositive to many of t he coefficients (Johnson and 
Hol liday, 1978). The most important coefficienta are drag 
coefficients in the convective descent and collapse phases as 
well as coefficients governing the entrainme_ot of ambient ,rater 
into the dredged material cloud. The values selected for the. 
convect.ive descent entrainment and drag coef..ficients in to.is 
study were based upon experimental work done for the EPA by 
Bowers and Goldenblatt (1976). A detailed description of the 
theoretical aspects of DIFlD is given by Brandsma and Oivoky 
(1976). 
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4.2.5 Test Conditions-

The test conditions included water dept:h, ambient curren t:, 
material dumped, and barge bulk density, The conditi,oos used fo 
each of the tests ate shown in Table II.4-2. The remainder of 
the required model input for each series is shown in Tabl e II.4-
3. See Trawle and Johnson (1986) for a desc,ription of the model 
coefficients used in this study. The model grid used for all 
tests is shown in Fl.gure II.4-2, which repi:esented an area within 
a square boundary measuring 12,000 by 12,000 feet. Fach grid 
cell represented an area of 400 by 400 feet. To be 
representative of a typical disposal operat.J.on in Puget Sound, 
tile volume used .in all simulations was 1,500 cubic yards. 

The duration of each test simulation ge,nerally las·ted one 
hoar after the barge damp. In the tests with high ambient 
current speeds (3,38 feet per second), dumpe,d material remained 
in suspension and reached the 12,000 foot bc1undaries wi:thin one 
hour thereby automati<;ally ending the simula.tion. 

The deposition of ma terJ.al predicted by' the model. :is 
converted to thickness of deposition by the use of an aggregate 
voids ratio, The conversion from solids volume deposired co 
thickness of deposidon is that: of llrandsma and Divoky (1976). 

lhe dumping of two types of material was simula•ted by the 
model ill tbese tests. These were chosen to represent the most 
dispersive materials dumped into Puget Sound. The primary 
lllBterial test:ed consJ.sted of 25 percent fine sand and 75 percent 
clay/silt. The clay/silt fraction was modeled both as cohesive 
and ooncohesive material, The second material consisted of 50 
percent fi11e· sand and 50 percent medium sand with no clay/silt. 

4.1,6 Test Resulcs 

Resulcs from the model tests are shown as deposition 
patterns in Figures II.4-'3 - II.4-'7b. These deposition patterns 
shDl'I the predicted extent and thickness of material deposit:ed 
from a single disposal operation. 

The material simulated in Teats 1-15 represents a typical 
maintenance material in Puget Sound consisting of 25 percent fine 
sand and 75 percent clay/silt. In these tests, the .clay/silt 
fraction was treated as a cohesive material and allowed to 
aggregate thus yielding sett.ling rat.es wlucii are significantly 
greater than the individual pa.rticle settl'ing rate. For fine­
grained sllts and clays, it ls reasonable to asslll!le that particle 
aggregation ;,rill occur as the mat:erial settl,es, resaltitig io 
accelerated settli~g rate. The aggregate settling race for the 
clay/silt fraction is de t ermined in the mode.l by the equations of 
J ohnson and Holliday (1978). 
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For feGts 1 through 12, in dept~s of water ranging from 100 
to 600 feet , -all of !:ha dumped material deposited within sixty 
minutes. For Test: 13, in 800 fee t of water and with an ambient 
c:urrent speed oz O ..l feet per second, all of the material 
deposited rlthin one hour; however, for Test 14, in 800 feet of 
water and a current speed of J..69 feet per second, a portion of 
the clay/sue fraction was still settlii,g after one hour. For 
Test J.5 , i n 800 feet of water and a current speed of 3.38 feet 
per second, the duration of the s1mulat1on was J.1ndted to JO 
minutes at which time a por tion of the clay/silt fraction was 
st:l,ll descending dowt1ira.rd. 

Testa 16-J.8 were ideatical to Tests 7-9 except that the 
clay/silt fraction was not allowed to aggregate; therefore, only 
particle settling velocities tiere used in the model computa­
tions. Comparison o£ Tests 7-9 to Tests 16-18 demonstrates ciiat 
the deposition pattern is much more dispers~d if aggregate 
settling is not considered, Kowever, tests 16-18 are not 
considered co be representative of anticipated dredge material 
(i .e. , the material will aggregate). 

Test 1.9 is identkal to Test 18 except that the ba..-ge bulk 
density was i ncreased from 1.35 to 1.48. The impact of the 
increased bulk density with rega1:d t~ tile ~enc of the 
deposition pattern was negligible under these conditions. 

Test 20 used a material which consisted oaly of fine aod 
medium sands dumped in water 800 feet deep with an ambient 
current of 1.69 feet per second. Tes t 21 was i dentica1 t o Test 
20 except that the water depth was 100 feet . 

4, 3 Preliminary Disposal Site. Dimensions 

The exi..stit!g d i sposal sites sboi.n on various NOAA charts ara 
circular areas measuring 1800 _feet in diameter. This area 
circumscribes the DNR prescribed "disposal zoae" for a disposal 
barge, or the area Within which the dredged material should be 
released at the water surface. To evaluate the ·1mpac t of dredged 
material oo bottom dwelling an1maJ~, ic was necessary to define a 
l arger zone Within which the material would be deposited , based 
on a s&ies of dumps, as shown by the results from the numer;ical 
dredged material disposal model. To plan the PSDDA field 
studies, prelindnary dimensions were chosen. It was late..­
modified as a result of the field studies. The _final disposal 
zones are described later in this technical appendix . 

The PSDDA disposal site cons!sc,; of three zones labeled A, 
8, and C (Fig. II.4-8). Area A is the targer: area, and Area B 
is the disposal zone. The <UsposaJ. barges should open their 
hoppers within A, but allowing for some error, witbin an .area no 
larger r:han ·ll. The r:argec area A and dlsposal. z one 11 lie within 
Area C, defined as. the disposal site. The recr:angle cii::cum-
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scribes the hor1zonta1 spread over a period of repea ted dumps of 
the dredged material aft er it is released at differen t l ocat:ions 
within the. disposal zone. during both flood i!IlQ ebb tides 
(assuming a current speed of 0.5 knot or 0.85 feet per second). 

The. dynamics of indi Vidual disposal ope.rations wet:'e. 
de.scribed earlier using the ntlJl!e.rical dredged material disposal 
model. The dimensions of the dump s ite were chosen using resu1 ts 
corresponding to. typical water depths and currents envisioned for 
the disposal sites . The .choice. was based o:n inodel Te.st No. 8 for 
400 feet water depth and a 0 .5 knot current (0.85 feet per 
second) (Fig. J:I. 4-5a). This test indicated a b.orizontal spread 
of approtlmate.ly 1000 feet downstream _from the. dump spot and 600 
feet to either side. . As a pre.caution 600 f,eet and 1000 feet we.re. 
added to the short and long ( tidal current dire.cu on) axes 
dimensions, respectively, to arrive at the 1size (3000 by 3800 
feet) of the rectangle shown in Figure II.4·-8. 
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Table II.4.l PERCENTAGES OF SEDIMENT TYPES IN SEDIMENTS FROM 
EVERETT HARBOR, DUWAMISH WATERWAY, AND HYLEBOS 
WATERWAY. 

( l) I 2 ) ( 3) 
Everett Duwamish Hylebos Sediment Harbor Waterway Wa t erway Type (5 samples) (34 samples) (6 samples) Range (mean) Range (mean) Range (mean ) 

Gravel 
Sand 0-11.0 ( 3. 3) 0.2-e . o ( 3. 2) 0-3.0 ( 0. 5) Very coarse 0-16 , 0 ( 7. 5) 0.3-4,l ( 1. 9) 0-3.0 ( 0. 8) Coarse l.0-38.0 (25.2) 0.3-14.0 ('. 9) 0-11.0 ( 3. 6) Medium 4.0-63.5 (37.2) 2 . 0-44.6 (19.7) 1.0-30.5 ! 10.e) Fine 6 .0-21.0 (ll.l) 4.1-35.9 (16.6) 4.0-34.0 ( 16.4) Very fine 0.5-32.5 ( 7. 4) ,.0-22.1 (12.2) 6.5-22.0 ( 13.5) Coarse silt 0-13. 5 ( 2. 7) 1.5-15. 6 (4.9) 5.0-14.0 (11.2) Medium silt-

clay 0 - 28.0 (5.6) 3.1-76.5 (37 . 9) 19.0-73. 0 (43.3) 

Sources: ( 1) COE Seattle District records designated 
NPDEN-GS-L, 7◄ -S-590. 

(2) Sin-Lam Chan et al. , 1986. 

(3) COE Seattle District records designated 
NPDEN-GS-L , 78-S-4. 

!I-35 



TABLE II.4- 2 CONDITIONS USED IN THE 21 TEST Rt.rNS OF TIIE NUMERICAL 
DREDGED MATERIAL DISPOSAL MODEL. 

Water Current Material Type Deposited 

Test Depth speed Time Fine Sand Clay/Silt Cohesive Fine Sand Clay/Silt 

No. (feet) (tps) ( min) lt lt Y/N lt % 

l 100 0.10 60 25 75 y 100 100 
2 100 1. 69 60 25 75 y 100 100 

20 100 1. 69 60 100 0 N 100 0 
3 100 3.38 60 25 75 y 100 100 

4 200 0.10 60 25 75 y 100 100 

5 200 0 . 85 60 21.i 75 y 100 100 

6 200 1. 69 60 25 75 y 100 100 

H 7 400 o. 10 60 25 75 y 100 100 
... 16 400 0 .10 60 25 75 N 100 53 
I 

"' 8 400 0.85 60 25 75 y 100 100 
0) 17 400 0.85 60 25 75 N 100 18 

9 400 l. 69 60 25 75 y 100 100 
18 400 1. 69 60 25 75 N 100 14 
19 400 l.69 60 25 75 N 100 15 

10 600 0.10 60 25 75 y 100 100 
11 600 0.85 60 25 75 y 100 100 
l 2 600 I. 69 60 25 75 y 100 100 

13 800 0 .10 60 25 7 5 y 100 93 
14 800 1. 69 60 2 6 75 y 93 67 
2 1 800 1.69 60 100 0 N 100 0 
15 800 3.38 30 25 75 y 66 55 



TABLE 4 . 3 J\DDITIONJ\.L MODEL I ,;PUT INFORMATION OSED IN THE .!l 
T EST RIJNS OF THE: !IUMERICAL OREDGE:01 DISPOSAL MODEL , 

Medium sand concentration 
by volume (cu ft /cu tt) 

Fine sand concentration 
by volume (cu ft/cu (t) 

Clay-silt concentration 
by volume (cu/ft/cu tt) 

Sand density (gm/cc) 

Silt-clay density (gm/cc ) 

Fluid density (gm/ cc) 

Medjum sand !all velocity (tps) 

~lne sand fall velocity (tps) 

Clay-silt ta ll velocity (tps) 

Dredged material bulk density 
(gm/cc) 

Aggregate voids ratio 

Cohesive Aggregate Option 
tor clay/silt tration 

Tests 
l-15 

0.05 

0, 16 

2.60 

I . OJ 8 

0 .02 

0.0013 

1. 35 

4 .50 

On 
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Tests 
16-18 

0.05 

0 . J 6 

2.HO 

2. 1;0 

1 . 018 

0,()2_ 

O.Cl013 

' . ~,o 

Off 

T=t 
19 

0,07 

0.22 

2 . 60 

2.60 

l. 018 

0.02 

0.0013 

Test 
20-.!I 

0.15 

0,15 

2.60 

1.018 

0 . 03 

0.02 

4 .50 4. 50 

Ott Not 
Applicable 
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Fi,;urc II . 4-l Conceptual diagram c1f the di:::pos.:i l of dredged 
material used in th" numeric-al dredged materi-11 
disposal model. (Source: Trciwle and .John:::on, 
1986) 
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I __f __f I I _f __f l I 

DUMP LOCATION FOR 
TESTS USING 0.85, 1.69, 
AND 3.38 FPS CURRENTS· ' . 

CELL SIZE 

' 
400 FT x 400 FT 

DUMP LOCATION FOR 
TESTS USING 0.10 FPS 
CURRENTS 

cu RENT 
DIRECTION 

Figure !I.4-2 Horizontal grid u,:;cd in the numer i cal dredged 
m<1teri.:,l disposal model. (Source , Trawl c and 
Johnson, 1!186) 
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f::-om "':h~ n·i.:.me:-ic.::,.l dredged m.3teri:1l d ispo:;~l ;:ioC.?l 

Circle indicjc::,s .:.~:~p ;:..;ne. 
Johnson, l 986) 
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in ~00 feet of water for V3riou::: ~~=~z~t ~~~e~~ . 
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f .rom the numerical dredqed material di:::~csa: 
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Figure II.4 - 6 Deposition pattern (jn thousan d t h s cf 3 foot ) 
from the numer i ca l dredged materinl dis~c sal mcdcl 
in 600 feet of w~lcr f or vJrjous c u~rcnl =?cc~s. 
Circle indicates d1.1mp zone . (Source: Tra'" le 
and Johnson, 1986) 
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Pigure II. 4-7a Deposition pattern (in t housandths of a foot) 
from the numerical dredged material disposal 
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speeds·. CJrc l e indicate::: dump zone. (Source : 
Trawle and Johnson, 1986) 
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Figure II.4-7b nepcs!tion pattern (j n thuus:rn<lth ~: "f o ft:o l ) 
from the numerical dt·cdged m.::to:-:-i ., i dispo:-:.o 1 
model i :-1 800 feet o :f wo tr:r !er c ,,r- J uu:;; curr<·, , · 
speeds. Circ l r i ndi r:.~ t ,..~ du::t;: ~-.::~~ . (Sc1.::-r:-c 
Trowle and Johnson, l 98~ ) 
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PRELIMINf·\RY DISPOSAL SITE DIMENSIONS 

DISPOSAL SITE ~ 
C 

B ,....--o,sPOSAL ZONE 

r---12ooteet I 
1----1aoo feet---~ 

~--------- 3800 feet --------------1 

Figure II.4-8 Preliminary dimensions ot th.e PSDDA disposal si t e. 
(Source: EHI) 
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5, DEFQSITONAL ANALYSIS /SEDIMENT O:!AR.ACT.EllIZATION 

5.L Objective 

The Objective was co locate areas ldth1n the ZSFs where 
sediments tend to deposit rather than erode~ and areas that were 
large_ enough to encompass preliminary dispos,al sites. These 
determinations were made from maps of sedimeent characteristics. 

5.2 Background 

Previous work by Word et al. (1984a) in.dicated that 
sediments i n Puget Sound tend to accumulate where existing 
sediments meet £our criteria when compared to sediments at 
similar depths: 1) small grain size; 2) statistically elevated 
volatile sol.ids; 3) statistically elevated biochemical oxygen 
demand; and 4) statist.ically elevated ""1ter content. Durin.g 
PSDOA field studies, measurements were made in the ZSFs co 
evaluate these criteria. 

5.J Depositional Anaiysis Technique 

The assessment of depositional potential was determined from 
cliaracceristics of the sediments in the ZS.Fs. The analysis 
presented below was adapted from Striplin et al. (1987}. 

The depositional analysis was conducted within t):te five 
2S.Fs, The ZSFs were sampled with 201 stations as follows: 1) 
Saratoga Passage, 24 stat.ions on 24 April; 2) Port Gardner, 72 
stations on 10, 11, 14 April; 3) Elliott Bay, J4 stations on 9, 
10 April; and 4) Commencement Bay, 61 stations on 7, 8 April, 
1986 . 

SubtidaJ. sediment samples• were collecte·d in a consist:ent, 
repeatable manner rl:th a 0.1 square meter modified van Veen grab 
sampling device. Upon collection of each sample, the follo,nng 
physical characteristics of the sediment were descri bed and 
recorded: sediment texture and color; strength and type of 
odors; sampler penetration de.pth; degree of leakage or sediment 
sw;face disturbance; and obvious abnormalities, e.g., wood debris 
and biological structures. Samples which showed excessive 
disturbance of the sediment surface were rejected. In addition, 
sediment samples were re jected if they did not meet certain 
minimum penetration depths. Samples were ta"ken from the upper 
two centimeters of the sediments. 

Sediments larger than 62 microns were alr dried and 
analyzed by dry sieving through a series of graded sieves using 
a Braun mechanical shaker. Sediments finer than 62 micton~ were 
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analyzed by wet pipetting techniques . Sedi,ments were then 
classified into the fo,llowing size categortes: cobble (156-64 
millimeters), gravel (64-2 millimeliers), cc,arse sand (2-0.5 
millimeters), fine sand (0.5-(i.062 mill.imet:ers), silt (0 .062-
0.004 millimei:ers), and clay (less than 0.004 millimeters ) . 
Percent: volatile solids (%VS) were detei:min.ed by combustion at 
550oC, once the samples were completely tha.wed and homogeni~ed. 
The 5-day biochemical oxygen demand ( BOD; milligrams of oxygen 
used per kilogram of sediment, dry weight) was determined 
.following procedures in Standard Me.thocls for the Elcaminat:ion of 
Water and Wastelaiter (1985 ) and in !:he PSEP protocols manual, 
with some modifications (see Striplin et al., 1987) . The percent 
water was determined by over drying a weighe'd aliquot of 
homogenized sediment, and weighed again for computation of 
percent water. 

The grain size numbers which are contoured are arbitrary 
numbers ~-bich represent the sediment types shown in the legend of 
each grain size map (Striplin et al. , 1987). These numbers are 
not related to phi sizes in any way. 

Sediment grain size in some of the ZSF:s was also estimated 
using the RDI0TS system (see Cooper Consultants, 1986) . Altho.ugh 
this lllethod zulows the recognition of grain sizes greater than or 
equal to coarse silt (5 phi size), the REMOTS data available to 
PSDDA were not resolved finer than very fin,e sand (4 phi size). 
As it turn.s out later, the. deposi t1onal are.as are chll'acte-ri2ed 
by fine silt and clay type_ sediments (7-9 plni size); therefot:e, 
the REMOTS teahnique did not provide suffic.ient resolution of 
small grain sizes to locate the depositional areas within the 
ZSfs. 

A stat:istical method was emplQyed c.o d,~termine if individual 
samples indicated a station to be more depo:sitonal in nature than 
other stations a t a similar depth. The mea11, standard deviation, 
95% confidence interval (95:z' CI), and 1. 96 ,standard no,:mal 
deviate (l.96 SND) were calculated for each parameter for each 
depth contour using data from all 201 s tati,ons as described by 
Word et al. (l984a,b), Values falling beyo11d the l.96 SND wer e 
considered outliers . They were temp'orarily reJ!!oved from the 
data, and the computations pet:formed again. Removal of the 
outliers decreased the variance SJ'ld produced more realistic 
average values for the data. Once the final mean, 95% CI and 
1.96 SND were obtained for each depth conto,:n:, the observed 
values (including outliers) were compared tc> 1:be values at each 
depth. 

The data fro!II each region were eJtal!lined to determine 'Which 
areas exceeded tile upper bounds for %VS , BOJD, and water contenio. 
A range of +1.96 standard norme.l deviate wa11 chosen for the uppE!l1 
bound in adgicion t o the 95% confidence int,~ to identify 
those stati.ons which departed substantially froa, mean values . 
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A-station was considered depositional if the percent 
volatile sol.ids, BOD, or percent water exceeded the 95% 
confidence 11mit for the depth contour on which the station was 
located. In addition , the s ed:l.ment grain s i ze lllllSt have a mean 
size of 7 (£1ne silt), 8 (very fine silt), or 9 (clay ) . 

The da t:a obtained .from the REMOTS syst:em in some ZSFs was 
also used to estimate areas that were depositi~nal. or erosional 
(Cooper Consultants , 1986). The classification aepended on the 
characteristics o.f the sediment~acer interface (e.g., mud clasts 
and small sca1e bedforms). These features 'may have been 
associated with a 1ocal. winter storm that occurred at the time of 
the mtOTS surveys; there.fore, the erosiona.1/deposition maps 
prepared from !UMOTS data may represent a s:hort term pattern. 

In contrast to the RDIOTS maps wh.ich r ,epresen-t the bed.form 
patterns at the sediment surface, the maps prepared from 
conventional techniques were derived from the upper two 
cent.imeters of sediment. As sediments depo:sit naturally at .the 
race of O .5 - 2 centimecers per year ( Lavelle et .al-, 1986), che 
depth sampled by conventional. methods repre1Sents approximately 
two years of accumulated sediment. DSWG re:lied on conventional 
sediment ahemistry to locate aepositionaJ. s ;ltes because it. 
represented a longer period of sedimt?llt accumulation than did the 
Ril!OTS data. 

5.4 Distribution in the ZSFs 

5. 4.1 Sacatoga Passage-

In. the Saratoga Passage ZSF, the percent volatile solids 
ranged from un-der 2% to over 8% (fig. II.5-ll). Elevations above 
the 95): CI were found at. wost of the scat:ions within the ZSF, and 
four of the seven stations in the .ZSF i.ere 1!.levated above the 
i.96 S~'D i nterval ( Fig. U.5-1). 

The BOD values ranged from under 300 to over 1000 milligrams 
per kilogram of dry weight (Fig. II.5-2), 11he highest levels 
were found at the east and west ends of the ZSF. Values exceeded 
the 95% CI at the west end and at four scatJlons within the ZSF 
(Fig. II. 5-2). 

Percent. water values showed similar trE,nds as those seen in 
the %VS and BOD (Fig. I h5-3) . Elevations beyond the 95% Cl. were 
found J,n the cent.r-al portion of che ZSF (Fig. II.5-3) . 

The median sediment grain size found in the ZSF was 
predominan·t1y medium co fine silt ( Fig. II.!i-4). Stations along 
the margins of Camano and Whidbey Islands h.td sediments 
consisting of fine sand. The percent clay l ,n the ZSF ranged from 
approximately 10% to over l.SX (Fig. II.5- 5). 
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5. 4. 2 Port Gardner-

In the Port Gardner ZSF, the percent •volatile solids 
concentrations ranged from under 2% to ove:r 8% (Fig. Il.5-6). 
Elevations above tbe 95% CI were fowid at tnost of the stations in 
t'he ZSF (l'ig. II.5-6). Five stations along t'he northeast margin 
of the ZSF and three S't'ations near the ent:1:ance t:o the Everett 
l1arina exceeded the 1.96 SND, 

'!he BOD ranged from 200 norch of Gedni,y Island to l.500 in 
Possess ion Sound (Fig. II.5-7). Values in eiccess of the 95% CI 
were fowid in the easternmost, central, and western portions of 
t:he ZSF (Fig. Il.5-7). Stations where values exceeded the 1.96 
SND were found at the entrance to l'ossessic,n Sound and at two 
stations on the eastern margin of the ZSF. 

The percent wacer ranged -from appro:rla~tely 40% to greater 
than 60% throughout most of the lSF (Fig. J:I.5-8). The areas 
where the water content exceeded the 95:t CJ: show a distribution 
similar to chat seen for l:lOO wit:ll t:he elev•ttions pr~cipally 
occurring in the easternmost, central and >;restern margins of the 
ZSF (Fig, Il.5- 8). 

The median sediment grain. size found i .n most of the ZSF 1,fas 
medium and fine silt, and tile percent clay ranged 1rom 10-20% 
(fig. II.5-9,10). Sediments along the sout:h and east ends of the 
ZSF were coarser ranging :ham i.ine to very line sand. 

5 . 4.3 Elliott 1lay-

The total volatile solids concentrations. in the inner bay 
incr eased with increasing water depth and d,istance down the 
submarine canyon, of£ tile west waterway of the l)Jwamisll River 
(Fig. II,5-11). Low values near 1% were found immediately off 
the waterway, and values increased to 7% at the base 0£ the 
canyon. Host stat:ions in the inner bay showed enhancements i n 
volatile solids grea-ter titan the 1.96 SNIJ (Fig, Il.5-11). 

Tile range of volatile solids values at the Fourmile Rock ZSF 
was 1 .6% to 7~ (Fig. II.5-11). A tongue of sediment with low 
volatile solids e-xt:ended from the nortllern insllore stations. 
None o.f the station.s within tllis ZSF w.ere elevated above th.e 
depositional criteria. 

The BOO values at the inner bay ZSF ranged from 300 to over 
700 m.illlgrams per k.ilogrsm dry weight (Fig. .II. 5-12). Values 
increased W'ith depth and down the submarine canyon. 111gb valu.es 
were also found along tile eastern side of the bay. Elevations 
beyond tile 95.% CI were found in a horseslloe pat:t:ern, with two 
.stations below tile 95% CI. Values at Fourm:Ue Rock raneed from 
less tllan 500 at inshore stations, to over .1000 at the rleep 
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stations, As with volatile solids, a tongu,e of sediment with lo,r 
BOD extended into the ZSF from the northern_ inshore sutions 
(Fig, II. 5-12). Five stations fell above tbe 95% CI for BOD. 

Percent water values followed the patt,erns previously 
described for %VS and llOD (Fig. IT.5-1'3), 'Ole data indicate chat 
in the inner bay, percent w.,cer increased w:l t11 depth from less 
than 40% at the mouth of the west waterway l:o over 1\0% at the 
base of the submarine canyon (Fig. II.5-13),. All but one station 
had percent water values in excess of the '9'.l% CI level . Values 
at: che Fourmile Rock "ZSF were similar to those in inner Elli.ott 
Bay, and ranged 'from less. than 40%, to over 60%. The band of 
lower percentage water is broader than seen in the 'tVS and 800 
measurements, but it is still distinct. 

The median grain size ranged from coarne sand , located at 
the station closest to the west waterway in i nner bay, to coarse 
silt as depth incr.eased (Fig. II.5- 14) . ThEl percent clay 1n most 
of the inner bay ZSF was from 9% to .12%, wil;h values incr easing 
rlth increasing wat:er depth (Pig. II.5-.15). The gra.J,n size 
distribution at Fourmile Rock ranged from ftne sand at the 
shal low stations along all transects to coru:se silt at all deeper 
stations (Fig. Il.5- 14) . The percent clay f.ncreased with 
increasing water depth, with a tongue of 10>1 values extending 
into the final disposal site (Fig. IT. 5-15). The values ranged 
from 5% to 15%. 

5 . 4. 4 Commencement Bay-· 

In Commencement Bay, percenc volatile sol.ids ranged .from 
0 .8% to 9.9%' (Fig. II.5-16). Contours show a tongue of sediment 
With values greater than 4% ertending from the central. basin into 
the Bay. The stations having %VS levels which exceeded the 95% 
CI and 1.96 SND extended from the west side of Commencement Bay 
across the ZSF to Brown and Dash Points (Fig. ILS-16). 

The 800 displayed trends similar to those of volatile solids 
(Fig. II ,5--17). A band of hi·gh BOD extended from the centr.al 
basin into a porti,on of_ t:he ZSF with value.a ranging from 892 to 
.1338. llOD values decreased in the Cel\ter of, the Bay and 
increased again on the west aid.e. Stations 'Whose va.laes e,cceeded 
the 95% CI also showed trends similar to those sbown by volatile 
solids. A band of stations with BOD exceedi;ng 95% CI, extended 
across the mouth of Commencement Bay from the west shore to Brown 
and Ila.sh J>oints (Fig. II.5-17), 

Contour i ntervals for percent water are presented in f igure 
Il.5-18. The cent:ral portion of the study area was composed of 
sediments containing 50% wat;er . Elevations ,e....:ceeding the 95% CI 
and 1.96 SND did no t occur in the ZS F (Fig. II . 5-.18) . 
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The distribution of sediment types in Commencement Bay are 
presented i n Figure II. 5-19. The median sediment grain size in 
most of the ZSF consi sted of coarse to finE! silt. Closer to 
Da l eo Passage the sediments became signifi<:antly coarser. The 
central portion of the ZSF contained high levels of clay ( 115%; 
Fig. II. 5-20). 
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6. HYDRAULIC ClL-ulACTERISTICS 

6.1 Objective 

In the previous cwo sections it Ics, evi,den t that there are 
areas where natlll"al -Sediments tend to deposit and cilat the size 
of the preliminary disposal site fits with~n these areas. The 
central question is whether the dredged mat,erial would remain in 
these areas if placed there. In the nert s,ection it will be seen 
that newly deposited dredged materlaJ. containing large amounts of 
silts and clays begins to erode when the cUJrrent speed exceeds a 
threshold of approximately 25 centimeters p,e.r second (0.5 knot; 
0.8;i feet ,per second). As a result, PSDDA 11ought areas where 
natural sediments tended to accu1nulate and where extreme speeds 
were less than 0 . 65 feet per second. There:fore, in this section, 
maps of current strength and direction w·ere prepared for the ZSFs. 

6.2 Methods 

Current strength was determined using i:hree approaches: 
field data were exrunin.ed; estimates were gei,er.ated with a numeric 
model; and estimates were slso generated wi tth a hydraulic modal.. 

6.2 . l Historical. Field Data-

Figures Il.6-1 - II.6-4 show the locatJlons in the ZSFs where 
current speed and direction have been 1neasw:ed. In Figures 
Il.6-1 - U.6-4 the dots indicate the locatj:ons of measurements, 
and circled dots indicate locations which w<!re used in 
correlations described later. 

Although there is not a ZSF in Seahurst: Bay, the many 
messnrements made there were readily avs1ilahle and were used in 
the correlations; there-fore, the locations elf those measurements 
have been shown in Figure II. 6-5. 

The re8ults presented in this chapte-r ~•re based on several 
hundred current meter records. A record is defined as one 
obtained at a particular depth ovar a given duration, or the 
approximate time between installation and r e,tr •ieval of a current 
meter. Nearly all of the reco-rds were obtatned uslng Aande-raa 
current meters attached to 1noorings, These were anchored to the. 
bottom a nd held taut with a subsurface float:. Usually several 
currant me tars were attached to a mooring alt various depths , so 
that a number of records were often obtaioecl at a given latitude 
and longitude over t he same i nterval of tilllE,. 
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These records have been utilized in pr<:vious studies and arec 
known co be of good quality. The methods u1sed to process che 
records have been descr.ibed elsewhere in so,me detail and will noc 
be repea1:ed here. The reader should consul e the following 
reports for descriptions. In Saratoga Passage the records are 
decscribed by Cox et al. (1984). In _port Gardner the records are 
described in three reports: l) Cox et al. (1984) for data taken 
prior to 1978; 2) Nortec (1986) for data taken in the vicinity of 
the proposed Navy disposal site; and 3) Evans-Hamilton, Inc. 
(1986) for data taken at the existing disposal site. In Elliott 
!lay the data have been described in three reports: 1) Cox et al, 
(1978) for dai;a taken [>rio1; to 1978; 2) ORS and Evans-Hamilton, 
Inc. (1986) for da·ta taken for the Municipality of Metropolitan 
Seattle CMetro); and 3) Nortec (1985) for data recently takeo for 
l!etro in the vicinity of Alki Point . In Commencement Bay the 
records ~ave been described by Ebbesmeyer et al. (1984), 
Finally, in Seahursc l!ay the records have been de9 cribed by Ull.S 
and Ev.lils-Hamil ton, !nc. (l 986). 

6. 2, 2 llniversity- of Washington Hydraulic M,ode1.--

The hydraulic model was constructed at the llniversit:y of 
Washington as described by Lincoln (1979) , Prior co 
oonar:ruction, a detailed theoretical study ,was made to 
investigate .suitabl e model scales. The priJmary recquirement for 
proper 'representation is that flo., must be turbulent. "Normally, 
turbulence is a function of both channel di1meosions and speed of 
flow, In Puget Sol.lnd, the channels are J.rr,egul'ar and flow speeds 
are variable from near zero t:o several kno t ;s, depending on tidal 
characteristics and time of tide, To be co10servative., straight 
and uniform channels were assumed in tlus tlheoretical soudy . 
Additional considerations were the ultimate size of the model, 
available SJ)Sce, and cost of construction. These studies 
resulted in the selection of a horizontal s,:al e of 1:40 1000 and a 
vertical scale of 1:1,152. From these two iacales, all others 
wei::e deriv:ed .from mathematical relaUonsllipi; for the pro.pagation 
of a shallow 'Irater wave {Rattray and Lincol11, 1955). The depth 
scale is exaggerated by a factor of 34:7. this was necessary co 
achieve turbul.ent flow in the principal cha110els except during 
perioda of slack water and to t'edoce the ef,Eecc of surface 
tension in shoal areas such as tidal flats. 

Tidal action is a. principal driving fori:e of tbe dynamic, 
oceanographic processes occurring in Puget i1ouncl; thui,, they were 
represented accurately in the hydraulic mod,;].. The tide computer 
constructed for the model is the Kelvin type, similar in 
principal to the machine used until 1 966 by tne lf. S. Coast &­
Geodetic Survey for preparing the published Tide Tables. The 
computer for the model _provides summation oJ: six cosine functions 
representing six major tidal constit'1ents. Tides for any 
specific calendar period can be computed .,it;h an accuracy 
govecrned by the 11.mitation of only si'x. cons1:ic-uents, Whl.1e at 
least 37 are UJled in computi o,g the publ.lshecl tide predictions. 
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Pi.lget: Sound receives a vo.l.U111e of fresh water each year from 
1."iVer clischarge, amounting to approti.ma.tely 20% of its total 
volume., The· strong tidal currents and turbulettce mix the fresh 
waCel." and seawater, The inf1owing river water must escape to tbe 
ocean and in doing ilO, as a result of mixing, catties with it 
about nine to ten ti.mes 1 ts volume of seawatet:. To compensate 
for the l oss of sa.l t and seawater, and co maintain the salt 
budget, there 1s an inflow of mol'e saline w:et~ from the Strait: 
of Juan de Fuca. lleeause che mixed wa·ter i ;s· of lower salinity 
and therefore of lower density, a net outflow occurs near the 
surface and a nee inflow at depth. A wide ·range of surface 
salinities and vertical salinicy g-radients ,occur that varies wi'th 
both l ocaclon and time. 

Fresh wa'ter inflow to the model is prov:Lded .it the loca tlons 
of the eJ.even principal rivers d,ischarging :l.t;to Puget Sound. 
Model river flow is manually contr.olled with discharge rates of 
each river indicated by individual £lO'i1 meti!rs, A .separate tank 
simulates the ocean as a source of salt wat◄~r. 'l'he model 's 
seawater is continually circulated between lthe ocean tank and the 
model. Concluctivity of the ocean water is ,oonicored and co!!I.P"red 
with a standard. A concentrated salt solut:Lon is add·ed by 
automatic control as re~uired to compensate for dilution by r iver 
discharge and to ma.int:ain the ocean salinit!7 at the contro'l value. 

Because of the small size of the hydrauilic model considerable 
efforts have been made in the paat to V&ifJr that it reproduces 
tidal phenomena seen in the field (Ra t1:Tay ,ind Lincoln, 1984; 
Ebbesmeyer et al., 1984). In this appendix,. total variance was 
computed from currents measured in the hydr,,uli.c model and mapped 
1n two of the ZSFs. To verify the variance Ebbesmeyer et aJ., 
(1984) estimated variance from. field data and compared the 
results with variance computed from the modul ( Pig. ll.6:-6).. In 
Figure ll . 6-6 the dots repl."eaent variance averaged over the water 
column when several current meter records ;;;,re available at a 
single location, and the x's represent: varia!nce eompuced at the 
surface of che hydraulic model. Despite th.,1 scat tel.", there is 
general agreement between fieJ.d and model de,ta. Much of the 
scat·ter undoubtedly occurs because the field data were obtained 
under varying tlde , wind, and runoff condici.ons; whereas the 
model. results represent only spring tida1 ce>ndi tions at the wa t.er 
surface under high and low runoff. 

6.2.J Numetical Tidal Current Model-

In addition to the hydraulic model, a nu~erica~ model of 
tidaJ. currenxs was a1so used for PSDDA. A t;wo-dimensional 
Vel."tically integ-r,ired set of equations W/ilS utilized as described 
by Butler (1980) . The detailed developmeot of the· eqw,tions, as 
well as a review of literature pertinent to the nU111erical model 
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was presented by Schmalz (1983; 1986). Although a compatible 
three--dimensio11al hydrodynamic and sec!Jment transport model has 
been developed by Sheng (1983), due to PS0D1A's economic and r:ime 
constraints the two-dimensional, vertically integrated approach 
was under~en. 

In developing the grid £or Puget Solll).d, two global grid 
alternatives were considered. In the .first alternative, spatial 
resolution was chosen to be 1,500 feet which rooghly corresponds 
co the size of the preliminary disposal site. A grid of chis 
resolution would require approxima·cely 15,0,00 cells to cove.r 
2uget Sound. The Qla.Ximum water depth in Puget Sound is 
app:cox:l.mately 900 .feet. With chis in£ormat.ion the graVi.t:y wave 
speed and the e.xpli~it time stel"' were calculated to be 170 feet 
pe.r second and 8.8 second,;, respectively. ,An :!.mpl1cit tiJDe step 
of 60 seconds was considered. Over 5,700 Ume steps would be 
required for s £our day siJ!lulated period at: 1,440 time. steps per 
day. To perform this nlllllber of operations 1<:>ver a .15,000 cell 
gri.d was considered too costly. Therefore 1i second grid was 
considered with a spatial resolutloo of 3,7,50 feet. A time­
sharing p,:ogram was used to develop a 70 x :L03 grid totallns 
7,210 cells. ~cause of a reduc tion from aJpproxima tcely 1.5,000, 
to approXimately '7,000 cells, a simulation !period of five days 
;rould require 4,800 time steps at 960 time 13teps per day. This 
second alternative was dee~ed acceptable. 

Puget Sound depths were taken from NOAA Nautica.l Chart 18440 
for Admiralty .Inlet and Puge-C Sound, and Nautical Chart 18421 for 
the Strait of Juan de Puca to the Strait: of Georgia, Because of 
Puget So=d 's conf:1,guration, water depths fll uctuate rat:her 
abruptly :fl;'om one ce1.l to the t1ext:. For th:ls reason, depths in 
many cells were averaged co obcain represen1:ative aell depths. A 
numbe,: of small islands are loca~ed in areal3 that obstruct wati,.r 
£low; there.fore, barriers were added to mak,! the boundaries more 
precise. .In ,iome instances point{! were idealbed t:o represent 
either .land or water that were crucial in the modei. All 
barriers were located on cell faces and assJ:gned a land elevation 
of ten feet. The barriers are modeled as e,rposed barriers; that 
is, no ove.rtopping occurred at any barrier during the simulationet. 

The tidal signals along the open wacer houndary were 
specified at the cw entrances to Puget Sow:Ld: Admiralty Inlet 
and Deception Pass, Of the total 37 tidal c:oostituencs available 
from National Ocean Surve_y, twelve were i n11:ially considered, .In 
the simulat1ons, tbe amplit:udes and phases c,f che two long period 
i,onat;l.t:ue11ts were set co z-ero since meteorological ef1;ects were 
not considered in this study. 

To investigate the numerical behavior of' simulated water 
surface elevation throughout Puget Sound, 2EI stations were 
considered. To compare silnul.ated ou:rrencs with predicted values 
based upon ·the harmonic constants, 38 curren,t stations were 
utiliz.ed. Tidal currents were reconstructed, based upon six of 
the tidal constitutents used at the open bo~mdary; there.fore, 
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four of the open boundary constituenos were not used to predict 
the currents. Consu.lt Schmalz (1986) for a discussion of bottom 
friction coefiicien ts. 

A spring tide occurred during .Tanuary .l<i-18, 1981 and ,ras 
used to ca.librate the model. While simulat,!d results at Seartle 
showed close agreement to predicted va.lues :ln. amplitude and 
phase, at 01Y111pia the simulated and pFefilcwd phase showed a .lag 
of 2-3 hours. 

Vertically averaged currents from the model, based upon ten 
short period cons ti tuencs, were compared rl 1:h values obtained 
from field measurements. The field da1:a we.:i:·e ana.lyzed. to 
determine the three largest semi-diurnal and diurn.a.l tidal 
constituents. These constituents 'le.re used to obtain a 
comparison inth tb.e numerical model. FigtirE! I I.6- 7 shows inter­
comparisons between current speeds computed from field data and 
from the numeric model at the four location~; closest to the ZSf's 
(Fig. Il.6-8). In three locacions the agreEtment is good 
(Saratoga Passage, Port Gardner, and in the Main Jlasin), wnile 
the discrepancy near Commencement: Bay betweun peak speeds is 
sizeable (approximately O .5 feet per second). Despite these 
discrepancies , it will be seen .later that the t'egional patterns 
of peak speeds predict:ed by this model are J'.n reasonable 
agreement with those computed from the hydraulic model. 

6.3 Current Strength 

The strength oi ,curr.ents in Puget Sound have been estimated 
i .n a number of ways. Various investigators have examined mean 
speed, total. variance, and peak speeds (Cox et al., 1984; 
Ebbesmeyer et al., 1984). These terms are d!efined as follows. 
Mean speed is the mean of all speeds in a cu.rrent meter recora 
regardless of direc·tion, Total variance i .s the sum of the 
variances determined for the t:i,o component directions (north­
south; east-west). The square root of the v·ari ance gives the 
standard deviation of the current which is another useful measure 
of current strength. As it turns out below it is nearly equal to 
the mean current speed. Peak speeds are estimated in various 
ways, some investigators determining the fas:test speed in a 
record and others looking for a high percentile, say the speeds 
that occur during a small percentage of time,. To simplify the 
PSDDA invest1.gation, relations were investigated between the 
mean, variance, and a selected percentile of the peak speed. 
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6.J.1 Interrelations between the mean, variance, and 
peak currents-

For this investigation nearly 200 curr,ent meter records were 
utl1-ized, using available mean, variance, and peak speeds. The 
terms are defined mathematically as follow:s: 

n 

1) mean speed ~ 
1 
n I: 

1 = J. 
Si , 

where S:l is the magnitude of the cu=ent vi~ocity and the current 
meter record contains n observations. 

2) Iotal variance= 

1 
u • n 

1-
n 

u1 • 

n 

'Z (ui - u)2 + (vi - v)2 • 
i • l 

1 
V • 1l 

where ui, vi are the east~est and nort:h-sc,uth components of the 
velocity, respectively. The rms (root meart s quare) speed ls 
defined as the square root of the total variance. 

3) Peak speed. For this study the peak spE:ed i s defined as the 
speed above which there are 1% of the obse1:vations . lo other 
words, if there are n observations in a cuz,ent meter record, the 
peak speed is the threshold above which thE:re· are 0 . 01 times n 
observations, 

Figures II. 6-l - IL6-5 sho,;, the locations in Puget SollI!d 
where currents were observed and utilized t:o determine the 
interrelationships, It can be seen that ms.ny of the obser­
vations were t aken in or near the ZSFs and that the observations 
occurred in environments varying from near the heads of bays 
where currents are weak, to the mid-channel areas where currents 
are strong, The observations were taken ov'er a wide range of 
depths and durations (Fig. 11.6- 9). 

Figures II.6-10, II .6-1-1-a, and ll.6-llb show graphs of mean 
versus rms speeds, mean versus l X speeds, and rms versus 1 % 
speeds, respectively. Linear regressions were computed .for each 
graph with the following resul ts , For mean versus rms speeds 
(Fig. II.6-10) there were J.70 records and the linear regressions 
explained 86.5% of the variance between these two quantities. 
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For the mean versus 1% speeds (Fig. II.6- Ua) there were 176 
records, and the linear regression also e.~plained 86.5% of the 
variance, For the rms versus 1% speeds (Fi,g. II.6-llb) there 
were 176 records, and the linear regression explained 77 .4% of 
the variance, Thes·e results indicate that the three measures of 
current strength are well co-rrelated, 

Given the correlations amongst t:he three measures of current 
strength, it appears that the equations of the linear regressions 
can be used to predict extremes from the mean value and total 
variance. The equations are as follows: 

1) mean vers us rms speeds: 
mean speed• 0.89 + 0 . 87 (rms speed) 

2) mean versus 1% speed: 
1% speed• 1.20 + 2. 67 (mean speed) 

3) rms versus 1% speed: 
1% speed a 2.97 + 2.40 (rms speed) 

In the above equations c1te speeds have been expressed in 
centimeters per second. 

For convenience in later intercompaziso11s the following table 
gives values of the three parameters at int•arvals of total 
variance used elsewhere in this appendix. 

Total rms Estimated Estimated 
Variance speed mean speed 1% speed 
(c:m2/ s2) (c:m/s) (emfs) (cm/s) 

25 5 5 15 
50 7 7 20 

100 10 10 27 
200 14 13 37 

6.3.2 Current strength in the ZSFs-

PSDDA placed current meter moorings st t:he existing disposal 
sites in Elliott Bay (Fourmile Rock) and Por:t Gar,dner. PSDDA 
also pl aced a mooring in the vicini ·ty of thE, prefe_rred site in 
Port Gardner. Table II.6-1 provides a summa,ry of these current 
meter measurements. 

The strength of currents in the Z.SFs was, calculated using che 
following parameters : 1 ) total variance coa,puced from fiel d 
observations taken, averaged over t:he entire: water column; 2) 1% 
peak speed for current meters located with i m ten me ters above 
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the bottom; 3) total variance computed tro~• observaeions lnade 
using the hydraulic model for spring tide c:onditions; and ,4) peak 
cu~tents during the extreme spring tide of ll-13 December 1985 
simulated using the WES numerical tidal mod.el. 

Ma,ps of total variance were computed using data throughout 
the water column (Figs. Il.6-12 - II.6-15) . Although these 
records were obtained at varying times aru:I depths, regional 
patterns are evident within some of the ZSEs, In the th.,.-ee bays 
(Port Gardner; Elliott Bay; and Commencemen,t Bay) there ar e 
comparable patterns graduating from l ow variance ( 20-40 c:m2 s-2) 
to values typical of the more rapidly flowing mid-channel areas 
(i n excess of 200 cm2 s-2). Observations are not available 
within the Saratoga Passage ZSF, but cwo stations have been 
occupied ill1lllediately to the north and south of the :ZSF. The 
variance at these sites ranges between 95-250 cm2 s-2 (Fig. 
lI.6-12). 

Because the total variance· may vary substantially with depth 
·and because current speeds near the bot1:om are of pi:ime 
import.a.nee to PSDDA, the U: highest speeds were mapped where 
observations have been made within ten meters of the bottom (Fig. 
II, 6-16), Unfortunatel.y , t:here are. very few meas-urements of this 
type except :in Elliott Bay. The 1% speeds vary from 17 
centimeters per second in inner lilliotc Bay, to '25 centimeters 
per aec.ond ;,.t Fourmile Roclt, to 35 centimeters per second near 
mid-channel. 

To interpolate bet:wel!I\ the sparse field data, regional 
patterns of the c=rent speeds were developed -from 1:he nume_rical 
and hydraulic mode.ls. Figures Il.6-17 - I L.6-20 show the fastest 
speeds 1.o the four ZSF areas obtained from ·the simulati on of the 
extreme spring tide of J:2 -13 December, 1985, The peak speeds 
deteniiined for: each grid cell were contoured in the vicinity of 
the ZSEs in Saratoga Passage, Port Gardner, Elliot t Bay, and 
Commencement. Bay. It should be remembered >tha t these values 
represent vertically a\o'ei::.aged speeds so thai: fluctua tions with 
depth have been suppressed, 

The patterns of the speed contol,lrs fr:om the. numerical model 
resemble those. of -variance in Elliott 8.tld C<>mmencement !lays 
obtained -from the field data, and they provJlde resolution to the 
patterns in Port Gardner and Saratoga Par;sage ( Figs. II.6-17 and 
lI.6-18) , In Saratoga Passage the extreme ,ipeeds general1y lie 
in excess of 15-20 centimeters per second in the vicinity of the. 
ZSF (Fig. Il.6-17). In Port Gardner there appears to be a zone 
of lower current.s southeast of Gedney ls-land where extreme speeds 
are less i:h!ln 10 centimeters per second (F1g. lI.6-18) . 

Total variance was also computed from oliservations made 
near the. water surface in ch.e hydraulic !llOde,l. Because tidal 
current.s at depth were of interest, the var1lance was computed 
fa, r;pring tides and low runoff. In this w,iy runoff effel'.ts 
would be minimal, and the tidal currents at depth wol1J.d be mos t 
rei'l.ecced in the val'iance maps and therefore, more comparable to 
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the results of the numerical model wich doesn' t include runoff 
effects. Observations were available for Elliott and 
Coillmeucement Bays (Figs. II.6-21 and II.6- 22) but, Ul\fortunacely, 
were not availabl<> for 1?ort Gardner and Saratoga Passage. It can 
be seC!n that the pat.terns are similar to those for the numerical 
model and the f1eld data. These similarities gave. i:he DSWG some 
confidence that the numerical model could detect the transition 
bel:Ween the quieter water in the bays aDd the stronger currt?ilts 
at mid-channel. 

6.4, Prevailing Currents 

nie historical data were examined to determine possible 
pathways by w!r.Lch the suspended sediment may be carried by 
prevailing currents. For this purpose the current meter records 
previously examined for current sttength w~re· also used to 
compute the prevailing currents expressed msthematically as 
vectors having a nee speed and direction. The computations were 
made in 60 meter dept:h iat,µ-vaJ.6 (Figs. lI. 15-23 - II.6-25). The 
following sections descr lbe the prevailing ,currents in the ZSFs. 
Section II. 7 describes the estimated amocn·t of dr,edged material 
transported by the prevailing curr ents. 

6.4.l Saratoga Passage-

l'he vertical distribution of the net cucrrents nas been 
previously summarized by Barnes and Ebbesme:yer (1978) and 
Ebbesmeyer et al. (1986) . Information is l,3cking to describe the 
borizonca1 patterns of the prevailing curreJ11ts . At mid-channel 
the vertical distribution (Fig. II.6-26) ma:y be described as 
follows, The surface layer contains a larg,2 amount of Skagit 
River water extending between approximately 0-10 ciete.rs, and 
flows southward along the mean axis of Sara.toga Passage. Beneath 
the surface laye1: the prevailing flow runs ,:ouncer to the surface 
flow nortnward along Saratoga Passage. 

Dredged material which remains suspendeil in the water column 
'fill thUB be transported in two major ilirec tions. Material 
remaining in the upper layer w.ill be quickl!f t1:ansported 
southward at the rate of approximately 0-5 1ailes per day 
depending on the depth where material becom13s suspended . Toe 
most rapid flow occurs near the water surfs,:e, and slow outflow 
occurs where the prl!V'ailing current changes direction between the 
northward and southward prevailing flol<S, Material remaining 
suspended in the deeper, inflowing layer wi:ll c.ravel northward in 
Saratoga P~ssage at a rate of approximately 0-1. mile per day . 
Therefore, because of the opposing flow dir,ictions of the two 
layers, i t is possible that ,;uspended mslter:lal will be di spersed 
over a distance of several teas of miles after several. days. 
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6.4.2 .Port Gardner-

The prevailing flow in :Port Gardner m1,i:;t merge Wit:h t:he t:wo 
flow layers found io Saratoga :Passage. However, few data records 
are available with which to construct thes,~ patterns. Figure 
I.I.6-27 contains hypothetical flw patterns inferred from tbe 
available data and locations of major rivers. 

In t.he shallow surface layer, on the order of 10 meters (30 
feet) deep, t:he discqiµ-ge from t:he Stillagt:1amish and Snohomish 
Rivers generally flow southward so as to mf!rge with the shallow 
outflow from Saratoga Passage (Fig. ll.6-2i'). :Based on the 
available data the prevailing direct.ion of surface and mid<ra ter 
current in <>entral Port: Gardner is toward t ,he southwest. 

The deeper layer originaEes offshore of Mukilteo and 
separates into two branches: the main branch continues north­
ward into Saratoga Passage, and a minor, we.ak br anclJ d iverges 
eastward :into Port Gardner. The flow continues councerclockwisl! 
following the bottom contours around Pore Gardner. The 
prevailing flow in central :Port Gardner is there.for-e est.imaccd t:o 
be northward and westward. 

6.4.3 £11iott Bay--

Ell.iou Bay ;idjoins Puget. Sound's Main Basin. At mid­
channel. in the Main Basin the prevailing flow (Fig. I!.6-28) is 
generally northward at depths shallower than approximately 60 
meters, and southward at greater depth. As one approaches 
.Elliott Bay from add--channe.l the prevailing flows generally 
become weak\!!" anq more variable .in direction. Th,is sumlllllry has 
been adapted .from reports by Hinchey et al. (1980) and by URS and 
Evans-Ramilt,m, Inc. (1980). 

The surface layer , containing a substantial amount of 
freshwater _from the Duwamish River , £lows n•orthward alo!lg the 
Seattle ,;,aterfront in the depth range of' ap·proximately 0-5 mec.ecs 
(0-16 £eet), At greater depth the prevail:lmg flows are ;,eak and 
errat.ic, but on -average t.hey appear to flow toward the head of 
filliott llay, 

In the vicinity of the inner Elliott Bay ZSF the .flow will 
generally be northward in the upper five me1ters because of the 
D.!wamish River, and ac greater depth water :flows slowly toward 
tbe Duwamish River. Io the vicinity of the Four Mile Rock ZSF 
t.he upper f:l ve meters of water generally co11tinue coward the 
north. At greater depth there appears to b,! a northward flow 
that merges with the prevailin_g f l ow loca to>cl toward lllid--chaanel. 

II-83 



6.4.4 Commencement Bay-

ln the ·approaches to Commencement Bay near mid-channel the 
prevailing f low (Fig. 11.6-29) is generally westward from the 
water surface to bottom ( Ebbesmeyer ec al., 1984). A shallow 
surface layer contains a substantial amount of Puyallup River 
water. This layer generall_y flows out of Commencement Bay and 
merges with the westward flow. At greater depths there .are two 
branches to the flow pattern. The major branch continues to the 
west feeding into The 1/a=ows. The minor branch turns counter­
clockwise and enters Commencement l!ay. The available data 
suggest that there are eddy-like prevailing flows within the Bay 
( Ebbesmeyer et al., 1986). 

Therefore in the portion of t he ZSF loc;Hed in outer 
Commencement Bay the prevailing flows are westward in the shallow 
surface layer and southward at greater deptln. 
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vicjnity of the Elliott B"Y ZSFs. The number by the 
dots indicate total variance of the currents 
(cm2s-2) averaged over the water column. 
(Source: EHI) 
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Figure lI.6-16 Measurements of the 1% fastest current speed 
within J O meters abov~ thr bottom . Number above 
the dots indicate total variance of the currents 
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Figure II.6- 23b Net current speed and direction i n Por t Gardner 
in the 60 meter to bottom depth range. Vectors 
point in the same direction of prevailing 
currents. (Source : EHI) 
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Figure ll.6-24b Net current speed and direction i n E l lioct Bay in 
the 60-120 meter depth I"ange . Vectors point in the 
directio n of prevailing currents . (Source: EHI) 
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7. FATE OF DREDGED MAT.ER.LAL 

Al thougn attempts were made to locate ·the disposal sites 
wbere the probability of deposition was hl1ghest, undoubtedly a 
small fraction of tne disposal material lrl:ll be transported 
beyond the disposal site boundaries. Tr-an,;port off site can 
occur through two mechanisms . First, a small amount of t he 
disposal material will remain io suspensi01~ after the main mass 
of material reaches the bottom, and the prHvailing currents may 
transport th.e suspended mater·ial, with SQl!IE! of it settl,ing beyond 
the disposal site boundaries. Second, the material that does 

r.eacb the botto111 >ritnin the di.sposal site 01ay become resuspended 
<1t a later time because of unusually stton8: curren t.s. For thesa 
reasons, the transport, or face, of previously deposited 
ma ter1Al s was considered. 

To determine the fate of the dredged ma.terial, the behavior 
of previous dredged material disposal, particularly those made in 
Puget Sound was :reviewed. Fortuitously, s c1me of these studies 
were made in the two ZS Fs in Elliott Bay. These studies, •and one 
made near L\lna Passage, as well as others c:ited in the 
literature, suggest a threshold speed of ap,proximately 0,5 knot 
(25 centimeters/second; 0.8 feet per second) above which newly 
deposited dredge macerials become resuspend.ed and may move out of 
the disposal site. This ubresbold co,rresponds co certain 
contours Qt! the maps prevJ,o®ly given foi; t ,he hydraulic 
characterJ.stics (mean speed ~ J.0 centimeters/ second; variance ; 
100 cm2/s2; and a peak speed of 25 centimeters/ sacond). 

7 .i Or edged Material Remaining Suspended in the Water Column 

A review of thi> lirerac-ure and discussions wi tn personnel at 
the Corps Watervnys Elcperiment Station indicate that while 
extensive studies have not been made of the amount of dredged 
material that remains suspended in the water column after a 
disposal operation ca. Jonnson, person~ Coinmunication), enough 
observations have been made immediately after a dsi.sposal event co 
give a relatively good indication. One was at Fourmile Rock, 
another was in Elliott: Bay, aod a tnird off t he Washington Co.asr 
at Gr.,ys Harbor indicate that the runount of material remainillg 
suspended in the· water column is approximat,ely one percent of the 
amount barged to the disposal site. 

'Ihe following description was adapted f ·rom Sche.11 et al. 
(1~76) who described the amow,t of material remaining in the 
water column after a disposal was made at C:he Fourmile R.ock ZSl'". 
For these samples no grain size analysis ~was done. However, 
recent ·measurements made by the Seattle Corps indicate that t he 
dreaged area is typically composed of black 9ilt contai~ing some 
strnd. 

11-119 



During March 1974, vertical profiles of light transmittance 
"ere made before and immediately after a dLsposal operatton at 
the existing Four Mile Rock disposal site. Figure lI.7-1 
presents the mean and standard deviation of fifteen trans­
mittance profiles made close to the locatlo1n of the d i sposal. 
Theae profiles show depressions of light transmittance that were 
app,i.rent.ly a ssociated trltb clouds of dredged material that "'ere 
evident immediately after the barge released the dredged 
material. Total particulate matter (TE,f) w:!iS measured within 
several clouds. The T™- values i n four clouds varied bet,,een 2-
5 milligrams J)er l iter compared with typical background values of 
0,5 - 1,0 milligrams per liter. 

The observations of particulates reioain:lng in the clouds lllllY 
be used to estimate the dredged material r emaining in suspension 
immediately a£ter a disposal operation . '1'111! -weight (W) 0£ 
material can be expressed mathematically as follows: 

where L, Wi, and H are the length, width, and height of a cloud, 
respectively; C is the concentration of par!:.iculate matter in the 
cloud; and N is the number of clouds result:lng from the disposal 
operation. 

Baaed on the observations ac Fourmile Rc,ck, C and N are 
approximately 5 milligrams per liter and four clouds, 
respectively. The value of H was typically ten me.tees as 
indinated by Figure ll, 7~:i. Observations oJ: che horizontal 
ertent of "ater parcels off West Point by 13,,ndiner (1975) suggest 
that L and 1'11 a,re on the order of 100 me teri, . Subs ti tu tin·g these 
values into the equation for W yields approld.mate.ly two tons. 
This is equivalent to only 0.2% of a typical 1000 ton disposal, 
or a slight amount. 

Schell et al. (1976) also considered a \l,ypotheti<:al vertical 
plume of suspended partlculaces extending from the barge co the 
sea floor immediately after -disposal. They estimated that, at a 
maximum, l:LS tons would r;emain suspended, a,r almost 1% of a 1000 
ton disposal operation . · 

The foregoing considerations suggest tha.t, on the order of 
one percent of the dredged material may remain suspended for a 
time after a disposal operacion, depending on the composition of 
the material. 

A study by WES made on 24- 26 February, 1976 ac the i nner 
Elliott Bay disposal si·te shoi,ed that the e1'feo:ts of the disposal 
operation were detected within 25 meters of the bottom 
(Bokuniewiez et al, 1978). Thi s occurred alter discharge of 1200 
o:ubic yards of b l ack, fine-grained, sandy organic silt in a depth 
of approx;l.mately 60 mete.rs. A small amount of material remained 
In suspens i on Within 25 meters of the bottom for aboµt "n hour 
<1Her the disposal (Fig. II. 7-2). 
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The as~umpcion that none of the dumped ·material .Ls lost: to 
the water body during convec,tive descent i,i supported by dredged 
material disposal moni coring in the lower part of Gi:ays Harbor in 
1982, in which no increse in suspended sedi.ment concentrations 
i,ere observed witlµ.o the water column at: a s cation located 1 , 000 
meters from the dump site (Trai,le and Johru:on, 1986). The fact 
that nothing i,as detectable indicate,; that loss co the .;acer 
column during descent was minimal. 

An 1mportanc factor in determining sedi.ment face is the 
composiuon of the sedi.ment being disposed. During the dredg:f.ng 
operation t:.he clamshell dredge can deliver sediments in .a near 
"in situ" condirion. The "clumpiness" of the clamshell sediments 
allows the disposal op~ationa to be more p•redic1:able I liiith 
sediment: fate more easily controlled (Corps, 1986). Tests have 
shown chat: this marerial, disposed of by dumping, tends to remain 
more or less int:act and falls 1:o the bottom as a mass at a high 
race of speed (Fig. ll.7-.3), These clumps att:.ain rheir te=inal 
velocity qaickly after release from a barge and do not accelerate 
further "1th depth . After impact, the material breaks up and its 
ultimate dispersion is dependent on ambient currents and bed 
slope at the point of impact, 

In another, more recent, experiment by WES ntlllleriaa.l modeli ng 
was used to predict the behavior of dredged mater'ia.1 {Adamec et 
al., ].986). The mode.1 assumed that disposal took place in 265 -
400 feet of ,rai:er. Each barge load contained 4,000 cubi~ y~rds 
of sedi,meot which was composed of 25% i,ood chips, 22% sand, and 
53% silt-clay (bulk density 1.25). Sediment properties were 
assigned based on East Watenmy, Everett Harbor, sediment 
characteristics. Model coefficients for bottom friction and 
diffusio11 Wj!re based on calibradon using irrevious Elliott Bay 
data witli modifications to reflect changes in depth and water 
currents. 

Seven surface barge dump model runs wer,e made with -varying 
currents and sediment compositions. The pr,edictions of percent 
of the sediment fractions and rhe total per,cent remaining in near 
bottom suspension 3600 seconds (60 minutes) after disposal are 
presented in Tabla II. 7-1. For all sets of current and material 
compositions, the total percentage of sediment remaining in 
suspension longer than 60 minutes ..as about two percent of the 
total (varying between 2,3% and 1.2%; Ademe,c et al., 1986). Ia 
areas of low current, a large portion of th:ls suspended ma·teri al 
will eventually settle in the disposal site . Note that these 
estimates do not incl ude any material that ,na_y have been stripped 
from rhe descending mass of material (previ1Jusly estimated at 
approximately 1%). 

Based on current data <lOliected at the ;proposed Navy site 
(Nortec, 1986), tbe medial current speeds v.,u;y from approxi­
mately 0.26 feec/secood at the surfac,;, tQ 0 . 11 feet/second near 
the boccom. The sediment remaining in susp,~nsion longer than 
3000 seconds was 1.3:i:. A single model run ,.a& also conducted 
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for a surface dump of contaminated material. in a depth of 400 
feet • .The t:esul ts indicate 2.3% of the mat,erial. 1:emains in 
suspens:Lon after a time period of .'3600 secQnds. It should be 
noted that this figure 1s probably at tbe a-ccuracy limit of cite 
currently available models. 

'l'he model results also iodicate that it is the sand fraction 
that had the longest settling, time. In the actual disposal 
process, as t:he clay/silt: particulates floc1:ulate and fall 
through the water column, with a settling v,eloc.ity greater than 
that attached to the sand fraction, they wi:Ll. probably entrap and 
carry a significant portion of the fine sand to the bottom more 
rapidly than depicted by the model. The ab:Uity of the model to 
accurat:ely portray the ma.cerial fate decre8"sea as the percent of 
material in suspension decreases and as the time of the 
simulation increases. At the point where ·the percent suspended 
becomes less chan i:wo percent and the time <?Xceeds 3600 seconds, 
ocher wiaertainties such as how much materi,tl dissociates from 
the cloud in the descent phase and the inlluence of turbulent 
diffusion become extremely important factor,; . 

Although t:he models do need additional Jfield verification, a 
wide range of data verified that the models do compete the proper 
behavior of dredged material disposed at O!)(en-water si•t.es 
(llokuniewt.ez et al., 1-978). In these field studies, \;/ater depths 
ranged from 60 to 220 feet and dredged material included dense, 
cohesive silt-clay dug with cla111She1l buckel:s as well as sand and 
dilute silty material from hopper dredges. The quantities 
released ranged from 30 to 6,000 cubic ya.:rdu. In all cases, it 
was observed that less than one percent: of 1:he descending mass 
was stripped from the, descending cloud, Wi1:hin a few minut:es 
about 95 pei:cent of the material had settled to the bottom within 
a radius of .:1 few hundred feet. The marlmun1 thickness of the 
bottom surge '185 about 15 percent of the wat;er depth fo ail 
cases. Thus, for a depth of 400 feet, for !:he typical PSDOA 
site, the maximum 1:hicknes" of the collapsing cloud on the bottom 
would be about 60 feet., or 18 meters. Asswning the worst ca.se of 
particle settling of O .0017 feet per second yields a time of 
about 35,300 seconds (about teo hours) requtred for the remaining 
five percent to be deposited. In a site r hut has .a rad'!us of 
ap.proximately 2000 feet, with the disposal ;:one at the center. 
and a bottom current of' 0 . 1 feet per second (3 cenci.meters per 
second), a time of 20,000 seconds would be 1:equired to transport 
a sediment particle out of the site. Thus, an additional two co 
three percen·t of tne dredge material will be, deposited within the 
site, leavin'g two to three percent that will. be transported 
beyond the site. 
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7.2 Resuspension Probabilicy 

Current velocity affects the distr1but1.on of sedimenc 
particle sfaes in unconsolidated soft bocu,m material. Coarser 
sedimencs a:re associated wi'ch higher currentt environments, wh.ile 
fine-grained sediments are associated wich lower energy 
environments, For example, a current veloc:icy of 0.4 knot (20.6 
centimeters per second) will shi'ft ordinary sand along the 
bottom, 'While a current of one knot (51.5 c:entimeters per second) 
will shift fine .gravel. A current of 2.15 knots (lll centimeters 
per second) will move coarse gravel 2.5 cen,time ters 1n diameter, 
and 2.5 knots (180 cencimeters per second) will move angular 
stones up to 3.8 centimeters in diameter (Mloore, 1958). 
Therefore, to a substantial degree currents determine the 
grain-size d.1s ttihution of sediments. Figure. II. i-4 illus traces 
the relation b/,cween current velocity and 1 ts potent.ial co 
deposit, transport, and/ or erode sediments of various grain sizes. 

Studies of mounds of dredged material have been conducted to 
determine if the material was transported fro.m the initial 
disposal site. Examinations were made of disposal s at t:he ZSP in 
inner Elliott Bay, the disposal area in outer Elliott Bay off 
Fourmile Rock , and near Dana Passage 1n southern Puget Sound. 

Fortunately these three studies span a wide range of current 
speed snd embra<?e the threshold for movement of d.redged 
material. In inner Elliot·t Bay the currents were coo weak to 
resuspeod sediments; at Fourmile Ro~ the currents occasionally 
resuspend some dredged material; and at Dan.a 'Passage pnotographs 
of the dredged material on the bottom clearly demonst~ated that 
the material is resuspended abave the chres,hold of 25 centimeters 
per second. 

7.'2.1 low Current Regime - Inner Elliott Ba:y-

The River and Harbor Act of 1970 authodzed the Dredged 
Material Research Program (DMRP), a compreh,ensive, nationwide 
study of dredged material disposal. The llil!U' studies included a 
site in the ZSF in inner Elliott Bay (Fig. il. 7-5; Sweeney, .1978; 
Tatem <tad Johnson, 1978). This site, monit,ored for approximately 
four years after disposal in 1976, -was sele,:ted for long-term 
monitoring under the Dredging Operations Te,chnical Support (DO!S) 
Program. The studies were intended co deteirmine jf the disposal 
material remained at tne disposal site. Th:ls summary is based on 
reports describing the Elliott 13.ay work by ]Dexter ec al.. (1984) 
and Tatem (1984) . 

An accidental spi.1.l of 984 liters of PCB occurred in t:he 
Dtlwam'isn River in September 1974 (Tatem a(ld Johnson, 1978) and 
settled in bottom sediments. The PCB coo.taroinaced sediments wer e 
r-emoved by dredging where mos t of the mater:lal was removed using 
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DOTS seudy was ,::hat much of the dredged mat:erial from the 
J:uwamish River had been distributed deeper in the sediment layers 
due to biolo.gical activity, while natural sedimentation covered 
some of the material. Using the highest total PCB values 
obtained from all of the sampling stations, Dexter et al . ( 198.4) 
constr-ucted contour plots of PCB concentra t ions in che area of 
the d i sposal site (Fig. l I. 7- 6; da ca con tour s of che February 
1979 reconnaissance cruise only). Elevated PCII levels were 
clearly associated with the sedime111:s at the disposal site, The 
range within the disposal grid was 0 . 46 parts per million to 7 .73 
parts per million total PCS ( total PCB abbreviated hereafter as 
t-CB) on a dry weight basis, Trichlorobiphenyls (abbreviated 
hereafter as 3-CB) were at higher levels in the d r edged mace.rial 
than background s ediments. The 3-CB levels of 0.3 to 0.4 parts 
per million 1n the mound were approximately three to four times 
higher than other areas of El.1.iott Bay. 

The PCB data from the reconnaissance c~uise of February 1979 
l.ras subjected to cluster analysis and sh<Jli'ed that the majority 0£ 
t~ disposal site samples fell into one gro1up; samples high in 
both t-CS and 3- CB with some discrepancies. Some stations _from 
t he corner areas of the disposal site did n1Jt fall into this 
group whereas some outside stations did. 1\,o central stations 
showed some surface material that did not f,3ll in to this group as 
would be expected. The .following tabulatio11 compares data from 
the DMRP study on PCB levels in the upper 10 centimeters of 
sediment at the cenl er of the. disposal grid with data from che 
DOTS study. The comparison indicates that 110 major changes 1n 
overall Pell levels occurred through 1980, .[n general, the PCB 
analyses supported the reeul ts of the sedim,ent texture analyses 
and indicated that the dredged material mound had not changed 
since the lliRP studies . 

Study 

oo:rs 

Sample Ila te 

Har 76 
Apr 76 
Jun 76 
Sep 76 
Dec 76 

May 79 
Ott 79 
May 80 

U-125 

t-PCB (ppm) 

+ 2 . 20 + 1.2 
2,13 + 0.9 
2. 19 + 1.1-
2.94 + 1-3 
3.44 - 2. 1 

+ 2.58 - 0 . 59 

2.70 + 
2.21 + 0 .89 
3.54 - 2,4 

2.82 ± 0.68 



special dredging techniques designed co min.imize release of the 
material to the water, during February 17 - March 6, 1976. Some 
of che upper Duwamish contaminated material was dredged and 
placed ac the experimental test site which coincidentally falls 
with.in the inner Elliott Bay ZSF.. 'The PCB was a tracer of !:he 
sediment allowing documentation of the location and movement of 
the dredged material, 

Approxima·tely 150,000 cubic yards of sediment i,as removed and 
subsequently deposited in the test disposal site (Fig . II.7-5) 
using tandem 500 - 700 cubic yard ca-pacity barges "1th bottom­
op-ening doors. The depth at the disposal sice was appro:<iinately 
200 feet. 

The !!!RP studies examined various envir,orune.ntal samples taken 
before, during, ape! nine months after the dispo.sal operation of 
February-March 1976. Sampling stations for the DOTS study were 
chosen at and near the previous dis-posal site stations. Other 
stations both within the IJMRP sampling grid as well as in the 
surr.ounding area were chosen in a random faqhion, Four separate 
cruise,; ~e conducted in t:he vicinity of tine disposal area: a 
reconnaissance cruise. in February 1979.; and cruises !n May 1979, 
October 1979, and May 1980. 

Ba.thymetric surveys made by the Corps S,eattle District we.re 
used co c:onsc:ruct bottom con1:our maps of th,e Elliott Bay disposal 
area. '!he disposal created a mound of dredged material 2.0 - 2,5 
mete.rs (5 ,5 - 7 .0 feed in height: near the. ,center oi the disposal 
area. The bathyme.tric data i .ndicated litt:lie or no change in the 
disposal area between 1976 and 1979. 

Currents at. the- disposal site 1ile!'e meas1Jred using current 
meters deployed at selected d:l.stances above the bottom. Extreme 
value sta1:1stics, which are maximUlll one yea,c current speeds as 
described i-n Hinchey et al. (1980), were esltimat:ed to determ.ine 
whether the currents we,;e sufficiently atrong- to transport the 
sediment. It was observed that the sedimen1: was generally 
cohesive and difficult 1:0 move. The data indicated that the 
currents were weak, moved primarily in resppns~ to tidal 
fluctuations, .and.appareni:ly did not move mt\ch of the sediment; 
therefore, the area could be characterized as depositional rather 
than erosional. It is possible that some sJll t and clay could 
have been suspended or resuspended for a s~1ll percentage of the 
time; however, bottom photographs were. very clear, indicating 
little re.s48pens'ion of sediment particles. 

Earlier work at this disposal s!te ind1c:ated tha t the to ca.I 
PCB l~els and 1:be type (degree of ahJ.orinal:.l.on) of PCB could be 
used to discriminate between dredged mater:L!!,l and the natura.l 
sediments of Elliott Bay; however, sediment analyses for l'C.ll 
showed a bigh degree of spatial beterogenei i:y. In some cases 
samples from the same area,, SeBarated by reJ,atively minor 
vertical or horizontal discances, showed laz•ge clifferences in ~CIJ 
concen~ation. This made lt difficult to es,tablish trends and to 
delineate me disposed material. An earliei· conclusion of the 
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Analysis of the complete cla ta set £or the wate.r--column 
samples indicated no signil!cant: difference.{! becwe= PCB levels 
in eit her water or sus p1o11ded particulates for che various 
stations. These PCB values were not: related to any previous 
disposal of contaminated dredged material. 

The results of the Jl.llU' and IlOIS studies, indicated that the 
dredged macertal depos,tted at the ZSF in inner Elliott Bay was 
stable bo t h pilysically- and chemically over ,., iour-yea:r period. 
The disposed material apparently has not be,m moved by currents . 

7. 2.2 rncermediate Current Regi me - Fourmil.e Roel.-

Doring Septembrr 1974, a core was retrie,ved .from the Fou:rmile 
Rock disposal site (Schell et al., 1976).. ~, visual examination 
of this core showed deplet ion of fine partic~es (silt and clay) 
in the upper layers . The core was sectioned. and dated by 
Lead-210 (21 0.Pb) dating tecbnigues, and then. analyzed for trace 
metals. Trace metal concentrations versus d.e pth .in the core and 
th.e 210Pb va.,l.ues used to determine the sediu,entation rate are 
snown in Figure I I.7- 7. 

For determination of sedimentatioo race, the cores we.re 
divided into one centime t er secti ons, and the ZlOPb activity in 
eacli section determined by alphaspectroscopy. The 21 0Pb activity 
present ed in Figure II. 7-7 shows three separ·ate part:s : 1) f.rom 
the surface to a depth of 7 centd.meters wher·e the 210.Pb ac t .l.vity 
increases with deptb; 2) from 7 to 21 cen t imeters che 210Pb 
ac t ivity remained constant; and 3) from 21 to 42 centimeters the 
210Fb ,activity decreased wich de~th. The third section 
represents what was believed to be the natural 210Pb 
concentrations in tbe sediments because tbe values dec.rease in a 
predictable manner . The second section suggested recent deposits 
of dredged material because the 210Fb content is nearly constant 
with depth . &bell et al. (1976) suggested that the finer 
material, containing most of the 210Pb, was carried away by 
bottom currents as indicated 1n tbe #:rst sect ion of the curve·. 
They cited the trace metsi profiles presented in Figure I I. 7-7 as 
further evidence of the erosion. 

7. 2. 3 Bigli Current Regime - Pana J?assage.-

Between July and December lg72, a dredging experiment was 
conducted i n which approximately 20,000 cublc yards of mater ial 
was dredsed f r om Olympia Harbor, transported by hopper barge, and 
released in i:}le vicinity of Dana Passage (Sternberg and Collias, 
1973; Fig. II.7-8) . The disposal site was situated in a water 
depth of approximately 108 feet on a small pla.eau in an area 
cbaract eriied by relatively strong tidal cur·r en ts ani! a berl of 
med l um sized sand. 



Darta eassage is a relatively large cidal channel located i n 
southern Pu~et: Sound (Fig. II. 7-8). The channel is approxi­
macely tlro miles long, 0.5 miles wide, and 120 feec deep. The 
cidal flow ebbs pr,.dom.inantly from the sou1::hi,esc through Dana 
Pas·sage and chen turns southward toward Nisqua.J.ly Reach. 
Historical current data collected by Cox et al. (1984) show that 
1:he tota.J. variance of the current lies in the -range of 200 - 1000 
cm.2 s-2; t:hecefore, these currenl:s are muC:h stronger than ac 
Foundle !lock and inner .Elliott Bay. 

The disposal area is located ne:,r t:he n,~rtheast entrance to 
Dana Psssage. The b11thy:metry 1n c.his regio1l is relatively 
comple.-.: consisti.og of sl\allow and intervening depth areas. The 
dredged material coo,sisted of silt:- and cla'.7"'111zed particles and, 
due to its textural d;!.ssimilarit:y rlt:h the :Local bottom sediment, 
could be easily identified via standard gra;ln size analysis at 
the disposal site. This experiment present,~d a unique 
opport:unity to observe the fate of newly de1?osi1:ed dredged 
ma terisl in an area having strong cida.l curi,e11ts. 

On 10 August 1972 samples were collectec! a.t. 39 stations using 
a van Veen Grab Sampler. All. samples were uubjected co a 
standard size analysis to determine the tex1:uval characteristics 
of the bottom sediment prior co disposal. The mean size varied 
frOJD gr·so.ules and pebbles with1.n Dana Pas-sage, to medium and 
coarse sand ac the disposal site. Silt and clay-sized materials 
occurred north and south of the di'sposal. site. The distribution 
at Q!ean grain size appears to be well correJ.ated with the t:ldal 
currents 1o t:he area. Sediments are very coarse within che 
chSMel where currents are strong; medium cc, ve.ry fine sand in 
the vicinity of the disposal site; and .E:!.o.e in the ~djacent 
inlets where currenta are weak , 

During the disposal opeJ."a tion in.dividuaJl samples of the 
dredged ,nater1al were collected from the. hopper barge. Size 
analyses gave a compost ce textural profile c,f the dredged 
material <nth a mean grain size of fine silt:. The four bottom 
samples surrounding the disposal site each ~:ontaioed greater than 
58% sand and .less than 15% clay, whereas chu di;edged Jllaterial 
contained less than 35% sand and greater th,in 15% clay. 

Cun-enc meter station-a WeJ."I! maintained 1.n the vicinity of the 
disposa.l site in October, 1972. A tripod 1DC1Untea current meter 
system was sec on the bottom about 1., 200 fee,t west of the mn:rker 
buoy established as the disposal site. The bottom tripod was 
designed to ciensure current speed, direction,, and pressure 
fluctlllltion,; one meter above the sea floor e,ach half hour and to 
take a photograph of the bottom. 

During the experiments five loads of dre,dge material 11ere 
dumped. Analyses of the photographs of the bottom indicated that 
turbidity varied from very 1011 to very high. Io some instances, 
cloudy photographs resulted from the actual dumping ope,atioo, 
while in other instances bottom currents wer•e sufficignc to ceiu:se 
erosion and thus creace l,igh turbidity. 
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The rel ationship between bottom current speed, occurrence of 
disposal operation, and relative. turbidity nre illustrated in 
Figure I I. 7-9. The arrows over the cop of e,ach curve labelled 
·•o" refer to times of disposal o_perations. The arrows tmder each 
curve refer to the degrees of twbidity (S , s maJ.l; M, medium; H, 
high; and VH, very higll). In all other bottom photographs 
signifi cant tur.bidity was not observed. High turbidity levels 
associated with disposal operations can be .'1een at 1200 and 1700 
on Oc,tober 6 and at 1500-1800 on October 12. Since the tri_pod 
was, located downstream from the disposal site on the ilood tide, 
no turbidity was observed in association wit:h the disposal at: 
1 709 on Oct ober 5 because it coincided with the beginning of an 
ebb cycle. 

High turbidity levels resulting from bottom erosion were 
observed the f ollowing times: 0130 and 1300-l fiOO, Oc caber 5; 
0200 and 1400, October 6; 0000 and OS00-053CI, October 12; 0000 
and 1800-1830, October 1 3. The results suggested that these 
turbidity maxima resulted from the erosion o,f the dredged 
material. The size characteristics of the ma.terial would dictate 
that it be transiiorted in suspension li eroded; whereas t he sandy 
material normally £ound in this area should move as bedload 
considering its si.ze characterist:Lc;,; and the observed cu=ents 
(Sundborg, 1967; S·ternberg, 1972). 

Ali occurr ences of turbidity caused by erosion ,.,,,,-e 
associated with bor=tom currents r anging frolll• 0.46 to 0.56 knots 
(0 . 8 to 0 . 9 .feet per second). This apparent ly· repr esents a 
threshold speed for e rosion of the newly dep,osi te,d dredged 
material. As dewater ing and consolidation of the dr edged 
material deposit occurred, higher bottom cur~ents will be 
required to cause erosion (Southard et al., 1971). 

7.J Determination of the Threshold Speed 

Considered tosether, t hese three examples were used to 
determine the threshold speed at which £utur,e dredged material 
will be transported in the ZSFs , The sedime,nts of prime conceTit 
are the macerial.s containing large amounts of silt . 

The characteristics of sediment s previo~sly dredged in 
Everett llarbor. and Hylebos 1,aten,ay· ( Table I I ,4- 1), i ndica t ed 
substantial amounts of medium silt to clay t;ype material will be 
released in t he Port Gardner and Commencemen't: Bay dis_posal 
sites. Fortunately, the observations near naoa Passage and off 
Fourmile Rock both apply to dredged material b,aving subst-antial 
amotlhts of silt (1.e., earl ier it was noted thst the Dana Passage 
dredged material bad a mean grain size. of f i,ne silt ~ and the 
Fourmile. Rock dr ed.ge ma·terial had been depleted of silts and 
~ays) . 
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The most direct obse'Nation of the. threshold for re­
suspension comes from Oana Passage where a :speed of 25 centi­
meters per Second was sufficient to resuspemd the fine material. 
Fourmile Rock has 1% extreme speeds within 5 -6 meters of the 
bottom equal to 22-27 centimeters per second (Fig, J:I.6-16). If 
the threshold seen at Dana fassage is equat,~d co a 1% speed, then 
the regressiQD -i.n rhapter II.6 )'1elds an rll!Js speed of l◊ 
centime·ters per second or a total variance i,-f 100 cm2 s-2. In 
other words the threshold would be exceeded· onl.y 1:Z of the tl.me, 
at an average rate of a _few hours at a time., or 3. 7 days a year; 
there.fore, i t was estimated that recently d,:posited dredge 
material would undergo l ittle transport in areas where the 1% 
speed and total variance are less than 25 c,mtimecers per second 
and 100 cm2 s-2, respectively. 

The threshold speed chosen for PSDDA is approxima.tely equal 
to the speed at which silt begins to be transported by currents 
as shown from earlier work in Figure ll.7-4. However , recent 
studies in Puget Sound have shown that after a time the threshold 
speed may increase because of "biologiruil armoring." ln these 
studies Striplin et .al. (1985) lowered a f lume into the bottom at 
600 feet depth i n Elliott Bay and slowly inc:reased the speed 
within the rlllll!e until the silt material on the bottom began to 
erode. Video photograp1\s were made of the bottom as it began ,:o 
erode. Repeated experiments sho,,ed rltat erc,sion i,as slight until 
speeds of 40-50 centimecers per secoo.d were reached. In that 
speed range substantial amounts of bottom se:diments began to be 
·tran·sported by the currents in the flume. 1:he photographs 
indicated that the bottom was bound together by some biological. 
activity. Apparently the working of the sediments by benthic 
organisms caused the bottom to be bound together. Although these 
experiments were of a preliminary nature, the threshold .speed in 
l'uget Sot1nd apparently increases from 25 centimeters per second 
for ·oewly depositer materials to approximately 50 cenctmete,s pee 
second after the materiaJ. has been in place for some time. 

7.4 Dilution of Suspended Material 

The results presented in sect.ion 11,7-1 indicate thac 
approximately one percent of the dredged material may remain 
suspended ill the water column beyond the bound,iries of the 
disposal zones, This i .s the materi.sl tha t is sttipped fr01;, the 
dredged material. as it descends to the botto1m. To evaluate the 
possiole 1.mpsct:s of this material it was ass·umed in the worst 
case that it remains suspended for enough time co be transported 
by the prevailing currents throughout the c:J:tree embayments (Port 
Gardner; D.liott Day; and Commencement Bay). Because the 
curreor:s .are weak and variable in these embayments and because 
of the few data available, it was not poss1b.1e to evaluate 
prefe:r:red locations to which the suspended m,gterial might be 
transported , Thetefore it was assumed that the suspended 
material will eventually settle within the embayments . This is 
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considered a worst case because some of the material would 
probably be carried out of the embayments into greater Puget 
SolJild. 

The potential impact of the suspended m,1terial was eva1uated 
by considering its dilution defined as 'the 1rat:io of the natural 
sedimentation divided by cbe suspended dredged material. The 
dilut:ion was expressed machematically as 

AX r 
n • 

-,(,...Ml""S"'"'/"'1"""5.-) -x-,-(-=-o """. 0~1-.-) ' 

where A is the area o_f tile embayment (squan, kilometers) , r is 
the natural sedimentation (centimeters per year), MJ.5. is the 
amount of dredged material to be disposed al' during 198S-2000 
(cubic yards, converted to cubic meters), an.d the factor 0.01 
represents the 1 % of the dredged material th,at remains suspended 
in the water column. 

TABLE II.7-2 ESTll~ATED DILUTION OF SUSPENDED DREDGED MATERL4L 
FOR Mll AND ML2 CATEGORIES OF MATIRIAL. 

Embaym!!nt Ar!!a ~position Dir edged Dilution 
(km2) Rate (cm/year) !1iaterial 

A r* (cubic yards D 
1985-1999) 

Port Gardner 34 0.86 2,690,000 214 

Elliott llay 14 2.14 5,ll9,000 us 
Commencement Bay 29 1.81 3,270,000 319 

*From Iavelle et al. (1986) 

Table -II. 7-2 lis t s the estimaced dilut101ns and the factors 
that were used to evaluate them. MIJ. and ML2 categori es of 
material are de.fined in the EPTA. 

In the evaloation it was further assumed thac categories MLl 
and ML2 dredged materi als- wil1 be deposited in the disposal 
sites. Given the r,revious asstimptions the estimated di l utions 
range between 115 for Elliott Bay and 214 fo'r Port Gardner, to 
319 for Collll!lencement Bay. 
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The foregoing calculations indicate cb,1t if the material 
stripped from the descending mass were to be evenly distributed 
throughout the sedi!llents of the embaY!lJents, it would comprise 
ben.een 0 .3 and 0.9% of the bot tom sedi!llent:s .. Since the 
suspended material will not be distributed evenly it is possible 
that higher concentrations may be obtained in l ocal areas. On 
the other hand some of the material may be transported out of the 
embayment:s thereby increasing the estimated dilutions. Probabl y 
1:he most that can be said is that ·the concentrations of suspended 
lllaterial in local @ediments beyond t:he disposal site is on the 
order of one percent. Since the dredged material is defined to 
be clean it is not expected that this amount of material will 
cause detectable ilnpacts on benthic colll!llunities. 
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TABLE !l, 7-l RESULTS OF MODEL RUNS FOR DISPOSAL OF ONE BARGE LOAD OP CONTAMINATED 
MATERIAL AT THE SURFACE AT MODEL TIME 3600 SECONDS (60 MlNUTES) . 

Pere en Lage Re maLning i.n Suspeosion Oeposi lion 

CurrenL Clump 
Depth speed faclor Sand Sill- Clay Wood Co111poslte Area 

Run { ft) { fps) (%) { %) (%) (%) feeL 

I 265 0. I 0 0.7 2.0 0 l. 2 800 X l000 

2 265 o.s 0 3.6 2.0 0 l.9 800 X 800 

3 26,5 0. I 30 0.8 2.1 0 1.3 800 X 800 

4 265 o. 5 30 J.i 2 . 1 0 1.8 600 X 800 

5 265 0 . I 50 0 .8 2 .. 2 0 I . 3 600 X 600 

6 265 0. l 70 0 . 8 2.3 0 I. 3 600 X 600 

7 265 s L nl lfied 0 0.6 
(0 .2 max,) 

2.1 0 1.2 800 X 800 

22 1,00 0.l 0 l. I 3.9 0 2 . 3 

(Source: ADAMEC eL al., 1986) . 

Maximum 
Thic~ness 

(EL) 

• 1 7 

.26 

• 16 

. 24 

• l 7 

.6,0 

.49 
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Figure II .7-1 Light transmittance versus depth in the Fourmile 
Rock disposal area, mean (solid line ) and standard 
deviation (dash<!!d lin<!!:s) of percent light 
~ransmittance. Dotted lines represent depressed 
light transmittance wi 1thin selected clouds of 
suspended sediments. 1!Source: Schell et al . • 197 6 ) . 
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Figure II.7-2 Contour diagram made from tran:smlssometer profiles 
(10-centimeter path length) and converted to 
suspended sed.i.ment concentration f -or a 60 minute 
period starting 20 minutes aft,er the 1440 hour dis­
charge on 24 February 1975. Observing vessel was 
approximately 26 meters downstream of discharge ~ite. 
(Source: Bolcuniewicz et al., 15178) 
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Figure II.7-3 Modeling r,oncept for instantaneous surface release 
of dredged sedimen ts in deep water. 
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Figure II.7-4 The relatlonslup between current velocity and 
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8. BIOLOGICAL RESOURCES: BENTHIC HABITAT/C:HAR.ACTERISTICS 
MAPPED WITH GRAB, SHR.DiP, AND BOTTOM.FISH ASSESSMENTS 

8.1 Objective 

The distributioqs o_f fungeness crab, shz·imp, and bottomfish 
"1ere !ll!lppetl in the ZSEs from data obt,ained during cruises in 
Eebr,uary I April (Port Gardner only), June, a,nd September, 1986. 
·Toe objective was to select disposal sites ln areas having a 
minimal. impact on populations of these anima.ls. Based on the 
data available, disposal in an area with a Dungeness crab density 
of 100 crab per hectare (or less) is considered a minimum impact 
area (Cahill, 1986,). The data for Port Gardner was obtained 
through. the tJ. S. Navy homeporting studies, data for the other 
areas came from PSDDA studies. The followia,g sections are based 
on reports by Dinnel et al. (1986s-h) . 

8 . 2 Background 

A key factor in locating PSDDA' s disposal sites was an 
assessment of important fisheries resources including Dungeness 
crab, shrill1p, and bottomfish. Fach of t hese groups is known co 
use Puget Sound for feeding, growing, and re producing. 

Dungeness crab have been the object of commerciaJ. and sport.5 
fisheriee on the !Jest coast of the 1/Q!ted States since 1848 
(Dahlstrom and Wild, 1983). With the exception of a few early 
studies in !:he 1940 ' s and 1950's, mosc of the studies 
s pe•ci.fic-ally designed co understand !Xingeness crab have been 
conducted in the la,;t i:wenty years. Of these studies, only }~yar 
(1973) and .English (1976) have addressed the locally important 
crab :resources of the inland waters of Puge t. Sound. Ironically, 
i:t is these areas that have experienced some of the grea ces t 
increases of urbaniza tlon, industrial de\/elo pmeD't, pollution, and 
fishing pressure. 

A historical perspective on ~geness crab present in Port 
Gardner during winter is availabl e from previous work by Fnglish 
(1976). Average catches of Dungeness crab for duplicate beam 
trawls a t nine s tatlons, stratified by depth. ( i~49·2 feet; 
cngl.ish, unpublished data), "ere: 



TABLE .II.8-1 HISTORICAL AVFRAGE CA:rCHES OF DUNGENESS 
CRi,B (PER HECTARE). 

Date Male Female Total Crab 

6 Feb. 1974 10 9 19 

5 Feb. 1975 145 .30 175 

12 Feb. J.976 14 21 35 

(Source: T. S. &lglish) 

The drama.ti.a and sustained depression oJ: crab resources 1n 
the San Francisco Bay area from the early l 960's to the present 
1s a reminder chat fishery stocks can be fragile, Al though the 
dec:line 1n San Francisco Bay crab ato'cks may be partially 
attributable to changing natural oceanographic condltions (Wild 
et al., 198.3), other· impac ts have been iden1tified which ware 
related to loss of nursery habitats and poLllution (Wild and 
Tasto, 1983; Arlnstrong, 198.3). 

Though JA.10ganess crab are widely distrilrnt::ed in Puge t Sound 
an.d constitute a commercial fishery of 1,3 Ito 2.0 million pounds 
annually (PMFC, 1982), littl,e 1s known conc,!rning their 
distribution and habitat preference. Recenltly Weitkamp et al . 
(1986) inve1,tiBc1ted the distribution of l).mgeness crab in the 
shallow waters of Port Gardner. Studies of northern Puget Sound 
have shown that several life s t::ages also utillize marine areas co 
depths of 400 feet (Dinn el et al., 1985a). These life stages 
include growing and molting young and maturn adults, females with 
and without eggs, and possibly mating pairs.. The northern Puget 
Sound data also suggest t hat certain babital:s attract 
aggregations of crab for unknown reasons, a llthough st:udies of 
coastal estuaries indicate a strong dependence of sma.11 juveniles 
on habitat (Armstrong and Gunderson, 1985). Therefore, an 
assessment of the disposal sites was necessary to determine if 
these areas are used by crab. 

A critical concern during 
populations become important. 
address; it is a complex issue 
baseline inlormation needed to 

PS ODA was the level at which animal 
This concern 1s difficul t to 
and there is a general lack of 
interpret th,! available data. 

After a review of available data, D. Ar,ost.rong and P. 
Dinnel ( personal communications) determined that the average 
background concentration of crab population!; was approximately 10 
crab per 1000 square meters in the northern Puget Sound area. 
They found that there probably will no t be a. time or place where 
there will be no crab. Therefore, fu ture d1redge disposal 
operations will inevitably have some i mpact on crab populations . 
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!Jowever, on a tentative basis, average crab densities of cen or 
less per 1000 square mecers is considered mi.nimal. Since there 
are 1() ,000 square meters per hectare, areas having less than 100 
crab per hectare were considered to have minimal J>Opulations as 
indicated by Cahill (1986) . 

Prior to. PS DDA the excent of commercial or recrea c:ional 
shrimp resournes in the ZSFs was ~own, -,µ.though no commercial. 
shrimp fishing occurs in or near the ZSFs, It will be shown in 
this section that: tlte PSDDA wor)< gave considlerable assurance t:hac 
dredged ma·t erial would be deposited in areas having relatively 
low popula'tions . Table II.8-2 provides an e,stimate of average 
shrimp catches from otter trawl s in selected areas of Hood Canal 
and Puget Sound in and near historical comme:rcial shrimp acci•.r!cy 
areas. 

A variety of bottomfish species of comme.rcial a11d reci::ea­
tional impo.rtance are known to inhabit Puget. Sound ( ihglish, 
1976; Mill.er and Borton, 1980), and a commer·cial crawl fishery 
for bottomfish is known to exist in Saratogel Passage , -A recent 
study has shown Lhac fish species diversity c-an be large bet ween 
depths of LSD to 300 feet in Puget Sound ( DcmneUy et: al., 1964) . 

8 . 3 Rat:ionale 

The reasons for evalu.at:ing t:hese biological reso~ce,; 
-relati.ve co dredged material. disposal are i:..ro-fold: 1 ) a favored 
substrate cy-pe may be altered; and 2) food r 'esources may be 
affected (see also section II. 9) , Lt is als10 i.mpor t ant to 
document the presence and/or absence of crab,, shrimp, and 
bottomfish and t heir relative abundance compared to other areas. 
~geness crab, for instance, have been shown to aggregate in 
cer tain areas r .elative to size, molting, and. egg-bearing 
(Armstroog et al., 1986), -some of these a1:ea.s being deep-water 
habitat:s ( Dinnel et al., 1985a). Selection of t:hese habita t s may 
be partially dependent on substrate type for food or for burial 
to avoid predation, especially during moltin.g or egg-ca=ying . 
Changes in sediment quality may reduce the suitability for these 
purposes. There is some concer.n about depositing mud on a sandy 
bottom and less concern about depositing mud on a muddy bottom. 
In general. the prefen::ed approach was to dep•osit dredged 
materials on the bottom where there was comparable sediment . 

8.4 Methods 

Thi s section describes the methods and macerials us ed in the 
field sampling for crab, shrimp, and bottomUsh. The dates and 
locations of sampling are given in Table II,8-3. 

I C-144 



8.4.l llw1geness Crab Sampling--

Dungeness crab were sa1npled \d.ch a ch.re,a meter beam ttawJ. 
descr ibed by Gunderson et al. (2985) and us,ed elsewhere in _Fuget 
Sound (Dinnel et al. , 1985a, 1985b; WeickamJp et al., 1986). The 
beam trawl "as towed approximately 232 mete1rs at a ground speed 
of 1.5 t:o 2.0 knots, yielding an area swept by cha net of 334 
square meters based on an o pening of 2. 3 me1tars. All crab caught 
were maasured, their sex de termined , their taolt condittori 
assessed, and their teproductive condition determined ( females 
with or without eggs) ; and they were then r,!turned to the wacar. 
Incidental catches of bottomfish from the b,aam trawls "ere 
preserved £or later processing onshore whid1 included species 
identijicatlon, measurements for J.eng th and biomass, and obvious 
e.'Cternal lesions or parasites. 

8.4. 2 Boccom£ish Sampling-

Bottomfish were sampled with a 7 .6--mete,c otter trawl 
described by Hearns and Allen (1978). The 1>tter trawl stations 
were subsets 0£ the beam crawl stations. TI1e otter trawl was 
towed. approximataly 370 meters at a ground Hpeed 0£ 2. 5 to 3,0 
knots, yielding an area swept by the net of 2,220 square mete.rs 
based on an opening of si" meters . Bottomf:lsh were frozen for 
later processing ashore, which included ide11tification of 
species, measurement 0£ length and biomass , and checks for 
external lesions and parasitas. Crab caughl~ by the otter trawl 
were processed aboard the vessel as describ•~d above and returned 
to the "7ater. 

8.4. 3 Shrimp Sampling-

Shrimp ;,ere collected as incidental cat,:hes from both the 
beam crawls for crab and the otter trawls fllr botto111fish. 
Specific scat1.ons for shrimp sampl!n.g were not established. 
Shrimp ware preserved for J.ater processing ashore which included 
identification of commercially important sp<!cies, measurement of 
carapace length, and stat e of reproduction {females with or 
without eggs). 

8 . 4.4 Trawl Gear Efficiency-

The otter trawls uaed for bottomfish al1rn sampled crab, but 
were about 15 times less efficient than the beam trawl for 
.sampling crab. Comparative average densiti1?s of llungeness crab 
at chree sites in Porr Gardner , by season and trawl type, are 
shown in Figure il.8-1. 
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Relative shrimp densiti•es at these three, site.s also depends 
on the type of gear. Neither trawl type shc,wed a superiority for 
catc:biiig shrimp (Fig. l'l.8-2). However, the, otter crawl eaugh.t 
more shrimp th.an the beam tr,u,l during apprmdmately two out of 
three trawls. Since the otter ttrawling was conducted at selected 
beam trawl stations during June / July and September, a complete 
otter trawl data set is not avail able . Thet·efore, beam trawl 
data was mapped for shrimp. 

tensity ..ts defined as the number of <1-11imals pe.r unit of area 
estimated from the beam or otter trawl catchles. .Bo ttom crawls 
are rarely l00X efficient sampling devices, the actuaJ. fis hing 
efficiency being dependent on a variety of v·ariables including 
ge,µ- type, tow speed, bottom conditions, and. animal species. 
Hence, the term density is used with the und.erstanding that ·the 
~ctual population densities are probably underestimated in most 
oases. 

8,4.5 Sample Sites--

Sampling was conducted in the vicinity of .preliminary 
disposal sites 1n the four. ZSPs: Saratoga Passage; Port Gardner; 
.Elliott !lay; and Commencement .Bay . See OJ.on.el et: nl. (1986?-h) 
for a decailed descripeion of the sampling l ocations. · 

8.5 Distribution of Crab in the ZS.Fs 

Maps of crab a~undance were preps.red for each ZSF based on 
·sampling done during the winter, spring, summer , and fall of 1986 
which a.re descr i bed below. 

8.5,l Port Gardner--

During February, the beam trawl catches of Dungeness crab, 
especially gravid females, were unexpectedly high throughout a 
major por.'tion of Port Gardner for stations less than 90 meters 
(295 feet) deep. In. fifty-six trawls over a four-,:!ay sampling 
period, 376 Dungeness crab were caught. The otter trawl also 
sampled llungeness crab, but much less effectively than the beam 
trawl • .Eighteen otter trawls caught 34 crab. 

Dungeness a.rah were not evenly di.stribut,ed throughout Port 
Gardner, and their distribution varied according to se.x and 
reproductive state for the females. Male crab were found 
almost eiclllSively in shallow water areas (Fig . II.8- 311) ; 
eighty-five percent were found in water no deeper than 20 meters 
(66 feet) and 98% in less than 40 meters (131 feet). In 
contrast, gravid females were distributed to much deeper depths 
111th 73% recovered from depths of 40 meters (131 feet) oc 
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greater, and 16% from depths of 100 to 160 ,meters (32.8-525 feet) 
(Fig. 1I.8-4A). 

'Ille possibility chat gravid females m.iglht be present at depth 
was previously suggested by Weitkamp ec al- (1986). Gravid 
females were found in abundance c:onsiderabl;y higher than observed 
previously in deep water are·as of northern .Puget Sound. 

Average crab density in Port Gardner fo:c Febz:uary 1986 (126 
per hectare ) compares _favorably with the hi,stoci.cal data, 
indicating (albeit at a soperf-icial level·) 110 drastic changes in 
crab abundances in Pot"t Gardner, No te, how,ever, the high degree 
of between-year variability in crab catches reported by English. 
The reasons .for these fluctuations are not 1presently known. 

In April the highest crab densities occurred in the eastern, 
shallower portion of _port Gardner. The dia·tributions of male and 
female crab throughout Pore Gardner are shown in Figures II.8-3B 
and II.8-41!, respectively. Crab densities 1;,ere highest in the 
0-80 meter (0,..262 feet) de pth range, with ci1e fe!l)ales preferring 
the 40-100 meter range, and males being mos·t abundan t in shallow 
water. These figures also shm, cite relativ,e saarclty of males 
which comprised only 8% of rhe total catch, 

The general <Ltstribution 0£ crab in Por1t Gardner remained 
essentially unchanged from February to ,',p,;U. Ma.Les were scarce 
(only 7'l, of to tal. catch) and were caught mot! tly in shallow water, 
wbile females were abundant and preferred d,.p·rhs between 40 and 
100 meters (131 - 328 feet), Bet'Ween February and April, eggs 
carried by the g.rav-id females hatched. In .February, 78% of the 
females carried eggs (advanced, eyed embryo:,), while less t han 
10% still carried eggs in April. 

The average density of l>.Jogeness crab c1ilculated from beam 
trawl s in Port: Gardner during June was inte:rmediate to the 
Fe bruary and April average densities. lloth the spacial and depth 
distributions· of Dungeness crab io June wer,e s~ar to the 
patterns observed in February and April exc11pt that males tended 
to be slightly deeper on the average, Genetcally, both male and 
_female crabs were calight along the nearshor,e slope· from Mukilteo 
to the Snohomish River delta (Figs. II,8-3C and I I,8-4C) and 
continued to be rare 1.n deeper areas ( 1100 1neter depth ) of out:er 
Port Gardner. Depcilwise, the highest densilties of female crab 
were in t he 20 meter to 110 meter range with peak densities at 8 0 
meters. The depth distribution of males 1-ta,1 _fairly uniform 
becween depths of 10 meters to J.00 meters, a change from the two 
previous seasoµs where males were rarely caught below 40 meters. 
i\gaill, males were relatively scarce (9%) c01npared to the females 
wh.ich c:omptised 91% of the Dungeness crab c1!tch. Less then 1% a E 
the females were gravid a!)d approximately 4!t of both male and 
female crabs had shells that were eitber so,ft or very so_ft which 
is indicative of recent molting . 
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The general distribution and densities (>f Dungeness crab fu 
Port Gar dner remained essentially unchanged in September from the 
earlier s·ampling periods except that a few more males were caught 
in deep water ( Fig. II.8-30). Felllale crab densities continued to 
be highest 1n the 20 to 100 me1:er range with the highest average 
densities occurring ac 80 meters ( Fig . II.8··4D). 

8. 5 . 2 Saratoga Passage-

Dungeness crab were not found in the bea,m 1:raw.l samples taken 
in t.be ZSF during February (Fig. II.8-5A) . One crab each was 
recovered from the 10 and 80 meter (33 and ,!62 feec) staUons 
west of the ZSF, BIid su, crab were recovered from the 10-meter 
(33 feet) stat.ion nearest Camano Island , .The crab recovered £rom 
the 10-meter (33 feet ) stations were either males or non- graVid 
females, The one found at 80 meters (262 fe,et) was a gravid 
female with eggs at approximately mid-term, 

More crab were caught in Saratoga P<assag,e during the June 
s ampling than during February. However, the, distribution of the 
crab for the two months was quite similar (L'fgs. .lI. 8-5A and 
II.8-SB). No crab were caught et the ·static,ns in t.he ZSF or ac 
any of the deep stations north of the ZSF. O.mgeness crab were 
caught on.ly at t.he shallower stations (10 tc> 80 meters; 33. - 262 
feet depths) both east. and west of the ZSF ac11d itlcluded both male 
(25% of total catch) and female (75%) crab. Only one of the 24 
female crab caught in June was gravid. 

8.5.3 Elliott Bay-

Dungeness crab were absent from all tra,ds at Fourmile Rock 
and in1.1er Elliott Bay during February, and c,nly one r ock crab ( C. 
gracilis) was recovered. Two male Dungeness crab were caught in 
J une at depths of J.0 to 20 meters ( 33 to 66 feet) on the north 
side of Iltwamish. Head (Fig. ll.8-6) . Occasi,Qnally rock crab were 
caught at the shallower stations. Dungeness crab were abs('!n·t 
from all trawls· at Foin:mile Rock and 1.nner E,l.lioct Bay during 
September. 

8.5.4 Commencement Bay-

The only crab caught :in the beam tr.awls were purple crab (one 
each in February and June at 10 meters (33 feet)) and red rock 
crab (six in June at 10 to 40 meters or 33 to 131 feet). Crab 
were absent from the otter trawls made in Ca,mmencement Bay. No 
crab were caught in September. 
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8.6 Dis.tribution of Shrimp in the ZSFs 

Shrimp were senerally more effectively caught with ·the otter 
trawl than wtth the be!llj) trawl, The available data is primarily 
beam trawl data and is therefore the data that is presented for 
discuss.ion. l'or comparison, the otter crawl has sbown shrimp 
densit:f,es ii!S much as eleven times greater c.han densities froUJ the 
bellll! trawl. When available, otter trawl densities have been 
shown. Tuble II.8-4 provides data on avera,ge shrimp catches, 
lengths, and weights, by species for shrimp caught by otter trawl 
in the proposed PSDDA sites. 

8.6.1 Port Gard,ier-

In February the quantity of shrimp was round t,o be greatest. 
at intermediate depths where very few were found in shallow wat,:r 
(Fig. II. 8-7A). Small catches of pink shri1np ( Pandalus jordani. 
or P . boreal1s) were common in the deeper a:reas, wile 
coon-sh'iped (P. danae), spot prawns ( P. pl.atyceros), and side­
scripe ( Pandalopsis dispar) increased i n nu1nber in the 80 to 150 
meter (263 to 492 feet) range. Shrimp were caught in 38 of the 
56 beaJn trawls. The highest abundance oc~~rred in the 40 to 100 
meter (1.31 to J28 feet) depth interval, In April sh'ctmp were 
caught at 26 of the 55 beam trawl stations (Fig, II.8-7B). The 
shrimp distribution was restricted pr:1,maril:y to the deeper 
st'.ations although abundances were generally lower than observ.ed 
during other seasons. A graph of shrimp de11sity versus depth 
shows the highest abundance. bel ow 100 meterts (328 feet; Fig. 
ll,8-8), 

Shr.imp were caught at 19 of the 55 beam trawl stations during 
June, Shrimp s8lllpled by the beam trawl weroe most abundant in 
depths of 40 to 80 meters off Mukilteo and were primarily spot 
prawns {Pandalus platyceros) followed by side.-stripe (Pandalopsis 
dis par) and pink (Pandalus spp. ) ,ihrimp 0££1;bor,e of the East 
Waterway (F1g , ll.8-7C) . Ass function of depth, shrimp were 
ll!Oat abundant at the 40 meter depth, a chanj~e .from both February 
and April when shrimp were most abundant at 80 and 100 111eters, 
respectively (Fig, li.8- 8). 

Avera·ge shrimp densities for June remained depressed (JO 
shrimp per hectare) as compared to the February dens!ties or 123 
shrimp per hect:are but were slightly incre,rned from the 19 shrimp 
per hectare observed during April. The highest shrimp densities 
in June again occurred off Mukilteo (spo·t pi,a=s) between 40 and 
80 meter depths. 

The data £or September (.Pig. ll. 8-7D) show shrimp abundance 
to be. increased over the previous se,l!Sons, The average shrimp 
densities for September octer trawl is equal to the Fe.bruary 
dem1ity of 123 shrimp per hectlll'e, but is l ,~ss than half of the 
beam trawl ca tch of 269 shrimp per hectare . 
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Shrimp densit:ies were substantially higher In September than 
during the i:bree previous seas,ons. Shrimp densities show a 
pattern very similar to crab ,nth the highe,;t densities along the 
inshore slope between depths of 40 to 100 miiters (131 - 326 feet) 
with subst:antially reduced densities at or below UO meters (Fig. 
II.8- 7Q) . Thus, 1'ith the disp'osaJ. sites in much deeper water , 
there should be no significant impact on shrimp, 

8 .6,2 Saratoga Passage-

The average densities of belllll trawl caught shrimp {all 
species combined) at the ZSFwere 50 shrimp per hectare 1n 
February arid 62 sllrimp per hectare in Jtme ( Figs. II. 6-9A and 
II.8-9B). The average densities for all stations in Saratoga 
Passage in February and June were 37 and .56 sbrimp per hectare, 
respectively. These di_f_reren,ces in seasonal densities are 
probably not: significantly different since t:he shrimp cat;e;hes 
were highly variable between stations. In general , the highest 
densities of shrimp were in deep water (80 t:o 120 meters or 263 
to 394 feet ) . These densities are low when compared to other 
areas of Puget Sound. 

8.6,j Elliott Bay--

Average densi'ties of shrimp calculated f rom the beam ~awl 
catches qere highest in February ar. the inDE~ bay ZSF (299 shrimp 
l)er hectare) as compared to the FQtmnile Ro~:k ZSF (,44 shrimp per 
hectare; Fig. Il.6-l0A). This panern was ,:eversed in June (Fig. 
II . 6-l0Jl). In general , shrimp densities· were highest at the 
deepest stations excepc for a relatively lax·ge catch of 
coonstr iped shrimp (Pandalus danae) in Febrciary st the 10 meter 
(33 feet) depth inshore of the Fourm·ile Rock: ZSF. 

On1£nrmly low ( 15-0 shrimp per hectare) estimated densities 
of shrimp wue encountered at all beam trawl. stations in Ellfotc 
Bay exaept t>;o stations in inner Elliott Bay (Fig. ll.8-!0C). 
The species composition of shrimp in chis ax·ea favored pink 
shrimp (Pandalus borealis,) with a few of the, larger spot prawn 
(PandalllS 1>latyceros) and side-stripe shrimp, (Pandalopsis dispar) 
in evidence. The average densities of sbrim1p at both ZSFs were 
322 and 44 shrimp per hectare wt th an overal,l average for i;ll 
·Elliott Bay beam trawl samples of 135 shrimp, per beer.are. 

The otter trawl was more efficient t:han the beam trawi at 
catching shrimp in Elliott Bay during Septem,ber. Toe average 
estimated shrimp density for Elliott Bay as ,calculat.ed from the 
otter trawl catches was 540 shrimp per hectare versus 246 
shrimp/ hectare for the same subset of beam tt'awls. However, che 
same realtive density pa t tern was observed between t:he two 
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proposed disposal sites. lnner Elliott Bay (865 shrimp per 
hectare ) had ten-fold more shrimp than Fountl.le Rock (80 ,;hrimp 
per hectare). 

8.6 . 4 Commencement &y-

Shrimp were in relatively low abundance daring February, 
showing slight increases in inner Commencem,mt Bay C Fig. 
ll.8-.llA). The density of June catches wer" roughl_y half that of 
February (Fig. II.8-llll). The distribution of shrimp was 
generally uniform in February while shrimp tended co be most 
abundant at the pre.lillli.nary disposal sites JLn J une. 

Calculated densities of shrimp a t the □Ham trawl statl.ons for 
September were all less than 150 shrimp per hectare with the 
exception of two stations located off Browru1 Point (Fig . U. 
8-llC). The highest density of shrimp occw,red at the 10 meter 
depth station off Browns Poin t . This staticm had a calculated 
density of 1,067 shrimp per hectare, all of which were juvenile 
coonsttipe shrimp, Panda.lus danae. The llro,;ms Point 80 meter 
station bad the second highest shrimp density of 281 shrimp p~r 
hectare, all of which were pink shrimp, P. horealis. The 
calculated average densities of shrimp at the two priority !'SODA 
disposal sites were 67 and 81 shrimp per hec:tare at S:l,tes lA ;md 
2A, respectively. Overall the average densJlty of shrimp from al], 
beam ttawJ. stations was 117 shrimp per hectm,e, 

The octer trawl was again more e£ficlent: at sampling shrimp 
in Commencement Bay when compared to the beam trawl. The average 
shrimp densities for six stations (l'SDDA Sit:e lA and 2.A stations) 
trawJ.ed by both gear were 466 and 79 shrimp per hectare for the 
otter and besin trawls, respective.ly. The 01:1:er trawls showed no 
substantial difference between these PSDDA !iites. 

8.7 Distribution of Bottomfisb in the ZSFs 

8. 7 .l _port Ga.rdner--

~ottomfish were moderately abundant at t;he PSDDA 2 site and 
least abundant at the !'SODA l disposal site.. This pattern 
remained the same during all samplitlg periods, with biomass 
increasing each season. 

The most abundant fish (EI\gUsll sole, Paroph~s vetulus; 
Dover sole, Microstomus pacificus; slender uole, Lyopsetta 
erllis; Pacific hake, Merluccius productus; and rat f ish, 
Hydrolagus collie!) remained the same during all four sampling 
periods; however, abundances .fell _fro111 February to April and 
,;ose in some cases ic July and September. 1Che re.lative abundance 
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of Pacific f\ake was· high for al.l four sample periods, but the 
biomass declined markedly from February to April and rose only 
slightly in July and again in September. Tl1us, only smaller 
(possibly young-of-the-year) i ndividuals we.,:e present du-ring 
April, July, and September. A nearby a,:ea ( Port Susan) is known 
to be a spawning ground for Pacific hake and supporu a 
commercial hake fishe;ry. 

A comparison of September, June, April, and February sampliJlg 
showed that PSDDA 2 had 81, J.56, l02, and 401 fish per hectare, 
while PSDDA l had 108, 60, 68, and 403 fish per hectare, 
res,pecr.ively, The number o.f species caught at the PSDDA Sites l 
and 2 wicb shoi,ed marked reductions from FE,brua.ry to April and 
July (16 and 11 in february, down to 7 .for hath in April and 6 
for both in Jw,y) rose in September to 10 ai:1d 11, respectively. 

lliomass generally fol.loi,ed the Saltle pattern as abundances 
PSDDA 2 (15 kg/ha) and PSDDA l (11 kg/ha). This was the same 
pattern e.)lhibited previous-J,y except that abnolute biomass fell 
during Apr il and July, then rose slightly ir1 Septesber. 

Comparison sampling of the otter trawl a nd beam traw1 
indicated that the ot:ter trawl was clearly a, better sampler of 
bottomfish than the beam trawl as measured hy species dive.rsi,:;y. 
abwidance, 1,J.omas-s, an<I range of si.ze categc,r :l,es s;,.mpled . 
However, the. beam trawl proVides good compl e!mentary data on 
juvenile fish. 

Internal. and exte.rnal gross examination of flat.fishes fo-r fin 
erosion, tumors , parasites and liver abnor m,(lities indicated 
insignificant indices of these conditions. 

8.7.2 Saxatoga Passage-

Only one sample aruise (July 1) was condiucted for bottomfish 
in Saratoga Passage. The total abundance va.lues ranged. from 2 co, 
19 individuals per station, while total biom~ss val ues ranged 
from l.37 grall!S to 3 1468 grams per station (F~gs , rr.8- 12A,C). 
The PSDDA site. had an intermediate abundance value and bad the 
highest biomass value. The dominant species included. ratfisb, 
English sole, Dover sol.e, slender sole, and adult Pacific hake . 
Pacific bake were found in the deeper PSDDA site and the 
reference stations, but not in the shallowe.r loca t.ions. In 
contrast, English sole were on ly found in the shallower 
locations. Dover sole were confined to the 40 meter west 
station . Ratfish and slender sole occurred at the deeper (PSDDA ) 
stations and intermedia te depths (Figs. Il.8-12B ,D) . No evidence 
of blood worms, liver tumors, skin i:umors Ot' fin eroston l'as 
found in Saratoga Passage. 
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8,7.3 Elliott Bay-

The results of fish sampling in Elliott Bay reveal that the 
proposed disposal sit:es generally have higher values of 
abundance, biomass, and s pecies richness th.an thei.r corresponding 
reference s·tations . The Fourmile Rock s:li:e and the adjacent 
reference stacions ~bited a pattern much J.ike inner Elliott 
Bay: summer season abundance, liiomasil, and species richness 
figures were comparable, whereas the autumn values of biomass and 
species richness for Fourmile Rocle exceeded the reference 
stations. Species diversity did not show a:ny clear pat tern. 

Fou:rmile Rock samples were taken in close proxinuty to 
samples collected for the Renton ~wa.ge Trei~tment Plan t Project 
(Stober and Chew, J.984). The earlier study found biomass values 
higher at the de.ep.er sites in contrast to tlhe present sc1.1dy. 
Eoormile Rock had higher biomass values tha1n t he deeper reference 
stations. This ,muld suggest that Fpurmile Rock 'Would have 
higher species richness and species diversity values than the 
Fourmile Rock reference stations. Indeed, ,ourmile Rock values 
were either comparable to, or exceeded, the reference station 
values for speci.es richness and species div,ersity. Neitber study 
,;ras conducted during all four- seasons, thus Tesults froll) this 
study should not be considered indicative o:f conditions at the 
sample sites throughout the year. 

The inner Elliott Bay site was compared w1tl1 a repott on rhe 
effects of dredged material disposal on bentbic lnvercebr~tes in 
inner !Uliotct Bay (Bingham, 1 978). The 197:B report found no 
substantial difference in infal!llal Cinverte'brate) spetles 
richness or biomass , but ,Ud find that the !shallower stations b ad 
the greatest species richness ·and biomass. The same observation 
was made at the inner Elliott Bay slte (for flsh} where the 
deeper reference station had lower species cr:-ichness and biomass. 
Neither 11.ingham (1978) nor this study found any clear trend in 
species diversity versus depth. 

Fish health was generally good. Blood worm infection in 
Engl ish sole .,,a·s the only disease noted. F:tn erosion, skin 
tumors and 11 ver tull)ors have been found in Elliott Bay, but 
typically neat the inner developed shore a.nod tbe Duwamish River 
(Mal.lns et al., 1982). The present study s .i'tes "ere loca·ted i n 
the deeper regions away from the shore of Elliott Jlay and may 
explain ,my the disease incidence was found ·to be lower than at 
previous inshore sampling locations. 

the abundance values ranged from 17 to :248 fish per station, 
while the biolllaSS values ranged froll) 2,800 to 20,630 grams ~er 
station (Figs • .!I. 8-13A and ll. B-J:4A) . The summer abundance 
values were lower (17 to 66 fish per static,,~) than the autumn 
values ( 30 to 248 fish per station). llioma:ss showed a similar 
pattern to abundance, summer values were ge,nerally l ower 
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than corresponding .aut;umn values (3,970 to El, 783 and 2,800 to 
20,630 gr-ams, respectively) . 

Sile species of fish dominated t he catche,s in Ell:iotc Bay; 
English. sole, Dover sole, Pacific hake, sleo.der sole, ratfish and 
blackbelly eelpout. No t every species was f 'ound at each site 
O'igs. !l.&-lJA, l.l aod II.8-14A,l.l). The inne,i; Elliott: Bay site 
was the shallowes t and had the .largest a bundance anil biomass of 
Pacific hake, slender sole, .and blackbelly e,e.lpout. Fo=mile 
Rock had the largest abuodance and biomass o,f fnglish so.le , Dover 
sole, and ratfish, while the other species d,eclined. Fourmile 
Rock had lo"'er abundance and biomaso values compared wi th the 
values found at the adjacent reference stat.1 ans, Generally, 
abundance and biomass values increased from the summer to t:he 
autlllllll sampling. Indeed, F.nglish sole, Dover sole, and ratfiah 
abundance and biomass values increased many fold. The shallower 
inner Elliott Bay area had greater numbers of the slllSller .fisl1es 
such as bl:sckbelly aelpouts and slender sole in conti'ast to the 
deeper Founnile Rock area where the larger ,.pecies domiruu:ed, 

English sole, Dover sole, and flathead sole showed evidence 
of blood worm infections. Incidence in these three species 
ranged from. 0% to 42%. .Fourmile Rock had the high.est incidence 
of blood worm infection in English sole and Dover sole with 
.flathead sole showing only a minor incidence. The.re were na 
iridicationS of liVei' twiior~. ski n tumors, or fin erosion. 

The case for the Elliott Bay PSDDA sites is less clear. The 
inner Elliott 1lay site had greater abundance, bi omass, and 
species rlcht\ess than the associated re.feren.ce station. However, 
most of the fish ·species that would be impacted at the inner 
Elliott Bay site have no direct commercial or r ecreational 
value. In contrast, some of the species found in abundance at 
Fourmile Rocle are of commercial and recreational v.alue . 

8.7 .4 Commencement Bay-

Several trawling studies have previously been conducted in 
Commencement Bay, These studies concentrate d their e£forcs in 
the nearshorl! areas (Becker, 1984; Weitkamp and Scbadt, 19.81; 
Tetra Tech, 1985) and in the inner: part of Commencement Bay 
(e,g . , the old flood channels of the Puyallup Rover (Halins et 
al., 1982; Tetra Tech, 1985c; Weitkamp and Schadt, 1981). Becker 
(1984) and Tetra Tech (1 985c) used the same otter trawl as the 
presenc study; ho.,,ever, sampling depths only reached 32 me ter s in 
contrast to the 175 meter depths of tbe proposed PSDDA sites. 
Weitkamp and Sclladt (1981) used a different (smaller) otter tcawl 
and again only sampled t he shaller and i nner Commencement Bay 
areas. 
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Data from Commencement Bay indicate chat three of the four 
indices of site uc1112stion by £1.sh varied inversely with depth. 
As depth increased, species richness , total abundance and total 
biomass decreased. No correlation Qet:;;een ,depth and species 
diversity was evident. liQwever, Tetra Tech (1985c) fol.ll;ld the 
speues diversity on the inner- harbor wsten,ays to be much higher 
(3 .5) compared to the present study. Results of this PSDDA study 
SIJ88est higher catches occurring in deeper •>rd t er dt;ring autumn,, 
and Weitkamp and Schadt (1981) found -chat abundance 1n the 
shal.lower areas was highest in SUilliDer and l,ower during other 
seasons of the year. Becker (l.984) found tlnat Dover sole '!ere 
located at deeper stations while English so:Le were typically 
found in shallower waters, similar co the f :indings o f this PSDDA 
study. 

Fish health was generally good for the fl.atfish caught ill 
Commencement Jlay during this study, The on.Ly disea.se found was 
blood worm infection in English sole. Incidence for this disease 
reached 100% at some ststions, but the samp.Le sizes i.ere very 
small (less than five individuals per sampl ,e ) for locations with 
higl:i incidence rates. Tet r a Tech (1985) fo1und incidences of 
l iver tumors (3 .3%) and fin erosion (0.9%), and MalJ.ns et al. 
(198i). also found liver tlll!lors and skin twn,ors in the inner 
(shall ow ) por tions of Commencement llay in a:reas known to be 
contaminated with industrial wastes • 

.&.vironmeni:al measurements were only av,silable for the autumn 
period. Dissolved oxygen, temperatllre , sal,i n.ity and Secchi disc 
measurements were .all within the ranges fou,nd in ocher parts of 
Pug1.1t Sound (Stober and Chew, 1984). 

The proposed PSOOA sites have the great,est depth and the 
lowest abundance, biomass and species richn,ess measures of the 
stations saau>led during this study; This s ,uggests that disposal 
of dredged lllSterial at the pr oposed d1sposa.L sites would have a 
relatively low impact on f i sh assemblages. Total abundance 
values ranged _from 3.5 flsh per station to ,9 high of 307 fish per 
station. Total biomass values ranged from :Z,052' granu; to a high 
of 36,929 grams per s tation. The SUl!lCler va,lues we.re lower than 
the autumn values and the deeper stations., which included the 
PSDDA sites, liad. the lowes t values regardle,ss of season , To~al 
abundance and biomass values were highest at 40 mete.rs then 
declined a·t 20 metets ( Figs. II'.8- 15A and I,I.8-16A). Three 
species o·f fish: English sole, Dover sole, and ratfish we.re 
found 1n most samples. Generall y, t he PSDD.A sites con t.a!lned che 
la--es't abundance and bidma~s of t hese three, species when compared 
to the samples collected outside the PSDPA sites. English sole 
abundance and biomass were the greatest at ·40 meters in both 
early slllllmer and autumn, followed by summer catches at 20 
meters. _<\J: tbe deeper s tations, including t he PSDDA sites, the 
thglish sole abundance and biomass values were very low ( figs. 
11.8-lSA,B and IL8-16A,.B). The abundance .~nd biomass of Dover 
sole and ratfish were greater than English ,sole at the deeper 
stations. When the deeper stations were taken as a group, the 
PSDDA sites had the lowest abundance and bi ,omass values. 
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Engli sh sole, Dover sole, rex sole, and rock sole all showed 
indications of blood worm infections . Incidences ranged from 0% 
to 100%. English sole had consistently high infec tion rates, 
often as high as 100%, although the sample ,;izes associated with 
the highest incidence rates were l ess than 5 fish each . 
Incidence of l i ver tumors, skin tumors and 1fin erosion were all 
0% . 

The fish ecology data for Commencement Bay would suggest that 
the two proposed disposal sites are probabl :r acceptable for 
disposal of uncontaminated dredged material. Toe numbers of fish 
were low at these sites and it would appear that littl e impact 
would occur to the fish assemblage. 
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TABLE II.8-2 ESTlMATED AVERAGE SHRD!P CATCHES Plll HECTARE FROM 
OTTER 'IRAI.JI.S CONDUCTED IN SELECTED AREAS OF HOOD 

Locacion/Deptli 

HOOD CANAL 

Dabob Bay 

20 - 45 
45 - 70 
70 - 125 

CANAL AND PUGET SOOND FRON 1967 TO 1979. THESE 
EST.IMATES ARE Dl:RIVED EROM UNPUBLISHED DATA 
CllLLECTED l\l'j]) SUMMARIZED BY DR. KENNETl! CHEW, 
SCHOOL OF FISHJ:RIES, UNIVERSITY OF WASHINGTON. 

Cm) Number of trawls Catch (kg)/ffa 

33 2.9 
26 2.7 
24 3.5 

Pleasanc Harbor 

35 - 6.5 5 2.9 
65 - 90 8 10.0 

Seabeck 

45 - 80 3 0.8 

Potlatch 

70 - 90 4 6.8 

PUGET SOUND 

Port Susan 

25 - 70 9 12. 8 
80 - 120 7 5. 7 

Tulalip 

50 - 80 3 13. 5 
80 - 120 4 11.8 

Carr Inlet 

45 - 80 4 15.l 
80 - 135 3 2.4 
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TAllLE II.8- 3 DATES AND LOCATIONS OF SAMPLING FOR CRAB, SHR.D1P, 
AND BOTT011FISH. 

Iccation Sampling dates in 1986 

Saratoga Passage 

Port Gardner 

Elliott Bay 

Commencement Bay 

Beam Trawl Otter Trawl 

February 11 
June 10 

February 
April 
June 
September 12,1 7,18 

February 14 
June 11 
September 4 

February 18 
Juoe 12 
September 5 
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July l 

June 
September 11,15 

July 3 
September 9 

June 13 
September 8 



Table II, 8- 4 Average shrimp catches, lengtlhs and weights .for all shrimp 
caught by otter trawl i n the proposed disposal si tes in 
Saratoga Passage, Elliott Bay and Commencement Bay daring 
June and September (combined), and Port Gardner during 
February, April, June, and Se·ptember (combined) 1986. 

SARATOGA PORT ELLIOTT COMMENCEMENT 
SPECIES PASSAGE GARDNER BAY llAY 

Spot Prawn 
Ave. ii/Ha 0 0.8 23.2 1.5 
Ave. carapace length (mm) 19.0 33. 6 26.8 
Ave. weight (g)/shrimp 0 5.0 23 . 0 12 .0 
Total weight (kg)/Ha 0 0.0 0 .53 0 . 02 

Sides tripe 
Ave . l!/Ha 54.1 6.2 23. 2 53 . 3 
Ave. carapace length (mm) 21.2 1.8 .o 23.D 15.3 
Ave. weight (g)/shrimp 6 . 2 3. 0 6,0 1 , 9 
Total weight (kg)/Ha 0.33 0.02 0 .14 0.10 

Smooth Pink 
Ave . C/Ha 0 o.o 23.9 0.8 
Ave. carapace lengclt (mm) 16.9 16.5 
Ave. weigh~ (g)/shr1mp 0 0.0 3 . 4 3 .1 
Total weight (kg)/Ha 0 o.o 0.08 o.o 

Pink 
Ave . Q/Ha 72.1 17.2 260.6 306.4 
Ave. carapace length (mm) 16.5 14.4 16.8 17. 2 
Ave. weight (g)/shrimp 3.2 2.5 3.5 3.6 
Total weight {kg)/Ha o. 23 0 .04 0 .91 1 .1 

Humpback 
Ave. #/Ha 0 o.o 2.4 D 
Ave. carapace length (mm) 26. 4 
Ave. weight (g)/shrimp 0 0.0 12.0 0 
Total weight (kg) /Ha 0 o.o 0.03 0 

Al l Species Combined 
Ave. Ii/Ha 126.2 24.2 333.3 362.0 

Total weight (kg) /Ha 0 .56 0.1 1.69 1.22 

* Port Gardner data 1s preliminary. 
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9. BlOUlGICAL RESOURCES: BENTHIC HAllITAT/CHARACTEIUSTICS MAPPED 
USING THE BENTBIC RESOURCES ANALYSIS TECllNIQUE (BRAT). 

9 .1 Objec..tive 

·ro characterize the food value of benth:i.c organistDs co 
bottom-feeding fish. 

9. 2 Background 

Coastal engineering projects often cause disturbances of soft 
(muddy or sandy) bottom habitats in estuarine systems, e .g., 
dredged material disposal operations. An environmental question 
that often arises is: Will. this project result in unacceptable 
changes to the habitat involved? Pres01Ding that t he potential. 
habitat loss concerns physical disturbance rather than chemical 
contsminacion, the resource manager has few tools with which to 
judge the biological. response to the disturbance . 

Traditional.ly, monitoring efforts have relied upon 
characterizations of the benthic co111Diunlty, Often thes·e field 
studies produced extensive faunal lists with deta.iled information 
on the number of taxa abundance and biomass of the benthic 
organisms. These data, despite havi11g been obtained throu!lb 
labor intensive field sampling and l 'aboratory analyses, can 
provide great insight. in to project impacts; however• th·ey are 
more costly and require a grea t nmourtt of time co complete . 

Toe trophic food web linkages be·t'ween baa·thic organisms, key 
fish and shell fish, and ultimately to humans, via col!llllerc.ial and 
reqeational fisheries appears to offer resource managers a 
meaning,ful 1'ay of assigning comparative values ·to alternative 
disposal sites. For this reason the DSWG decided not t.o under­
take traditional benthic characterizations, bu·t rather ut.Uize 
the llenthic Resources Analysis technique (SRAT) as described 
below. Beaauae i t is not a traditional approach, some addit.ionai 
explanation of the method has been a dded . 

Several years ago the Army Corps. of Eng~neers Waterways 
E>cperiment: Station developed a set of proced1ures to estimate the 
potential trophic value of soft-bot tom habi t,3 ts , 'l'hese 
procedures are collectively known ss the Benthic Resources 
Assessment Technique. the BRAT estimates th,e benthos at a given 
site that is both vulnerable and available t,~ selected f!-sh 
species . Different: species of bottom-feedln:g fishes can detect, 
capture, and ingest only a portion of the av,31la'ble benthos 
and will i:onsume di.f£erenc prey at differen·t locations and 
seasons reflecting vulneraole prey . In the BRAT, vul~erability 
is taken to be a function of the size of ·the benthic food item, 
and availability is a function of the depth ,,f the pre)I 's 
}ocation below the $~!limenc-wacer interfac,;,. Both factors 9Te 
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estimated from an examination of the diei:s of target predatory 
fish, and con_firmed by a parallel eraminati on of vuJ.nerahle and 
available prey in tbe local benthic environment. 

Figure .li.9-~ depicts the .major steps ot the BRAT to the 
beginning of the statistical and numerical analyses. Benthos and 
fish are collected concurrently in the vicit1ity of a sit:e where 
the benthos are segregated accordin-g to de-pth. After separation 
from the sediments, the vertical distribution of potential food 
items in the benthos at each station is established by size and 
weight. Cluster analysis is used to object.ively group all 
stations eichtbiti ng similar si~e, sorted beathos dlstributions, 
and relative biomass concributions. This procedure is 
accomplisned separately £or each successive cumulative depth 
fraction (Le., 0-2, 0-5, 0-10, and 0-15 ce·otimeters), and allows 
unLJ'orm benthic biomass strata (habitats) to be mapped , 

Collected by conventional trawling methods, the fish are 
measured and separated into .size classes. Stomach content 
samp.les for each target fish species within each size class are 
pooled, then treated in a manner identical to 1:he benthic 
samples. Fie-st, the food items are separat,ed into major 
taxonomic groups (i.e., crustacea, ann!!,lida, mollusca, etc. ); 
sieved into standal:'d.!l.zed size classes• and t:hen wet-,,eighed. 
Thus, a record i,s obtained of the size of p·rey i t ems and their 
relative proportions utilized by bottom-fee•ding fish in an area 
at a given .time. Also obtained is a record of the locations of 
prey utilizeij in the sediment column. What follows is a 
comparison 6f the actual food items eaten and .food i cem, 
size/depth distribution. yielding an estimat,e of the potential 
trophic support represented by a specified area of bottom 
habitat. 'lbe- final steps involved i n deter:mining potential 
t:rophic support of a given habita t are illustrated in Figure 
IL.9-2. 

Tuch size class of a given fish s-pecies is e~pected co 
exiubit a particular prey e.xploitation patt,ern, .i .e ., its diet 
will be composed predominantly of prey i tem1s- in a certain size 
range, This si.ze range may be either narro•'! or broad. For areas 
in which th"'e are multiple target fish spe-,cies and multiple size 
classes of eeach species, cluster analysis 1Js used to assi~ each 
predator species size class to a prey e:rplo:ltation pattern. 
Cluster analysis is used to objectively sort fish size classes 
i11 t.o feeding suategy groups based on the u11iformity of into 
size-sorted prey items. Cluster analys is ~ssists in t;he 
recognition of patterns in this complex data set. The BRAT 
produces a list of fish · size classes sorted into grou ps havirig 
similar prey exploitation patterns, or feed:lng strategies. 

The second component of prey exploitati,on that is evaluated 
is the vertical foraging capability- for eaclh fish size class. 
Qualitative examination of each samµle provides evidence of the 
ltinds of prey and their relative abundance. Comparison of this 
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information with the vertical distribution patterns of these prey 
in the sediment column (derived n;Oll1 publ.islled reports or from 
direct observacions from the vertically part:itioned box-core 
samples ) gives <1I1 indicat.1.on of the sediment depth to which a 
parcicu.la,: fish species or guild of SJlt(Cies can forage. 

9.3 Methods 

!Mring 13 June - 8 July 1966, bolt""core a,nd oner crawl 
samples were collected in the vicinity of tlite four 2S Fs: 
Saratoga Passage; Pore Gardner; Elliott Bay; and Commencement 
Bay. Most of die sampling was done in the !'rioricy l and 2 
disposal sit:es, with some additional statioo.s serving as 
references. 

9. 3. 1 Benthic Sampling and Processing-

A total of 40 benthlc samples were taken ac the four areas as 
follows: Saratoga Passage, 4 stations; Port Gardner, 10 
stations; Elliott Bay, 14 stations; and Comm,e.ocemenc Bay, 12 
stations. l'be cores were collected using s 0.062 square meter 
Gray O'Rara stainless steel box-corer fitted with an acrylic 
plastic Hoer. As soon as the oorer was retrieved, the liner 
containing the 1,JI1disturbed sample was removed and processed as 
follows. Beginning at the sediment-water interface the core ·was 
divided into vertical sections between the following depths: 0-
2;. 2-5; 5-10; and 10-15 centimeters. The 0-2 centimeter S"ection 
was washed into a 0.25 millimeter mesh seive bucket. The 
remaining vertical sections were individually washed into a 0.5 
m/111"meter mesh sieve bucket. facb sediment sample was sieved by 
immersing the bucket in a 30 gallon container filled with ambient 
seawater, and gently shaken and swirled co suspend the larger 
material and to allow fine sands, silts and clays co pass through 
the screens. Residual material including benthos ,;,as placed in 
c:totb bags, tied, and preserved in 10:t sea",;,e."ter-bu£fered formalin 
with a 0.2% Rose Bengal solution. All four vertical sections 
were then taken to the laboratory for analysis: 

Samples were sorted into major taxa for each of the four 
depth fractions from each box core and were then individually 
separated into discret:e size class intervals by a wet sieving 
procedure described by Carr and Adams (1973) and Sheridan 
(1979) . The nested, graded 3-incb standard sieves used i.. the 
benthlc analysis were: 6.35; 3.35; 2.0; 1.0; and 0.5 milli­
meters. A 0,25 millimeter mesh sieve was added for processing 
the 0-2 centimeter depth fraction. Fach sample was carefully 
washed through the nested sieves using a gentle water riose, 
taking care not to damage soft-bodied benthi,~ organisms. Each 
sieved sample was then fUtered through a 45 micrometer 
milllpore filter and then quantitatively transferred to weighing 
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bocties. Ta_xa_ sor ted from the O. 25 m.Ulime cer sieved sample for 
t:he 0-2 centimeter depth haction were weighed direct;ly after 
filtering. Wet-weight biomass was initially recorded to 0.01 
gram and the sample re·turned to a vial containing 70% alcohol. 
1n a few cases, when the available biomass was small, a higher 
level of accuracy was required (0 .1 milligram). 

For the 0-2 centimeter Ver.t:ical depth fraction all J,ntli­
vidua1s of each major taxon were enUlllexated. Approx.l,macely 150 
individuals of each_ major taxon were divide,d into five sub­
samples each having 30 individuals. Each subsample ~s weighed 
to the neares·t O .001 milligr<!lll. Av.er age individual weight, 
standard deviation, and the coefficient of variation for all fi.ve 
subsamples were then calculated, The avera,ge i ndividual "eight 
was then used to estimate the total weight ,of chat tax-on in the 
sample obtained 'by multiplyi.ng the mean ·by the total number of 
individuals enumerated. Biomass data were ,converted to grams per 
square meter (wet weight) and inaorporated into the evaluation , 

9.3.2 Fish Sampling and Processing-

Fish collect.ions were conducted concurr,ently :in the vicinity 
of the benthic sites using a 25-foot otter trowt . The trawls 
were distributed ~s £ol,J.9'{s: Saratoga Pa$sage, 4 cra'{ls; Pore 
Gardner, 7 trawls; Elliott. Bay, 8 t r awls; and Commenceme.nt ilay, 8 
trawl8 (see Clarke, 1986 £or trawl locations). 

The t~awls were of relatively shor t durat i on (approximate.ly 
five minutes ) co minimize deterioration and regurgitation of the 
gut contents by the fish. Target bottom-.fe,eding £ish species 
representative of demersal fish utiH:i:ing e.ach site included five 
species of sole: English sole ( Parophrys vietulus); Dover sole 
(Microstomus pacificus); slender sole ( Lyop,setta erllis); rex 
sole (Glypcocepbalus zachirus); and f lathead sole 
( Hippoglossoides elassodon). Fish collected along each transect 
were processed as follows. Demersal bottom-feeding fish "ere 
separated f;rom pelagic fish which did not f.eed on the benches. 
The cai:ch was then soI'ced by species and di-vicied into Stanciard 
length size classes: 5-9.9; 10-14,9; 15-19.9; 20-24.9; 25-
29.9; and grester than 30 centimeters. Individuals of the same 
species and size class captured at the same locai:ion were 
processed £or anal ysis according to the procedures described by 
Jlorgeson (1963). 

Stomach contents representing inc;!ividual species size <:lass 
samples "ere picked and sorted to major taxonoll1ic categori es 
(e .g. , ~.ollosca, Annelida, Crustacea, etc . ). Sorted-by-caxoo 
samples were individually separated i nto discrete size class 
categories by a wet-sieving procedure described by Carr and 
Aiiams (1973) and Sheridan (1979) . Wet-sieving was accomplished 
using a 3-incll diameter set of nested sieves from top co bottom 
in the £oll1>wiog sequence: 6.35; 3.35; 2 .0; 1.0; 0.5; 0 . 25; and 
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0 ,063 millimeters. Io .a manne.r similar to lthe. treatment of the 
ben chic .samples , the stomach con ten C'S from <!ach sieve were 
vacuum- filtered onto pre-weighed 0.45 micron millipore filters . 
Wet-weigb·ts were recorded to the nearest 0.01 gram and the sampJ.e 
retl.lrned to a cantainer with 70% alcohol. Weights -were tabulated 
by sire, predator species, major taxon, and sieve size category. 

9 . 4 Ila ca Anal vs.is 

Examination of the benthic data indicate,d that large parches 
of biomass, p.u:ticlllarly in the deeper sedio1ent fractions, were 
contribllted by Holot:bl.lroids and, rarely, F.chinoids. These taxa, 
as evidenced by the fish stomach co.ntents, were not lltilzed as 
prey Hems by any of the target fish. Because thei r large 
biomass would othe11Wise ~sk the importance of conttiblltions made 
by the remaining benthic taxa, Jlolot.bl.lroid nnd F.c:hinoid biomass 
data were deleted from the benthic data set " 

For each cu=lative sedimentc depth fraction, s ize­
partitioned biomass data were subjected to c:lustet ana l ysis c-o 
assign benthic samples to clusters on the b21sis of their 
similaritcies in benthos-size distribution arad relative biomass 
contribution. Patterns of high or l<ili bentl!!i<: biomass and size. 
distribution were discei-nible when these dat:a w~re superimposed 
on the grid of the sampling stations. 

F.ach be.nthic: biomass cluster was t:ben evaluated in terms of 
the potential trophic support afforded to ea.ch predator group. 
This step involves Sllmmation of the v\ll.nerahle prey biomass from 
the sediment s=face. down to the lowest zone, of pr-ey availa-
bility. Th.us each benthic cluster had a prey biomass for each 
predator group (grams per square meter). Tlilese values represent 
the potential. prey biomass for target predator species, and allow 
compa.rati ve estimates co be made of the tl:'op•hic suppor.t afforded 
by various sites within each ZSF. 

9.5 Reslllts 

In the BRAT analysis benthic samples >1ere sorted into major 
taxonomic categories. Annelids and molluscs comprised. the major 
components of the benthos at almost all s tud.y areas. In te.rms 
of biomass, annelids generaily dominate the benthos in 
Commencement Bay, at the Elliott Bay Priority 1 site, and at the 
Port Gardner Priority 1 site. Visual inspection of t he bentpic 
samples indica ted that polychaetes of t he families Ophiliidae, 
Spionidae, and Maldanidae were important mem,bers of the i nfauna. 
Molluscs, primarily bivalves of the genera Axinopsida ;rnd 
Macoma, were found at all study areas. but w·ere dorninanc: at both 
the Port Gardner and Elliott Bay Prior it:y 2 sites. Annelids 
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appear tQ be imporcant members of the benthos in the Saratoga 
Passage ZSF, Crustaceans, l argely mys ids a:nd mud shrimp, 
con cri bu ted generally les s than cen percent to the mean biomass 
at any ZSF, 

Figure II.9- 3 shows the vertical distribution qf biomass at 
stations "1.thin the Priority 1 and 2 dis pos~l si tes in the £our 
st:udy areas. These curves -,;how the mean values wi t.M.n t:lie 
disposal sites. lt will be seen .later that the fish colle 'cted 
appeared to be foraging in two depth ranges: 0-5 and 0-10 
centimeters. Therefor e t he d i scussion of biomass will be 
rest:ricted to the 0- 10 centimeter range. Throughouc this range 
the biomass in Saratoga Passage lies substantially below the 
values in the o·ther areas of Puget Sound . Within Port Gardner 
the biomass in the Priorlty 1 disposal site. equals approXimately 
hal.f of that found in the Priority 2 site, ln .Elliocc Bay ·tlie 
biomass is approximately equal in the P:rio~ity land 2 disposal 
site s . -1n Commencement Bay the biomass is .approximately equa.1 in 
the 0-5 aenUmecer dep·th range, ,;hereas bet-o;een 5- .10 centimeters 
the Priority 2 site bas nearly three times ,greater biomass than 
the Priority 1 site , 

llenchi<e biomass data were clust:ered us1'ng siz.e-psrtiUoned 
and total biomass as atcributes for each st.a t ion. Thus stations 
from different study areas could, based on their similarity in 
biomass .discribution, occur in the same clusi:er. Importantly, ic 
should be noted that clusters are f ormed independent of taxonomic 
aompoaitlon. In th.is data set, there appeared t o be no 
remarkable differences among most stations in their size­
partitioned biomass d.ist~ibution . As a result, although biomass 
data were transformed prior to clustering, tocal biomass a t a 
stacion was an important de t et'lDinant of cl u:scer composition. 

A total of 22 species-size class sample.s were used in the 
anaJ.ysis meecing a criterion sample size oi at least three 
stomachs containi ng identifiable material ('Table I.I. 9- 1)., /\along 
these species-s ize classes, a to tal sample ,of 244 stomachs were 
examined. Toe sample size was unequal amon:g species and study 
are.as, generally reflecting t he eomposition of the catch. For 
exalll'J)l e, s lender sol e vas the masc abundant S'Pecies capt:or ed , 
although insufficient- number s were taken at Commencement Bay to 
comprise a sample. In contrast, Dover sole ranked se=nd in 
abundance, but were not present in sufficie:nc numbers to form a 
species- size class at Saratoga Passage. En:g1.ish sole were 
presenc at Commencement Bay and Port: Gardne·r, but were not 
captured elsewhere. Flathead sol e and Rex .sole were taken in 
small numbers at Ell i ott Bay, and Commencem,ent Bay and Elliott 
Bay respecti. vely. The largest: catch (121 fis h) was taken at: 
Elliott Jlay, imereas both Commencement lla-y .and Saratoga Passage 
were r11pr esented by substantially smaller ciatches . Dover sole 
and Engl.ish sole were ~epresent ed in the catch by relatively 
larger size classes (greater than 20 centim,eters). Descriptions 
of the five species of sole are given below . 
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Slendei: Sole (Lyopsett.a exilis) - The moderate sized mourn 
gape ~d large eyes are morphological featui:es of this speclea 
that fit a _feeding strategy for utilization of active, mobile 
prey. The diets of slender sole. in che 5- 9.9 and 10-14.9 
cem:imeter size clas·ses consisted largely of mysids, which were 
probably taken epib,mthically or in the wa te,r column just above 
the bottom. Some indicatioo of preda tion oc, infauna was 
evidenced by small percentages of nematodes, amphipoda, and 
polychaetes. Slender sole in the 15-19,9 ce,ntimeter class ate 
somewhat more divers-ified prey items. Mysid.s and ,decapods 
comprised most of the diets, but also presen,c were copepods , 
biva.l V<>S, polyc.haetes, amph1pods, aod nematodes. 

Dover Sole (Microecomus paclficus) - In contrast wi.-ch the 
slender sole, Dover sole display the classic morphologica1 
features of an infaunal-.fe.ediog flatfish. l'he terminally placed 
m.outh has a small gape and is .asymmetrical., facllit.ating do,rnwai,d 
orientation during feeding, Host Dover sole, size class samples 
fed largely on annelids . Bivalves were alsc, important, 
particularly for la.rger size classes (25-29. 9 and 3~34. 9 
centimeters) at the Port Gardner Priority 2 disposal site. Dover 
sole takeii from the Elliott Bay Priority 2 dispos.al. si te 
exhibited compaxatlve.ly high diversity of stomach contents, 
including mysids, amphipods, cumnceans,, 1.sojlods , and ost-,:,acods in 
appreciable amounts. 

&igllsh Sole (Parophrys vetulus) -This species also shows 
the m.orpb,ologi~ ieatures characte.ristic of · an infauna.l-feeder . 
Samples of F.nglish sole were obtained on l y at Co1lll!lencement llay 
and Pori, Gardner. At Commencement ,Bay, fish in the 20-24.9 
centimeter size class preyed mainly on polychaeces, rich bivalves 
forming a smaller portion of the diet. The sam.e st~e class at 
i:)le Port Gardner Priority 1 disposal site had a similar diet, 
W'i~h the addition of urochordates. In contrast, t,,o samples at: 
the Port Gardner Priority 2 disposal site fed pri.lllarily on 
bivalves. 

Flathead Sole (llippoglossoides elassodon) ~ Flathead sole, 
having a relatively large mouth gape, displayed a feeding 
strategy similar to that of the slender sole. In the present 
study samples of flathead sole were obtained only ~t Elliott Bay 
i!l the vicinity of the Priori ty 1 disposal site. The smallest 
size class (10-14 .9 centimeters) hsd a high proportion of 
nemaeodes in their stomachs, with mysids and amphipods being oi 
secondary i.mportance, Fish in the 15-19,9 centimeter size class 
had stomach contents wh.ich varied greatly among samples, but were 
dominated by deca pods , fish, and/ or bivalves • 

Rex Sole (Gl.yptocepba.lus zachirus) ~ The. reic sole is another 
sma.U-mout:hed flatfish. Only two rex sole s.amples were 
ohta.ined. One rex sole taken at Commencement Bay contained 
largely unidentifiable digested material. A fish (5-10 
cent.1meters) from the Elliott Bay Priority 1 disposal sHe tv.id 
eaten decapods, cope.pods, and amph!pods. 
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The results of the cluscer analysis and graphical treatment 
of the food habits biomass daca ~ere used co classify specJ.,es and 
s1ze classes into prey size feeding strategy groups as described 
in Table II. 9-2. Table II. 9-3 Uses the fisb .species and size 
classes that were assigned to each group. Note that in some 
instances the some siz e class of the same fish species exhibits a 
different feeding strategy at different l ocations. For example, 
Englis h sole repres-enting the 25--29. 9 centimeter size class from 
the Pori: Gardner Priority 2 disposal site aqd reference site fell 
into groups IIIA and 11B, respectively, The differences no,ted 
are prob-ably attributable c:o subtle pacchiness 1n the 
distributions of the benthos. 

Observed differences 1n prey size exploitation patterns by 
tbe same species and size class captured from two locations lead 
to questions regarding feeding e fficiency. Data on the weight of 
each fish stomach contents sample and rlle number of stomachs that 
comprised each pooled sample wa1:e used co c.alculate tha mea n 
weight of food in each sample {Table ll.9-4) . These calculations 
indicated no subsu,.qtial di:fiecences in _feeding efficiencies 
among the study areas. 

For each fish group a determinatioo was made of the portion 
of the total benthic biomass that was bo t h vulnerable and 
available t o predal'.'.ion. Those portions of the total biomass 
detei:111ined to be either too small or coo large to f1 c a predator 
group's feeding strategy (not vulne.i:able), or beyond that 
predator group's foraging depth (not available) were deleted from 
the appropriate cluster's total biomass, 

Comparison of the t~onomic composi 1:ion of the stomach 
contents of fish size class s,imples i-n each predator feeding 
st,:ategy group reveal,:d that, in several cases, a group consiscs 
partially or mainly of epibeq_th,tc rather than tnfaunal feeders. 
Groups which contain no evidence of infaunal feeding (i.e . , 
Groups II, IID, and IllB) are of little importance in assigning a 
value to the benthos as trophic suppon. TheDefore, these groups 
received no further consideration in the analysis. Croups IlA, 
IIB, I IC, and IIIA, however, do contain fish samples that have 
utilized infaunal prey items- ·and are treated below. 

Fit-st, an estimate was made of the size range of prey being 
exploitated by a given predator group. Table II.9-2 lists th:e 
benthic prey sizes observed contributi.ng at lease cen percent to 
the overall diet £or each of the various £i sh groups. Secood, a 
determination -was made of the foi:aging dept.h of the selected f ish 
groups. This is tlie most subjectiVe step i ;n the overall 
analysis, and requires extensive investigation of the data sets. 
For example, l f polychaetes are the major ,p rey t:axon of a 
particular predator group, examination of the vertical 
distribution of vulnerable polychaete biomass in the sediments at 
stations adjacent to the trawl transects from which the fish 
samples were capturad can provide insight inro the probable 
foraging depth of those fishes. If the major conteotrat~on of 
vulnerable polychaete biomass lies bec:ween two and five 
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centimeters, then a conclusion can be reachod cha t the _fishes ere 
exploiting the 0-5 centiineter sediment depth fraction . This 
approach, however, must coqsider the behavi(>r of the specific 
prey items. Many species of polycbaeces wb.i.ch build tubes deel? 
into the sediment are surface deposit-£eede, :s. Although £ish are 
able to crop the e!<posed portions of the aw:1tl:1.dll at the sediment 
surface, the biomas.s for these polychaetes oiay actually be found 
quite deep i n the bo-x-corer S1llllples. Durini: sampling these and 
other annelids ~ht be expected to retract do1,11ward into their 
tubes. Based on considerations such as the,1e, an estimated 
foraging depth for each predator group was c·eacbed. 

The resw. ts of the benthic resource computations for eacb ZSF 
are presented in .Figures II.9- 4 through II.9·-7. For example, for 
Group lIA and IIC predators, a five centimet:er for·ag1ng depth was 
used , From the total available biomass in t :he 0-5 centimeter 
sediment depth zone, that portion 0£ the ava.Uable biomass 
outside of t he vulnerable range ot prey size was re.moved. This 
operation ~a- repeated _for eaclt 0-5 centimet:er beothic stratum ac 
each sta tlon. The biomas,; ,:-emaini.ng >ras the:n a measure of t he 
potential benthic bi omass that could be pote!ntially exploited as 
_food by Group IIA f i sh a t stations in that r ·espective tl!!pth 
range . Far Group IIll and IIIA fish a zero t:o ten centimete.r 
foraging depth wa-s used. 

Al\ J.nitial statement of the lir!!J.t:; of th,e data is --required. 
Because the da'ta rep·reseni: a single summer sampling ef,for t, 
ettrapolation of the r esults to a complete seasonal cycle is 
impossible. However, the data do describe conditions during a 
period when benthos were actively being exploited by _fish 
populations. A second limic-ation of the dat.a is that sampLing 
effort was unequal among study areas such th.at not all species 
were sampled at: each site . 'Ibis reflects va,riation in the 
habitat preferences of the sel ecoed species. Sufficient d·ata 
were ol;,taine d to reach conclusions regarding: two key target 
species: Dover sole and u;glish sole. fopulations of slender 
sole, !lathe.id sole, and rex sole were pres,a,n t at several s~udy 
areas during sampling,, although they were pr·eying heavily on 
non--1.nfaarutl organisms . Hysids in particula,r appeared to be 
abundant at both Sarat:oga Passage aqd Elliot.t Bay, as eyidenced 
by the proporti,oqs of this taxon in the fish. food habi ts 
samples. During those times 'lol!len mysids and. other el)ibenthic 
prey become less available, these predator s1pecies probably 
become more dependent upon infaunal prey. 

Despite the patchiness in the biomass av·ailable co the fish, 
some trends are apparent in the con toured data. llecause of low 
potential biomass , r.he amount that: i s available to all the 
predators in Sarato·ga Passage ls also quite low compared with 
values in t h~ three embay-ments. It may be that the biomass in 
Saratoga Passage is typical of typical mid-channel areus of l'\Jget 
Sound located awµy from the mor e productive embayment~ . 
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In Port Gardner the biomass available to the four groups of 
predators decreases from east to west (Fig . II.9-5). In Elliott 
Bay there is a decrease with increased d ist:ance offshore from the 
vicinity of Four Mile Rock (Fig. 11.9- 6). In inner Elliott Bay 
several anomalous values are superimposed cm the trends. For 
Groups IIA, IIB, and IIC the biomass decreases toward the 
northwest, whereas for G-roup IIIA, the deer-ease occurs toward the 
northeast. In Commencement Bay the distrib>ution is quite patchy 
and it is difficult ·to determine regionaJ. t.r ends ( Fig. 11. 9-7). 
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TABLE n.9-1 DISTRIBUTION O!' FISH STOHJ\CH CONTENT SAMPLES AHONC. FOUR ZSFS. 
!'?SN L!NOTH EQUALS STAIIDARO LENGTH . 

Pi•h SpeclH 

Dover Sole-

- - - - - - -
Slendet' Sole. 

- - . - - - -
Eng l ish Sole 

- - - -
Flathead So l e 

. - - -
Rex Sole 

TOTAL 

S a ratoga 
Length 

(ea) 

- - - - -
10-16 
15•20 

. - - -

- - - - -

- - - - -

7 
n 

- - - -

- - - -

19 

-

Zone ot Siting 
Port G•rdner 

Length Sa11ple 
(ca) (I) 

15-20 3 
20-25 13 
25-30 13 
30-35 3 - - -
u-20 ' 

- . - -
20-25 28 
25-30 17 - - - - - - - -

- - - - - - - -

&I 
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t •eaoibillty (ZSF) 
El.Hott llay 

Leng-th Sample 
(c:al (fl 

20-25 9 
25-30 7 
30-35 10 

- - - - - -
5-10 5 

10- 15 23 
l 5-20 46 

- - - - . 

- - - - -
10-U 5 
15- 20 13 

- - - - . 
5•10 

121 

Co1U1enceaent Bay 
Lenqth Saople 

(Cl> ) ( • ► 

25-30 3 
30- 35 9 

- - - - - - - . -

20- 25 8 

- - - -
10-1 5 3 

23 

To t a. l 

7 0 

- -
9 7 

18 

6 
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TAIILE H. 9-2 Dl!SCRlPTIOK OP PUY SI%!! FEEDING STR.\Tl!GY GIROUP$, 

Oroup l - PJsh teedJno on prey lea• than or equal to 11,0 •• or •••ller 
w-J.th a 110dal prey alz• ot e.pproxJ11ately 0.2'- ailll■et■ r. No 
repre-aent.ativee of. thi ■ group were found Jn thi• data ■et. 

Group II P.!sh that exploit• ran9e ot prey ■ iz•• .and that-a.re not 
cle.arly s._.ll prey or large pre.y ~,rploit•r•. Group II 
contains tour eubgroups: 

Group lIA - Fish that exploit prey bet-ween Cl.23 and 2.0 
•Jlli••t•r•. A pr•v alze •ode ot 0,$ calllJ.11eter 
wa• indicated tor benthic prey it•~•· 

Group IIB - Flah that exploit prey between Cl.5 and 3,35 
11Jlli■eter■• A prey a.1ze aod• o ,f 2.0 tdll ·J11ete-ra 
wa■ indJc:~ted . 

Group lIC - f'.1 ■h that exploit prey between (I., and 3.J-5 
a1llJmeter5. A prey •iz• ■ode ot 3.3! aJllJmeters 
was i ·ndleated. 

Group IJD - P'i•h that exploit pre-y in the 3.a& ■ 1 l 1J■eter­
•1z.• category. 

Group III - PJ•h that do not exploit •••ll-•1zed prey. !JcploJtatJon 
Js pri:do•inant·ly ••ong prey that are greater than 3,3! 
a11 lf11et•r•. Group III cont•,Jne two ■ u.bgroup ■: 

Group IlIA - F1•h th•t e xploit pr•y Jn the inter■adiate ■ .lz..e 
rang• (0 . &-2 .o ail l ia:e-ter•), buit th• pr•y •.h;e 
aod• 1• 6 . 35 ai 11 Jaeter■. 

Group IHB - Phh that ■xplo.!t only prey Jn the 6.35 
ailliaeter •Jze category. 
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TABLE It .9-3" COMPOSITION 01' PR&Y SIZE !'l! l!DING STRATEGY GROUPS . 

l'ish Speo!ea Size C1asa !lumber Site 
Group (centimeters) c,f Fish 

II Flathead Sole 10-15 !! Elliott Bay 

IIA Rex Sole !! - 10 3 Ell.Iott Bay 
Slender Sole !!-10 !! E"lliott Bay 
Slender Sole 10-l!! 10 Elllott Bay 
Slender Sole l!!-20 19 Elliott Bay 
Dover Sole l!! - 20 3 Port Gardner 
Dover Sole 20-25 5 Port Gardner 
Dover Sole 20-2!! • Ell.Iott Bay 

IIB Slender Sole 10-15 7 Saratoga Passage 
Slender Sole" 15-20 12 Saratoga Passag~ 
Slender Sole 15-20 • Port Gardner 
Dove r Sole 25- 30 3 Port Gardner 
Dover Sole 25-30 3 Port Gardner 
Dover sole 2!!-30 1 Elliott Bay 
Dover Sole 30-35 3 CommE!-ncernent Bay 
Dover Sole ilO-J!! 6 Comm@ne@ml!!.nt Bay 
Englis h Sole 20-25 8 0-omrnencernent Say 
l!nglJsh Sole 20-25 8 Port Gardner 
English Sol" 2!! - 30 3 Port Gardner 

ItC Sl.,nder Sole 1!!-20 6 1!111ott Bay 
·cover Sole 20- 25 !! Elliott Bay 

Dover- Sole 20-26 8 Pot"t Gat-dn~ r 
Dover Sole 25-30 7 Port Gardner 
Dover Sol" 30-3!! 3 Port Ga,rdner 
English Sole 20-25 20 Port Gardner 

IID Rex Sole 10-15 3 Com.m~ncement Bay 

IIIA Flathead Sole 15-20 15 !llioU Bay 
Slender Sole 10-15 7 U liott 8.sy 
Slender Sole 10-16 3 Elliott Bay 
Slender Sole 15- 20 10 l!:111ott Bay 
Sl~ndei, Sole 1!!-20 11 Elliott Bay 
Dover Sole 2!! - 30 3 Commf!ncemt!nt aay 
Dover Sole 30-3!! 10 Elllott aay 
English Sole 2!!-30 1' Port Gardner 

IIIB Flathea.d Sole 15-20 3 l!lliott Bay 
Flathead Sole 15-20 • El liot t Bay 
Slender Sole 10-15 3 Elliott Bay 
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TABLl. II. 9-, PEl.DING l.PPICl!NCY 01' rISH SAMPLS:D AT rou11 ZS!'S AS INDICATl!.D BY Ml.AN 
WZIGHT or FOOD ITEMS (INCLUDING BENTKOS AND NUKTON) f'l.R STOMACH. 

Species 

Slender Sole 

Dov•r Sol• 

!nglleh Sol• 

Flathead So l e 

Rue Sole 

Fish Length 
(eentim.eter.s) 

5-JO 
10-15 
B-20 

15-20 
20-25 
25-30 
30-35 

20-25 
25-30 

10-u 
u-20 

5-10 
10-15 

Mean Weight ot Pood P•r PJ1eh. Stoaach 
(gr•••) and •••Pl• a .Sze (I) 

Saratoga Port !!11101:t: Coe.aenc:eaent 
P••••o• Gardner Bay Bay 

0,094 ( 5 I 
0.1 12 (7) o.uo <•I O. I 02 (23) 
0.120 (12) 0.209 (U) 

o. 209 (3) 
O.U2 (131 0.661 (9) 
0.653 ( 13) 0,523 '1) O.U3 ( 3 I 
0,824 I 3 I 2.859 I 10 I 0.788 (9) 

0.731 (28) 0.111 I Bl 
1.505 (17) 

0.096 (5 I 
0.512 ( 13 I 

0,835 /31 
0.067 (3) 
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Table If.9-• STATISTICAL ANALYSIS OF POTEl<t?AL HABITAT FOOi) VALU&. H!AH. A.HD 
STAlft>AIU) t>EV.IATIOHS H.AV'I UNlf'!i or BIOtCASS Ik mu.Ms PER .SQUARE H!."TER, 

r! ■h Priority l Pr1or1~y z 
Feedinq study H••n 5t.andard Sample Oaett!ciont Hean Standard Sa.mp le- COf:ttielent 

Group area dev.laton •1:r.• I ot v•rJattton dev i• t.lon •J:• of varJ,1,tian 

IIA Saratoga Pa•s•~• 2 . 6 0 • 0 

Port Gardner 12. l 2 .• • .20 15, 2 0 l 0 

flliatt B•y 12.1 ••• • .• o 13.$ 2.• 5 , 19 

Car.i.aonceiaent B•y 13. 2 , .. • . 22 J:Z . 15 2 •• • . ,. 
IIC Sara toga Pa!SIS~Q•- , .. 0 • 0 

Port Gardner 11. 8 l. B • . 21 28 .1 0 l 0 

!..li.iott S•y H.1 I.I g .n 2L7 6.2 ~ . 11 
ColUilence■ent B•Y u.e '. l • . 21 19,6 6 . 2 • .n 

IIB Saratoo• Pa•••9• ••• 0 • 0 

Port G•rdntr 19 . '5 6.0 • _,. 29 . l I.. l .06 

!ll!ott B•Y 21.2 ••• • ••• ~•.o 1.1 • . n 
Coa1u!nc:•••nt Bay zs.a 6.8 • . 26 2 5 . l ••• • . 26 

IIIA S·ar•toga P••••O• 7 . 2 0 ' 0 

Port Gardner 13. l 11.0 • ... 63.& '2&,0 3 .. , 
Ell.1ot.t Bay 21.0 26,9 • 1. 28 17.l 11.0 • • •• 
com.■e-nceaent B•Y 24,3 9.t • • ,1 3&. l 26.6 • .76 
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BENTHIC RESOURCES ASSESSMENT 
TECHNIQUE 

ACTIVITY 
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TABULATE 
RESULTS 
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(BRAT} 

PURPOSE 

DEFINE FORAGING 
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DEFINE VERTICAL 
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PARTICULATE BIOMASS 
OF SPECIFIC SIZES, 
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ESTIMATE FEEDING } 
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Figure II.9-1 The major steps at the BRAT, up to the statistical 
and n\llllerical analysis, 1nvolvi:d in determining the 
potential trophlc support of a ,given soft- bottom 
habitat. 
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Figure II.9-3 Vertical profiles of bioaa"" wit:hin the four ZSFs. 
In each ZSP the values were aver·aged in the Priority 
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The number in parenthesis indicates the number of 
samples U19ed in the average. (Source: adapted 
from Clarke , 1986) 
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Figure II.9-4 Benthic biomass poten•tially av:d !able in S:ira ::og.,, 
Passage to four groups of fish (see Table II.'J-3 
for composition) , TIA; !IS; !IC; and lllA. Uni I,-; 
of biomass are in grums per square meter. ( Source , 
adapted ~rom Clarke, 1986) 
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Figure 11, 9-6 Benthic biomass potenti-1.lly .available in 
to !"our groups of tisn (see Table II.9- 3 
composition): llA; JIB ; UC; and IIIA. 
biomass are in grams pet· square meter. 
adapted from Clarke , 1986) 
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10. SELECTION OF RECOMMEND.Ell DJ;SPOSAL SITES 

The final locations recommended for the disposal sites we.re 
determined in t:wo stages . First, the final size and shape of che 
disposal site was chosen; and s econd, the chosen size was 
overlaid on the various maps of hydraulic characteristics, 
sediments , and biological res.ources , For each service area, a 
pre£erred and an alt-ernate disposal site was chosen. 

10 . l Objectlve 

The objective of this chapter is to discuss the size, shape, 
and locations of the recommended dis.posal sites. These choices 
are summarized by overlaying the preferred and alternate disposal 
sites oo the ZSF maps, 

10 . 2 Disposal Site Delineation 

The estima·ted siz.e, orienta.t ion, and coofigur:acion_ of the 
disposal sites were determined by combining results of the 
numerical dredged material disposal model, sediment depositional 
analysis, and bachymetric and tidal current data. The disposal 
model provided estimates of the area over which the material 
might spread for a single disposal from a barge for varying water 
depths and current .speeds. Using bathymecry and tidal curren c 
conditions the appropriate set of dump model results were 
selected co predict the represen1:a1:ive depositional patterns; 
however, the results represented only the effects of a single 
barge load of dredge material. An estimate of the deposition 
pattern that will evolve over a long period of time was 
calculated by assuming that a large number of barge loads of 
dredged material will be disposed of randomly throughout an 
1800- foot diameter disposal zone. For areas "11th low tidal 
currents, the resulting disposal pattern is a circle, coacentric 
with the 180ll f oot diameter disposal zone. This circle has a 
diameter of approximately 4000 feet for dep~hs ranging between 
200 and 600 £eet. Figure II.10-l µves a plan and elevation viev 
of the disposal site parameters. 

'.!be final orientation and configuration of a disposal site 
was estimated by c·onsidering the depositiona.l analysis and the 
effects of bottom slope. Table II.10- 1 prov.ides the locations of 
the center of each disposa.l site; its area, depth and 
dimensions . Table U.10-2 compares the parameters that "ere 
examined in the site specific studies, for t'he preferred and 
alternate disposal sites. 
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10. 2. l Port Gardner-

The Port Gardner preferred disposal site is situated in a 
dept:h of 420 feet on a comparatively flat p lane (Fig. II.10-2). 
Bottom slopes are less than one foot of ver,tical elevation on 200 
feet of horizontal distance. Therefore bottom slopes are no t 
e.x1)ected to iniluenae. the shape of the disposal site. Tidal 
current .and depositional analysis data iodicate that the site is 
subject to we11k curren ts. Since the mean speeds near the bottom 
averaged 0.25 feet per second at the center of the proposed 
disposal site, the tloses t disposal model r ,esults (400-foot deptn 
and a 0 . 1 feet per second) current were used to estimate the 
ei,.-tent of the disposal site. Because botto1~ s lope and tidal 
currents shou1d n,ot significantly alter the disposal site 
configuration I t he delineated si te is a 40010-foot diameter circle 
that is concentric with the 1800-foot diameter drop zone. 

The Port Gardner alternative disposal s :ite varies from 330 co 
425 feet deep. The bottom slopes toward the southwest with an 
average slope of -about one to forty. tow c,~r.rent speeds i ndicate 
that the d.isposal site ls depositional. Depositional analysis 
results are inconclusive as to whether or ni,t this site is 
depositional, however the median grain size is medium silt whic~ 
helps to indicate a depositional area. AbU1adances of both crab 
and shrimp are low throughout the site whidb indicates little 
impact on biological resources. 

Approximately one-half of this site may be potentially 
covered by the site which the U, S . Navy pro·poses to use for their 
preferred disposal site to accomodate material from the proposed 
'homepo,;c facility in the east waterway. 

10. 2.2 Saratoga Passage-

The Saratoga Passage site is a backup a.lt ernacive site 
located at a depth of 350 feet. The site i .s relatively flat with 
a total variati on of eighteen feet (Fi g, ILJ.0-3). Current 
speeds rarely e.xceed 20 centimeters per seciood, and this is a l ow 
energy area indicating tha t it is depositional. Depositional 
analysis and small grain size also support this as a depositional 
area. Crab were oo·t found lo th1.s s:i.te and shrimp abundances 
1'ere relatively low. 

10.2.3 Sl.liott 11ay-

The El.Hott llay preferred site is locst,ad at a deptl1 of 
200-300 feet and is subject to sluggish t i dal currents (Fig. 
II.10-4); therefore, the dredged material liisposal model 
results for a 400-ioot depth and a 0 .1 feet per second (0.06 
knot) current were used to estimate the exc,mt of the material 
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deposition. The site i s located in a subma1:ine valley with 
relatively steep sides and a downward slo_pe varying between one 
foot verticaJ. on thirty feet horizon cal co one foot vertical on 
5() feet of horizonca.l distance. These bathinnecric_ features 
probably will play a significant role in de1:ermining the she and 
shape of the dis·posal area. The anticipated s ite will be a 
teardrop~shaped area having a width of approximately 4000 feet 
and a length of approximately 6000 feet. 

The Elliott Bay alternative site is located south of t_he 
existing Fourmile Rock dis.posa.l zone, and sl,ightly overlaps it, 
This site lies in 500 feet of water sloping to 600 f eet a t the 
southern end. Tue. aurrents i n chis site arE, marginal, be.ing in 
the neighborhood of the threshold s peed of ~!5 centimeters per 
second. The depositional analysis shows the, souche:r1l portion of 
the site to be depositional and the northern, portion is 
inconclusiv·e. Crab were not found in this ~:ite and shrimp w-ere 
in very low abundance, so that there will be, 110 adverse impac_ts 
on resources. 

Both sites in Elliott Bay extend outs:f,de of the original ZSF 
boundaries. However, it should be t:elllembere,d chat the selection 
factors· and constraini:s used c.o identify the, ZSFs, we:re not 
considered or applied as inviolate standards. This was because 
they were being used with existing and available information, ~,s 
checking studies llfld site specific studies g;ache1"ed new 
information about the ZSFs, adjustlllents to t .he boundaries, and 
lacer to site lcoations , were made as nec_essary. 

10. 2. 4 Col!ll!lencemen·t Bay-

Because of its proximity to Daleo Passage, the Commence~ent 
Jlay preferred s1 te is located in the most: energetic area of the 
proposed dis1>0sal sites ( Fig. Il,10-5), and it is located in the 
deepest water (540 to 560 feet). For these reasons, the 
numerical model results for a simulated 600-foot water depth and 
1/2.. knot (0 .85 .ieet: per second) current w.ere considered most: 
representative of the expected deposit.ion pattern. This pattern 
was approximate.ly 1,000 feet wide and 1,400 fee t long. When the 
center of this pat~ern is superimposed randomly throughout the 
1800-foot diameter drop zone, the resulting pattern is an ellipse 
with its long axis of 4600 feet oriented parallel to the tidal 
c_urrent flood-ebb direction and the shor t axis of 3800 feet. No 
tida.l current data were available at the loc,at::lon of the 
preferred disposal site; therefore, the flood and ebb currents 
were determined indirectly from the sediment deposition 
analysis. The bottom slope is approximately one foot vertical on 
200 feet of horizonta.l distance, and it is not expected to have a 
significant effect oo the disposal si te slze ,i.r orientacl,on. 
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The Commencement Bay alternative disposal site overlaps the 
northern one-third of the preferred site, and lies in the. same 
depth range. of 540-560 feet. The.re are no direct eu:c:re.nt 
measur.ements in or aear this site, but coatours of available data 
indicate that currents are close to the threshold speed. The 
depositional analysis is 1nconclus1v.e in this site. No crab we.re 
found and shrimp ;.bundances were. l .ow. 

10.3 Site Capacity 

The size. of the disposal site is not af,fected significantly 
by the. material deposited from any single b,arge load of 111aterial, 
but is governed by the cumulative. effect of many disposals. 
Disposal model data indicate. that the. v.a'st ,najority of the. 
material from each disposal will be deposi t,~d in an area 
measuring approximately 1,000 feet 1D diame1ter, or about 20 acres 
( 8 hectares). The overall .size of the. disJposal site is governed 
by the amount of m;.te,:-ial being deposited, :,e.diment bulking 
factors, material. char,acte.ristics that govei;n stable side slopes 
of the disposal mound, e..ife.cts of bottom slllpe.s, and settlement 
characteristics . Water depth af.fe.ct:s only l::he initial area of 
\ie.position from an i ndividual dump. This a1rea would increase 
s],.!,ghUy with an increase in water depth, but this increase would 
not affect the overall site ~ize. 

Investigations of exist.ing disposal sitos and an evaluation 
of the d,:-edged material sediment characte.ri1,tics indicated that 
mound side slopes of approximately 1:30 wer1? lik.ely (refer to 
"Technical Supplement to Evaluation of Dredged Material Disposal 
Alternatives U. S • .Navy Homeport at Everett, Washington'"), 

PSDDA estimates of site capacity assume that the shape can be 
app,:-oximated by a truncated cone with a bas" diameter of 4,000 
feet and a diameter at the top of the cone 11qual to 2,000 feet. 
A truncated acne with this geometry has a vulume equal to 
approximately nine mil.lion cubic yards . It was assumed chat 
bulking effects which take place during d,:-edging and disposal 
operations will be offset by the long term c:on.solida tion of· the 
disposal mound . This assumption equates to a one-co-one t'atio of 
dredged mate.rial volume to site capacity voJlume. There.fore. the 
capacity of a site with a 2,000 foot radius is estimated to be 
approximately nine million cubic yards. Since all three Phase 1 
sites bave a minimum diameter ·of approxima tE!ly 4,000 fee t, each 
site can accomodate at lease nine million ctiblc yards within the 
designated site boundaries. Thi s is two to three time9 the 
volume p,:-ojected for 1985-2000. 
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10.4 Ovel'lays of the Recommended Disposal :Sites with 
Hydraulic, Sediment, and B:iol.ogical Char act eris tics 

To compl ete the description , che disposnl sites were over­
.layei! on maps presented earlier describing 1:he ZSFs hydraulic, 
,;edi,ment:, and biological. charac t er is tlcs anci submerged hisrorlc 
properties. 

10.4.l Port Gardner--

The Port Gardner preferred and alternato disposal sites were 
superimpQsed on maps of hydraulic character:lst.lcs (Figs. II.10-6 
through II.10-8), sediment characterisitics (Figs. II.10-9 
through II.10-13), and biological resources (Figs. II.10-14 
through II.10-16). 

F.leld data collected near the center of tbe preferred 
disposal site showed tha t the peak (1%) .spei!d near the bottom lay 
be-low the thresnold for the movement of new:Ly deposited material 
(Fig. II.10-6; PSDDA current study, 1986). At this locatioo tbe 
tot:a'l variance of the currents wa$ 74 cm.2/s,ic2 and the 1% fastest 
speed was only 8 cel\timeters per. second . The WES tidal model. 
also indi-caces that the site lies io a zone of weak tidal 
currencs { F.!g . Il.10-7). Maps of sediment:: d1aract.eristic show 
that the s,ice is located in an area of h:!.gh clay content and 
where the 95% confidence limits are exceeded for total volatile 
solids, biological oxygen demand, and water content ( Figs. 
ll .10-9 through II.l0-13). The site thus appears to be 
depositional in character. With respect to biological resources, 
the site is located in an area where popolai:ions of crab have not 
exceeded 100 crab per hectare and the population of shrimp has 
not exceeded 250 shrimp per hectare (Figs . :CI.10-14 and I I.10-16 ) . 

For the approximately 11. of the dredged tnaterial that r emains 
suspended for some time in the water column the prevailing 
currents indi.cate that this sediment will. bE, transported 
northward or westward away from areas of high c:.rab and sb.rimp 
populations {compare Hgs. ,II.10-8, II.1 0-141, and 1.1.10-15) . 

No submerged historic properties were :f.dent1.fted at this site 
through litera·cure and sonar reconnaissance .. 

Since an acceptable disposal s;1 te was fc,wid in. Port Gai:dner, 
no further consideration was given to locactng a site in the 
alternate ZSF in Saratoga Passage. 

10.4.2 Elliott Bay-

The Elliott Ba_y preferred and alternate dispos,u sites were 
superimposed on maps of hydraulic characcerhtics (Figs . II.10-17 
through II.10-21), sediment characteristics (F'~gs . TI.l 0- 2·2 
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through II.10-26), and biological resources (Figs . I I . 10-27 
through II .10-29). 

The maps of current sttengch indicate thac che Fourmile Rock 
ZSF lies across a strong gradient of tidal ,:urreats ( Figs . 
II.10-17 through II.10-20). I.n t he eastern portion, the current 
variance. averaged over che water coluom ( Fig. II. 10-17) and that 
near the water surface ls on the o:cder of 50 c.m2/ s2. _In the 
wester,i portico, the variance increases by approrl.mately twofold 
to 100 on2/s2. From the correlations betwe,m rms a nd peak speeds 
described earlier, these variances correspopd to 1% fastest 
speeds of 20 centimeters per second (for 50 CJn2/s2 variance) and 
27 cen t imeters per second ( for 100 cm2/ s2 variance) . 

One of the PSDDA current: meter moorings was pl.aced in the 
existing disposal site near the age-.!ated core mentioned 
earlier. The 1% -fastest speed equa'lled 27 1:entimeters per second 
and the analysis of the age dated core suggi!sted that some 
dredged material had been eroded from the upper pare of iche. 
core. This speed is approrlmately equal to the 25 ce.ncimeters 
per second threshold speed at which dredged material begins to be 
resuspended. These results suggest that thn we.stern portion of 
the Fourmile Rock ZSF 1s sufficiently energE,tic chat dredged 
mat:erial could be eroded. In the eastern portion of chis ZSF the. 
1% speeds ate est:1mated to be less than 20 <:entimeters per second 
which 1s below the threshold .for initiation of dredged ma Ce.rial 
ir,:iund erosion. 

The western portion of the ZSF appeats l:o have lower volatile 
solids, biol·ogical oxygen demand, perce.n t wuter, and coarser 
sediments than in the eastern portion (Figs ,, II,10-22 through 
II.10-26) . Al.though the sediment patterns iaay have been altered 
by previous disposal operations, these variat:ions mny reflect the 
increased curreqt strength between the east,!I'.n an,d we.stern part<, 
of t he ZSF. 

The Fourmile Rock ZSF was not chosen as the preferred 
disposal site because: l) the possibility of erosion mentioned 
earlier in chis chapter; 2) public concerns about chis site ; and 
3) a site was found in inner Elliott llay whHre. dispos.ed mate.rial s 
will not be eroded, ·as described below, Al,:o, public input 
during the DSWG meetings favored the inner lilliott Bay disposal 
site. 

An extensive study of the experimental clisposal site 
located within the inner Elliot Bay ZSF indLcaced that dredged 
material was not eroded over a sever.al-ye.at period (Section 
1i.7.2.l). This conclusion is supported by the. PSDDA hydral,lllc 
and sediment studies . The total current variance. in the 
disposal site is less than 30 cm2/s2 (Ftg. II.10-17), the 1% peak 
speeds a.re less than 15 ce.nc:imeters per seccmd (Fig. II.. 10- 18), 
and the numerical model indicates 1/ery weak tidal curt:ents 
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(Ftg. U. l.0 - 19). The lX peak speeds lie well below the 25 
centimet.er per seco,;id threshold and apparently are insufficient 
to resuspend d..'edged material. 

The sediment charac teristics show that the ~5% confidence 
limits were exceeded over moat of the site for volatile solids, 
bioahemica.l oxygen demand, and water content; and the area has 
very f~ne gi:ained sediment (Figs . lI.10-22 throug h I I . .J..0-26). 
Sediment cores indica te that sediments deposit at the race 0£ 
appr oximately one centim1;?ter per year Clavelle et al., 1986) . 
Becaus·e approlCimately a decade has elapsed since the experiment.al 
disposal operation ~ 1976 , oci the order of ten centimeters of 
sediment should overlie the capped dredged ma teTial rleposi t; 
therefore, the PSDDA aedilnent analysis, which utilized ·tl\e upper 
NO centimeters, should not have aHected the integrity 0£ the 
cap of experimental. disposal operation. 

Taken together, the results of the experimental disposal, the 
hydraulic character is tics, and the sediment character.is tics 
indicate that dredg,ed i!JS ,ter!al deposited in the inner El.liott Bay 
disposal site will aoc be resuspended by local currents. 

No crab lJere found «ithia the disposal site during t:he three 
cni:lses (February, June, a.ad September, 1986; Fig. U.10-27). 
Highest abundance of sbximp observed was 370 per hectare i n 
September (Fig. II.10--28) . These quantit ies indicate that crab 
iJ.Dd shrimp ara not found in commercial quanti t1,es Wit:hirt the 
proposed disposal site. 

The ?revailiag cur rents, as indicated by net current ~pe~d 
and direction, are directed toward the head of Elliott Bay near 
the bottom in the recommended disposai site (Fig. II.10-19). 
Because of the low ani~~l populations, the suspended sedimeoc 
carried by the prevailing currents is ciq,e,cted to have minimal 
:l.mpact on the biological resources . 

Signlfi ca,nc historical properti es were found by side scan 
sonar in Elliott Ba:y. .Exh.tbit C discusses actions to avoid 
impacts to these resources. 

10.4. 3 Comniencement Bay-

The Commencement .Bay preferred and a lternate tlisposal sites 
were superimposed on maps of hydraulic cheracteds tics (Figs . 
Il. 10--30 through II. 10-33), sed.l,ment cl\eracteris tics (Figs. 
II.10-34 through II.10-38) , and biological resources (,Figs. 
II. 10- 39 throug!\ 11. 10-41). 

No submerged historic properties were identified at this site 
through literature searc;h and sonar reconnaissance . 

This disposal site lies near a sharp grarlient in the 
strength of tidal cllrrents ( Fig. II.10-33). Contours 
cons~ucted from the hydraulic model indicate a total variance 
of approximately 100 cm2/s2 near t he water surface (fig. lI.10-
32). This corresponds to a 1% peak speed of 27 cenumeters per 
secoa·d based on the l iaear regr!!-$s!on preaen ted earlier. The 
WES numerical tidal model i ndicates a p,;lak 6peed , as averaged 
over the ~acer column for an extreme spring tide, of 20 centi­
meter,; per. second ( l'ig. II. L0- 31). liowever, neither of t hese 
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estimates have subst-antial uncertainties because they ,;iay not be 
representative of CQndi tlons near the botto,n. There are no 
direct current measurements in the Vicinit-y of the disposal 
site, For these reasons the choice 0£ a d i ,sposa1. site loc;ation 
was gaided primarily by the depositional an,tlysis results, and 
the patterns of sediment characteristics. 

The preferred disposal site lies in an ,u-ea where the 
sediment properties are anomalous, suggest~1g that here the 
sediments tend to depo!lie rather than erode. ln this area t he 
percentage clay 1s elevated above 15%, the •l(ater content exceeds 
50%, the volatile solids exceed 4%, and the biochemical oxygen 
demand exceeds 500. As the area does not g,enerally exceed the 
95% confidence limits, the small grain size suggests that the 
current speeds lie below the 25 centimeters p er second threshold; 
thus, the bottom speeds in the disposal sit,~ may be porcrayed by 
the numed.cal model which gives a peak speed of 18 to 20 
centimeters per seaond. At this speed, dis1pos"1 m.; terials should 
no& be ;resuspended by local currents . With respec t to biological 
resources, no crab were found within the di1,posal site, and 
shrimp were in low abundance. 

Although 1:he prevail~g currents were nc5t measured in the 
vicinity of the disposal site, the shape of the percent clay 
contours (fig. I I.10-38) indicates tbat the net currents flow 
toward the s outhwest. Because o f the low animal populations the 
suspen<h!d S1!diments eaTried in chis dir~ction from the disposal 
site are not expected to have an unacceptable adverse impact on 
biological resources. 

10,5 Conclusions 

In conclusion, the thr!!e preferred disposal sltes are judged 
to lie in depositional areas because: 1) tt1e peak speeds l ie 
below the threshold speed for movement of fJLne grained, recently 
deposited dredged material; 2) £he sediment characteristics show 
fine g,-a.ined material and statistically elevated wacer con tent, 
biochem.tqa.l oxygen demand, and volaille solj:ds, and 3) the · 
quantities of c:rab and shrimp are low. 'The maximum den"sities oi 
crab and shrimp observed tilus far in PSDDA ,ire 496 =nb and 1760 
shrimp per heccare (in Port Gardner; September, 1986) , In 
coni:rasc, bet1'1een 0-19 crab and 25-300 shr.iinp per hectare were 
found in 1:he preferred disposal sites. In <>ther words, t hese 
concentrations equal 4% and 17.% of the ma.xicoum seen in Port 
Gardner. Moreover, the number of crab lie below the 100 per 
bectare threshold below which the c.rsb popu1ations are considered 
minimal. These percentages suggest that th1~e are small 
populations of crab and moderate populatlon~t of shrimp in the 
pt:oposed disposal sites. 
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Even though some disposed dredged material will be 
transponed beyond the disposal site boundari.es, the ratio of the 
natural sedimentation to the escaped material exceeds 100:1. 
Consequently the escaped material ldll be substantially diluted 
Id th riatural sedim,ents. Cons i dering the low animal populations 
downstream from the disposal sites, the acceptable nature of the 
dredged ma'terial, natural sedimen ta t'inn , and the substantial 
dilution , the dredged ma1:erial that does esc~tpe from the disposal 
sites is not ;;xpected to have a measureable j'.mpact on the animal 
population within the embayments containing t:he disposal sites. 
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TABLE 11.10-l INFORMATION ON THE PREF Erul. ED AND ALTffiNATIVE 
DISPOSAL SI'l'.ES. 

Art~ Depth Dimensions 
latitude Longitude (acJCe) (ft) (ft) 

Saratoga Passage 

Alternate 48° 5.43 122° 27 . .35 310 350 4200 

Port Gal.'dner 

Preferred 47a 58. 86 122°16.67 3113 420 4200 
Alternate 47° 58.26 122° 15 .55 375 33·0-425 3800 X 5833 

Ellioc-c Bay* 

];'referred 47° 36.03 122° 21.34 1,15 200-360 6200 X 4000 
Alternate 47° 37 .09 122° 24.85 480 500-600 4500 x 6000 

Collllllencement Bay 

Preferred 47° 18.22 122° 27 .84 310 540-560 4600 x 3800 
Alternate 4 7° 18. 72 u2° 27-95 310 540-560 4600 "3800 

*Adjusted 
Preferred 
Elliott Bay 
Site 47° 35.97 122 ° 21.38 415 300-360 6200 x 4000 
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TUL£ JI.L0-2 COHPARISON OF S IT& SELECTION FACTORS FOR PREFEBRE D AIID ALTE RNATE DISPOSA i. SlTtS 

STATISTICAi.LY £LE.VA.TEO CURRENTS 

TOTAL PEAK. SPEED CRA6 • 
VOLATIL E 8IOCIIEHI CAL 11A TE 8 GKA 1H PERCttfT VAR IAH C~ HOPtL !!AH Pt HAI.£ SHR 1 HP • 

SOL l DS OXYCEN nt>IAHD COlflENT S l?.e CLAY (am • ) C«•/•) (f/Uec.t•re) ( I / Hectare. ) 

.... ------------------------------·-----------------------------------------------------------------------------------
H S4 r •tog a P'••• •ae I 

'" Altcrn t te Yu v .. Yes Hcd- F ine Si lt 151 20 0 20 0 0 62 
0 
0, 

Por: t C•tdner 
Pr e fer red Yu Yu Ye. Hcdiuca s it t I 51 71, - 100 8 0 JO 43 
Alterna te v .. II o ND Hedi 1..IPUI S i 1 t L0-1 51 LOS 2-8 0 28 16 

Elliott Bay 
!'referred Yes Ye• Yeo Con ·r-se S i 1 t 12% 18 I 0 0 328 

Alternate No y ., Ho Coarse s i It IU S0 -1 00 10 0 0 2 1 5 

Comoenceoent e•y 
Preferred y ts v .. tl o Co• r • c s n t I SZ 20 0 0 54 
Alternate. v .. llo "0 Coal'e e s i1 t 10 -1 5% 20 -40 0 0 41, 

--------------------------------------------------------------------------------- -------------------------------------
;, Thc.:ie nui:i.bcr, arc r:h c hi g h C.st Ave,r11ge beam tr avl c a tch c d fo r a ll • atl'lp l e periodJ . 
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Figure Il. 10-~ Precferred and al te,rnative dispo!:-al si ce::: J n 
Ell 1ott a_,y :::uper,lmpo:::ed on bi3thymetr, :H 0111 

fath0.111 intervals. 
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1" igur-e 1 I . 10-!I Pre fe rred and alternative dispotta1 s-1te$ in 
Commencement Say superimposed on bathymctry at 
one fathom , ntecvals. 

II-213 

•·. 
·. ~~··· 

' 



e295 

122',o· 

FiguTe Il.10-6 

~200 
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O OS 

NV 
Preferred Disposal Sit e 

Alternate Disposal Site 

Existing Disposal Site 
, .. 

• 
• 

£VEREn ,.; .. -

" 

47 ~,. 

47' ,, 

Preferred and alte,rnati ve d .ic:po,;al :aite,; i n Po r-r 
Gardn er on contou1:--.s of tota l v3r1ance (cm='::: - ;i) 
of the- cu.rrent~ averaged over the wa t er c ul umrt . 
(Source : EH I) 
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!-' j gure I l . 10- 7 Preferred .and al tcrnative disposal sites in Port 
Gardner on contours ot peak speeds (cm/s) tor 
the extreme s·pr.ing tide trom th,~ nwnerical t:!dal 
model. 
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Esti .mated pa t tern o tf prevailing current,:; in Port 
Gardner for the A) :;hallow surface J.3yer :,r.d t he 
B) deeper layer. ( Source: EHI) 
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Figure !l.10-9 Preferred and alternative disposal sites in Port 
Gardner on contours ot tot"ll volalt1le .solids 
wj th areas exceeding the 95~ C'I e1nd 1.96 SND. 
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Figute II,10- 10 Preterred and alternative disposal sites in Port 
Gardner on contour<: oJ: BOD with areas cxcccd:lllg 
the 9!1JII CI and 1.96 Sl~D. 
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Figure Il.10-1 1 Preferred and alternative disposal sites in Port 
Gardner on contours or percent w·ater wl th "reas 
exceeding the 95~ er and 1.96 SlifD. 
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Figure I I. 10-l3- P ref erred and altcrnnt.!ve dJspo,sal sites in 
Port Gardner on contours ot percent clay. 
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Port Gardner combi,ned crab distribution. Oct::. 
denote stations with cr<1b popula t ions below H l , 
per hectare and st-ars denote crab population::: 
greater than 100 per hectare. ( Source: udapl<: 
tram Oinnel et al. , 1!>86a-h ) 
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Por1: Gardner combined shrimp d .1:!ltr.1but:.1on. Dots 
denote s1:ations with shrimp po1pulations below 250 
per hec1:are and stars denote shrimp populations 
greater 1:han 250 per hectare . {Source: adapted 
from Dinnel et al .. 1986a- h) 
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Figure U.10-16 Preferred and alternative disposal sites in Por, 
Gardner on benth!c biom:,ss potentially availab le 
to four groups of fish (biomas~ in grams p~r s quar , 
meter). (-Source-: ..:t.dOJ?ted f-roi:n Clarke, 1986) 

Il-224 



r---------------------·- =-------------..... 

• 241 

• 115 

200 

Sl:ATTLE 

' ,. 
. ' . -. 
. ' 
' .. . -..... ""· •' . .. _, _,. . ,. - , -----

, • I • :, 

' 401. \. , ~-

l ; .- . . ,., 
. 
~-, ... . 

'1,b.·· 7-,s:, .. 

\ . 
~ 

i1 
~ ;:. 

.,,. .,_: 

WEST SEATTLE 

l~r .· -~
1
iti ~ ,: 

• .t. , . :•. 
: , I l- •~ ,-.•• • • 

ti o.s ' T~-• --•-f---J ... 

, ·,. :~ ~' 

,,· 

@ Preferred Disposal 

® Alternate Disposal Site 

@ Cxi5L1ng Disposal Site 

JJ ' 

{: .. 

Figure I I.l0-17 Preferred and al t ernative disposa·l s1tes in 
!!!11 iott Bay on contours of total variance 
(cm2s-2 ) of the current s avera9ed over the 
water column. 
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Figure II.10-20 Preferred and alternative diGposaJ site,; in Elliott 
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Figure Il .10-22 Pre1'erred and alterna1t 1ve disposal sites in E lliot: 
Bay and the !"our•ile ltoclc ZS!> on con t ours of total 
volatile solids with areas exceeding the 95~ Cl an 
1.96 SND. 
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BOD with areas exceeding the 9e,, CI and 1.96 SNO. 
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F igure II.10-27 Elliott Bay con,bined crab distribution. Dots 
denote stations with crab populations be low 100 
per hectare and ~tars denote crab populations 
greater than 100 per hectare. (Source: adapted 
from Dinnel et a] . . 1986a- h) 
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PART IV 

GLOSSARY OF TERMS AND ABBREVIATIONS 



PUGET SOOND DllDGED DISPOSAL ANAL;tSlS (PSDDA) 
GLOSSARY OF TEruiS 

Amphipods. Small ab.rimp- 1.ike crustaceans (for uample, sand fleas ) . Many 
llve on the bottom, feed on algae and detrlt1ls, and serve as food for many 
marine species. Amphipods are used in laqoratory bioassaya to test the toxic­
ity of sediments. 

Apparent Effects Threshold. l'be sediment concentration of a contaminant above 
which s·cat1st:ical.ly significant biological effects would always be expected. 

Area Ranlµng . The designation of a dredging area relative to its potential 
for having sediment chemicals of concern. Ranldnge, range from "low" potential 
to "high" potential, and are uaed to determine the intensity of dredged mace-. 
ti.al evalUAtion and testing that might be required, 

Ba.seline Study. A. st1.1dy designed to document e.xist.ing environmental con­
<litioD.S at a given site. The results of a basel:ine, study m.ay be used to 
document temporal_ changes at a site or document bac:kground conditions for com-
pari.son with another site. · 

Batbymetry. Shape of the bot:tom of l'uget Sound U'(llreased as the spatial pat­
tern -0f water depths , Bathymetric maps ere essen ti.ally topograp\tic maps of 
cbe bot tom of Puge·t Sound. 

Benthic Organism.a . Organisms that live in or on cb,e bottom of a body of w-ater. 

Biosccumulation. The accumuLatioo of contaminants io the tissues of an 
organism. For uample , certain chemicals in food e,aten by a fish tend to 
accwmlate io its liver and othe r tissues. 

Bioassay. A laboratory test used to evaluare the t:oxicity of a materiaJ. 
(commonly sediments or wastewater) by measuring behavioraJ., physiologicaJ., or 
lethal -responses of organisms. 

llio t-a. The animals and planes that live ill a parctcul ar area or habitat. 

Bottom- Dump Buge. A bstge that diaposes of dredg,,d material by opening along 
a c~ter seam. 

Bottomfish. fish that l ive on or near the bottom of a bod y of water, for 
uample , Eoglish sole, 

Bullt Chemical Analyses. Chemical anal yses pe r for.md oo an entire sediment 
sample, without separating water from the solid mat:erial to a sample. 

Capping, See confined aquatic d isposal. 

lV-1 



Carcinogen1.ct. Capable of =ina cancer. 

Clamshell Dredging. Scooping of the botto• aed.iment:a taing a aechanJ.cal clas­
shel.l bucket of v,u-ying size . Commonly used in fiM> arain Hdillle.o.t,s and calm 
water, the sediment is dWIIJ)ed onto a separate barge and tov,,d to a disposal 
site when dis,poaing in op1<n water, 

Code of Federal Regu.lationa. The compilation of Fedler&l. r egulations adop1:cd 
by Federal agetlciea through a rule-salting procese, 

Compositing. Mixing sediments fro• different s1111pl11• to produce a collll)oaite 
sample for chemical. and/ or biological te.sting. 

Confined Disposal. A disposal lllethod that isolate■ tho dredged material from 
the e.o.vironment. Confined diapoa■l may be in aquattc, nearsnore, or upland 
environments. 

Confined Aquatic Disposal. (CAD) . Confined disposal in a weer enviro1111ent, 
Usualiy accomplished by placing a layer of sedi•ent over material that has 
been placed on the bottO!ll of a water body (i,e,, caflpillg). 

Contaminant. A chemical or biologic&! subatance in a form or in a quantity 
that: can harm aqll.lltic organie1118, conswaera of aquat1.c organJ.au, or use,s of 
th.e aquatic enviroOJllent, 

Contaminated Sediment. 

Technical Definition: A aedi11ent that contain• measurable levels of 
contaminants. 

Management o, Common Definition: A sedilllent t11<1t contains sufficient 
quantities of contaminants to ruult in adverse euv1Lronlllental effects and thus 
require restriction(s) for d,edging and/or disposal of dredged material (e.g., 
i~ unacceptable for unconfined , open water disposal or conventional land/shore 
disposal, requiring confinement). 

Conventional. Nearshore D1spos41. Disposal at a sit,: vhere dredged material is 
placed behind a dike in water along the shoreline, ,nth the final elevation of 
the fill being above veter, "Conventional• diaposS:L additionally means that 
special contaminant c-001:role or reatTictions are nqlt needed. 

Conventional Pollutants. Sediment: parameter!' and characteristics tbat have 
been routinely measured in ·assessing sediment quali1t-y . Theae include sulfides, 
organic carbon, etc. 

Conventional U land Dis osal. Oispos&l at a site c:reated on land (away froai 
tidal waters in which the dredged material eventua,Uy dries. Upland sit:ecs 
are usually diked to confine solids and to ailov su•rface veter from the 
disposal operation co be released. "Conventional" disposal addi tion&lly means 
that special contaminant controls or restrictions a·re not needed. 
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l>(r;oaitioo:al Analysis, A scientific inspection o,f the bottom sediments that 
i ntifiea vbe.re natural sediments tend to accumulate, 

Depositional Area. An undervater region of Puget Sound where material sedi­
ments tend to accumulate. 

Disposal. . See confined disposal, conventional aearshore disposal, conventional 
upland disposal, and unc-onfined, open-water dis-po,sal, 

Disposal Site, The bottOG ares that receives discharged dredged material; 
e.nc0111pa.ssing, and l:arger than, the t .arget area ao.d the disposal .zone . 

.Disposal Site Work Group. The PSDDA ,rork g:roup that is designating locatioos 
for open-wa·ter unco:nfined dredged matecial dispos.sl sites that are 
environmentally acceptable and economically fe,u,i ble. 

Disposal Zone. I)\e area that is within the dispo,sal site that designates 1>1here 
surface release of dredged material. wil.l occur, I t encompasses the soalle_r 
target area. (See also "target ares" and "disposal site" .) 

Dredged Mater.ial. Sediments excavated from the b,ottom of a waterway or ;,acer 
body. 

Dredged Material Haa.a.gement Unit . The msximum vo,lume of dredged material for 
llhich a decision on suitability for unconfined op-en-water disposal can be made. 
:Management uni•ts are typically -represented by a sJ.ngle set of chemical and 
biological test in£ormation obtained from il compo,site sup.le. Maruigemenc 
Wlits are omaller in areas of higher chemical c.on,tamioation concern ( see • area 
ranking"). 

Dredger. A private or public 013ency conducting dredging (ports, Corps of 
Engineers, etc.). (Compare to "local sponsor".) 

Dredging. Any physical digging into the bottom o,f a water body. Dredging can 
be done with mechanical or hydraulic machines and, is performed in many parts 
of Puget Sound for the mainte,;,ance of oavigation channels that would otherwise 
fill with sediment and block ship passage, 

Disposal Site Work Group. The PSDDA work. group t :hat is designat:ing locations 
for open-water unconfined dredg.ed material dispo•1a1 ,sites that are ~vµoo­
me-ntally acceptable and economical.ly feasible. 

Ecosystem. A groul) of completel.y interTelated li.ving organisms that interact 
v.itb. one anotheT and with their pf,ysical enviroruuent. Examples of ecosystems 
are a rain forest, pond, and estuary. An ecosyst:em, such as Puget Sound, can 
be thought of as a single complex system. Damage, to any part: may affect the 
whole. A system such as Puget Scund can also be t hought of as the sum of many 
intercoanected ecosystems such as the rivers , wet.lands, and bays. l;:cosyste.m 
is thus a concept applied to various scales of lj.vi11g communities and signify­
ing the interrelationsl\.ips that must be cousider-,d, 
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EJf.luent. EffluJ!!nt is tbe water fl.owing out of a con1:&1ned diapoaal. facility. -
·To dietingu1e·b froca "runoff" (aee below) due to ra1nfnl.l., e.ff1uen1:' ueuall:y 
refers to water discbarged during the diapoaal. operatJLon, 

Elutriate. l'he ou:tract resulting froa lllirlng water and dredged material in a 
l.Bboratory test. Tile re.au.l.ting elutriate can be uaed for chelll1c.a.l and bio­
logica..l ceating co assess potential. water colwm affe.c:ts of dndged material. 
dispoaal.. 

Entrainment. The addition of water to dredged lllllterial during d111posal., 8JI it 
descends through the vater col.wan. 

Envirotllllen.tal. lmpact Statement. A docuaeut that <liacua&e■ the likely signifi­
cant euvtrotllllenta.l. impacts of a pTI>po11ed project, vayn to leaaen the impact11, 
and alternatives to the proposed project. l!lS' 11 are 1:equired by the National 
and State Environmental Policy Acta. 

Erosion. Wearing away of 1:ock or aoil via gradual detachment of soil or i-oclr: 
fragments by water, vind, ice, and other ...,ch.ai,J.cal ,md chellica.l. iorcea. 

Estuary, A confined coastal water body where ocean w~1ter is diluted by 
inflowing fresh ll&tei-, an.d tidal ai:d.og occurs. 

Evaluation Procedures Woi-k Croup. The PSDDA work group that is devel.opiog 
chemical. and biological te.11t.ing and teat evaluation procedure11 for dredged 
11111ter ial a~aessment. 

Gravid. Having eggs, sucll 1111 fe94la crab• carrying e(lgs. 

Ground lister. Underground water body, also called an aquifer. Aquifers are 
created by rain which soaks into the ground and £101111 dOVD =t:11 it collects 
at s paint where tbe ground is not permeable, 

Habitat. Toe specific area or envirOtllllent in whicb a particu.lax type of plane 
or animal lives. Au organism's babitat provides all of the basic i-equirements 
for life. Typical Puget Sound habitats include buch•!4, marshes, rocky shores, 
bottom sediments, mudflats, and the veter itself. 

Hazardous ~sate. Ally solid, liquid, or gaseous eubstunce vhicb, because of 
its soui-ce or measurable cha.racteriatica, 1a claa■ifi•!d Ollder atate or Federal 
law as hazardous , and is subject to special handling, sb.ipping, storage, and 
disposal requirements. 'llsabington State law identi:fiua tvo categories 0£ 
hazardous waste: dangerous and extremely hazardoua. The latter category is 
more hazardous snd requires greater precautions . 

Ropoer Dredge. A hydraulic suct1011 dredge that is usud to pick up coarser 
grllin sediments {such as sand), particularly in less protected e.,reaa vi th sea 
swell. Dredged materials are deposited in a large holldiag tank or "hopper" on 
the sa.me vessel, and then transported to a disposal. aJlte. The hopper dredge 
is i-arely userl in l'uget Sound. 



Hydraulic Dredging. Dredging accolllplisbed by the e 'roaive force of a irater 
suctio11 and slurry process, requirilll! a pump to mov,e tb.e water-suspended sedi­
me11ta. Pipelirie and bopper dredges ere hydraulic d'redges·. 

Hydraulics Project Aporoval. RCW 75,20 .100 Approvial from the Wasb.ington 
Depa:rtment df Piah~iea and llashilll!ton Oepsrtilleric o.f Game fat: the u,se, 
diversio11, obat:n1ctio11 or change ill the riatural. flo•w or bed of a11y river or 
streo, or that will use any salt or fresh waters of the state. 

Hydraulically Dredged !fateriaJ.. Material, usually sand or co.::r.ser grai11 , chat 
is brougbt up bys pipeline or bopper dredge , ToJ,s material usually includes 

slu~ water. 

Hydrocarbon. All orgsni-c compouod composed of carbon arid hydro.gen. Penoleum 
and its derived compound8 are bydrocarbons, 

Infauna. Animals living in the sediment. 

Intert idal Area. The 
wet:tilll! and drying of 
orgaoi·sms and creates 

area between high and low tid,e levels . 
this area makes it a t:ransition beueen 
stJecial environmental conditi,ons , 

The alternate 
land a11d water 

Leachat:e, Water or other liquid that may have diss1olved ( leached) soluble 
matarl.a1s, such as organic salts and mineraJ. salts, derived fa:om a solid mate­
rial, Rainwater that percolates through s sanitary• landfill and picks up cou­
taminanrs is called the leachate from the landfill . 

Local Sponsor. A public entity (e.g., port distric,t) that sponsors Federal. 
navigation projects. The sponsor seeks to acquire or bold eermits and approv­
als for disposal of dredged mat:erial st: s disposal site. 

1.oran C. An electronic system to facilitate navigation positioning and course 

plotting/tracking. 

Management Plan Work Group. The PSDDA work group Jls developing a mat1agement 
plan for eaeb of the open-water dredged material d:lsposal sites , The plan 
,nll define the roles of local, State, and Federal agencies. Issues being 
addressed include: permit reviews, 111onitoring of [permit compliance, treatme.cit 
of pe-onit: violations, monitoring of environmental lmpac;·ts , responding to 
unforeseen effects of disposal , plan updating, and data management. 

Material Release Screen. A laboratory test proposed by ?SODA to assess the 
potential for loss of fine-grained particles carrying chemicals of concern 
from the dis_posal site during disposal operations. 

Mechanical Dredging, Dredgiag by digging or scraping to c ollect dreclged mate­
rials. A clamshell dredge is a mechanical dredge, (See "bydraulic dredging.") 

Metals , Metals are naturally occurring elem.ents. Certairi metals, such as 
mercury, l ead, nickel, zinc, and cadmium, can be 01f environmental concern when 
t:hey are released to the evi ronment in unnatural a1.111ounrs by man's ac tiv:1,ties. 
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Microlayer, Sea Sudace Microlayar. l'he extresely thin top layer of vater 
tbat can contain higb concentrationa of n.aturaJ. and either organic sub11tances. 
Contaminants such aa oil and grease, caany lipophylic (fat or oil associated) · 
toxic-ants , and pathogens may be present at much higbE!r concentrations in the 
microlayer than they are .in the water colwm. Also t:he llicrolayer is bio­
logically important as a rearing area !or IM;rine organi•••• 

Microtox, A laboratory test using lum.ineecent bactet·ia and measuring light 
production, used to ·aaaeaa· toxicity of ·sediment enra,cta. 

Mole . A complex sei:::ies o.f even ta that. r eeulta ill the. pet;iodic aheddin_g of the 
skeleton, or carapace by crustaceans (all arthropod11 for that matter). Molting 
1s the oa.ly cime that many cruataceana can grow and wata (particularly crabs). 

Monitor. To systemacically and repeatedly aeaaure something 1.n order to detect 
changes or trends . 

Nutrients. Essential chemicals needed by plants o r auim&.ls for growth. 
Excessive amounts of nutrientJ can lelld to accelerated growth of algae and 
subsequent degradation of vscer quality due to oxygen deplet.ion. Some 
nutrients can be toxic at high concentraciona. 

Overdepth Material. Dredged material removed fr0111 b~low the dredging depth 
needed for sa£e navigation. Through overdeptb_ 1a incidenta.lly removed due to 
dredging equipme11t prec.181011, ita excavation is usual.ly 11lanned as part: of che 
d-redgiug project to ensure proper final water depths . Common overdepth is 
2 feet belov the needed dredging line. 

OXygen Demanding Materials. Matel'.iala such. aa food w,ute and dead plant or 
animal tissue that use up dissolved oxygen in the w11.t,er 'lhen tb~y .an degraded 
thro1,1gh chemical or biological proceeaea. Chemical ,uod biological o:rygen 
demand (COD a11d .BOD, respectively) are dilfereu,t 11eae1u.res o.f how much oxygen 
demand a substance has. 

Parameter. A guantifiable or meaaurahle ch.aracterist:Lc of something. l".or 
exampl e, height, weight, sex, and hair color are aJ.l 1parameters that can be 
determined for humans. Water quality pai:ametera incl1.1de temperature, pH, 
sallni ty, dissolved oxygen concentration, and many othe.rs . 

Pathogen, A disease-causing agent. espec.ia.U.y a virUls, bacteria, or fua.gi . 
"Pathogens can be present l.n municipal., industrial, and nonpoint source dis­
charges to the Souna . 

Permit. A 1'titten warrant or license, granted by an authority, allowing a 
particular activity to take place. Permits required !:or dredging and dispos-al 
of dredged material 1aclude the U.S. Army Corps of Eagineers Section 404 
per:m.it, the !lashing ton State Depart11ent of 'Fisheries Hydraulics Permit:, the 
city or county Shorel ine Development Permit, and the Washington Department. of 
Natural Resources Site Use Disposal Permit. 

lV- 6 



Pe.rsistent. Compounds that are oot readily degrad1ad by na turaJ. physical., 
cheia:LcaJ., or biologica1 processes. 

Pesticide. A geoeraJ. term_ used to describe any sulosta11ce, usually chemical, 
used co dest:roy or control organisms ( pea cs). Pes1ticides include herbicides, • 
insecticides, a.lgicides, and fungicides. Many of 1:heae substances are 
manufaccured a.rui are not naturally found i n tne eo,rironmeot:. Ot:hers, such as 
pyrethrlllll, are natural toxins which are ertracted from pla.nts and animals. 

£!!• The degree of a1 ks] lnHy or acl.dity of a solu1:ion, li'aur has a pH of 
T-0. A pH of leas than 7 .O indicates an acidic sollutioo, and a pH greater 
than 7 .0 indicates a baaic solution. The pH o-f wal:er in.flue,nces many of the 
types of chemical reactions that occur in it. Pug,,t Sol11ld wa,e.rs, like. most 
urine waters, are typicaily pH oeuttal, 

_phase 1. The PSODA ,itudy 1s divided into two, 2-y,,ar long, overlapping 
phases. Phase 1 cove,n the centra1 area of Puget !ioUnd includin.g Seattle, 
Everett, and Tacoma. Phase 1 begBll in April 1985. 

Phase II. The PSDDA study is divided into rwo, 2-year l011g, overlappiag 
~bases, Phase ll covers the ~orth and South Sound (includjng, 01,,,.pia, 
Bellingba111, and ?art Angtle-,)-the areas not coverE!d by _phase L Hood Ca11al 
i's not being consideyed for location of a disposal site . Pha&e 11 began in 
April 1986 . 

_pipeline Dredge . A hydraulic dredge that transports slurried dredged material 
by pumpiag it via a pipe, (See "hydralll.ic dredge",) 

Poi11t Source. Locations -where pollution comes out of a pipe into Puget Sound. 

Polycb.aete. ~ marine worm. 

Polychlorinated Biphenyls. A group of maomade orgalnic chemicals, including 
about 70 different but closely related compounds ma,de up of ca.boo, hydrogen. 
and chlorine. If released t-o tb.e envirollillent, they persist for long period-a 
of t:ime and cao concentrate in food chains. PCll's- are not wace:r soluble and 
are suspected to cause cancer in huma-na. PCB's are, an example of an organic 
toxicant, 

Polycyclic (Polynuclea-r) Aromatic Hydrocarbon. A chss of complex organic 
compounds, some of which are persistent and cancer-~ausing. These compounds 
are formed from the combustion of organic material and are ubiquitous lo the 
environment. PA!!' s ,.re commonly fomei! by forest £'ires and by the c1l111bust1on 
of .fossil fuels. PAH's often reach the environment: through atmospheric fall­
out:, highway ruooff', sod oil discharge. 

Priority Pollutants. Substances listed by El'A unde:r the Clean 1.'aur Act as 
toxic and having priority for regulatory controls, The list i nc.ludes corlc 
~eta.ls, inorganic contaminants such as cyanide and arsenic, and a broad rsnge 
of both natural and artificial organic c.ompounds . !he Use of -pt"l.oi:ity pol­
lutants includes substances that a.re not of concernt in Puget Sound, and a.lso 
does not inc..Lude all known harmful compounds. 
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Puget Sound Water Quality AutboriM. An agency ci~eated by the Waebingt:on State 
legislature in 1985 and tasked rt devdopin.g a ,co11.prel11maiv• plm to protect 
and enhance the water qua.lity of Puget So1.md. Tb,1 Authorit.y adopted 1 ts first 
plan in Jsnua.ry 1987. 

Range Harlters . Paire of mai:ltere which, when alig,aed, provide a known beiu:ing 
to a boat operator. Two pairs of range 11.&rltera C8ll be uaed to fix position at 
a point. 

Re onal • .\dllliniatrative Decisions. A ter11 used i11 PSDDA to describe decisions 
that are a mixture o sc en c owledge and ac!Jai.n:latrative judgm.ent. These 
region-wide policlea are collectivdy made by all regulatory agencies vitb 
authority over dredged material diaposal to obtail1 Sotmd-11'ide consistency. 

Regulatory Agencies. Federal and State agenclea that regulate dredging and 
dredged material disposal in Puget Sound, &long w:ltb pertinent laws/perm ts, 
include: 

U. S. An,y Corps of Engineers 

o River and Harbor Act of 1899 (Section .10 perllits) 

o Clean Water Act (Section 404 permite) 

U.S. Environmenta.l Protectcion Agency 

o Clellt! W4ter Act (Sectiou 404 perlllitll) 

Washington Departcment of Natural. Resources 

o Shoreline Management Act (site use peril.its) 

Washingtoo. Department of &ology 

o Clean Water Act (Section 401 certificstions) 

o Shorelin,e Management Act (C2MA consistency deterainat1on11) 

Waahingt:on Depl!lr1:ment of Fisheries 

o Hydraulics Project Approval 

Washington Department of Game 

o Hydraulics Project Approval 

Local shoi,e.line jurisdiction e.g., Cit:y of Se,&ttle, City of Everett , 
Pierce County 

o Shore.line permit to non-Federal drl!dge;r/DNR 
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U.S. Fiab and Wildlife Service (Key reviewing agency) 

Nationa.l Marine Fisberies Service (Key reviewing agency) 

The Resource Conservation and Recovery Acc . The Fuderal law chat regulates 
solid and bazardous waste. 

Respiration. The 111etabolic processes by wb.ich an e>rganis111 takes in and uses 
oxygen and rel.e·ss·es ca:rbon diollide and other waste. products. 

Revised Code of Washington. The compilation of the, laws of the State of 
Washington published by the Statute Law Committee. 

Runo.ff. Runoff is the liquid fraction of dredged uaateriala or the flow/seepage 
caused by precipica1:ioa landing on and filtering through upland or nea,:shore 
dredged material disposal. sites. 

Salmonid. A fish of the family Salmoniidae. Fish in this family include 
salmon and trout. Many Puget Sound salmonids are Sltladromous, spending part of 
their life cycles in fresh water and part in marinE, waters. 

Sed'.1.ment. Material suspended in or sett ling to thu bottom of a liquid, such 
as the sand and mud rhar make up much of the shorel.ines 6ltld bottom of Puget 
Sound. SediUlent inpu1: co Puget Sound comes from n21tural. sources, such as 
erosion of soils and weathering of rock, or anthropogenic aoarces, such as 
forest or agricultural practices or conar.uct1on ac,tivities. Ce.rcaia contam­
inants tend to collect on ·and adhe,re to sedimeut: p•1rticles. The sediments of 
aome a reM around Puget Sound co11ta.in elevated lev11ls of contaminant!!. 

Spot. Chec.ldng. Inapect:ions on a r6ltldom basis to v•~rify compliance with 1>ermit 
requirements, 

State Environment:al. Policy Act . A State law inteadled to minimize environmental 
d1lllt4ge, SEl.'A requires that State ag,encies and loc.;11 governments consider 
envirorunental fact:ors when mal<ing decisions on actlvi ties, such as development: 
proposals over a certain size. Aa part of chis prclcess, enviTonmental. docu­
ments such as EIS ' s are prepared and. opportunities for public c0C1111ent are 
provided. 

Statisrically Significant. A quantitative de termination of the statistical 
degree to which nio measurements of t.he s{Ulle paruE,ter can be shown to be dif­
ferent, given the variability of the measurements. 

Subt:idal. Refers to the marine environment below l.ow tide, 

Suspended Solids. Organic or inorganic. particles !:hat are suspended in water. 
The term includes sand, mud, and clay particles as well as other solids sus­
pended in the water column. 
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Target Area. The svecified 
posa.l of dredged matl!rlal. 
within the disposal site. 

area on the surface of Puget Sound !or the dis­
The target ares ia within the disposal :one and 

Toxic. Poi_sonous, carcinogenic, or otherwise directly hanafu1 to U£a. 

Torte Substaoces aod Toxicants. Che.aica.l aub■tances, euch 8JI peaticides, 
plaac!cs, detergents, chlorloe, and industrial. vaatea that are poiaonoua, 
carcinogen!c, or otherwise b.anaful to life if found 111 sufficient 
concenttationa. 

Treatlllent. Chemical., biological, or 11.ecllanical procedures applied to an 
industrial or municipal discharge or to other sources of cootaainatioo ta 
re11.0ve, reduce, or neutruize contaaiuota, 

1'urbidi ty. A measu-ce of 
Increasing che tu-cbidity 
traces the vacer column. 
a<1ua1:i,c life. 

the. maount of material aospeoded in the water. 
of the water dec·reases the am.ount of light: that pene­

Ve:ry high level.a of turbidity can be harmful to 

Unconfined, Open-Water Diapoaal.. Discharge of dredged material into an 
aquatic enviroilllleot, usually by disc.barge at the surface, ,dthout restrictions 
or confio,ement of the materl&l once it is released, 

Variable Range Radar, Radar equipped rltb aarltera which &llo• meaanremenc of 
bearings and dilitancee to knaliii tugeta . 

Vessel Traffic Service (V"I'S). A netvorlt of radar coverage far ports of Puget 
Sound operated by die Coasr Guard to control ahip c-caffic, Moat co11111.erc1al 
vessels are -rt!quired to cbeclt in, c011ply vith VTS rules, and report any change 
in movement . 

Volatile Solids. !he material in a sediment se.mple that evaporates at a given 
high temperature. 

Washington-Adm:inistrative Code. Cootai1111 all 
State agencies through a -rule-malting proc.ua. 
WAC ~onta1ns water quality atandarda. 

Water Quality Certification. Approval given 
Ecology which acltnovledges the co11.pli&X1Ce of 
the Clean Water A,:t. 

State regulat1ona adopted by 
Por e.xaaple, Chapter 173- 201 

by Washington State Department of 
a discharge with Section 401 oL 

Wat~ays Enerimenr Stat:ion (WES). Corps of Engin.eers (Corps) research 
facility located ill Vicksburg, Hissisaippi, that pe:rform4 -ce_searcb and support 
projects for the various Corps districts. 

We elands. Hsbi tats whet" the influence of surface or ground water bas resulted 
tii development of plaot or animal c011111luo1t1es adapt;ed to such aquatic or 
intermittently wet condicions. Wetlands include ti.dal flats, shallow subtidal 
areas, swamps, ll!Brshes, ,:et meadows, bogs, and sinu,lar ateBa. 

Zoning. To deaiguate, by ordinances, areas of land! reserved and regulated for 
specific land uses. 
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BATTELLE 
BOD 
BRAT 
CFR 
er 
cm 
c:m/s 
O'.JE 
COOP!:Jl. 
DH'ID 
LMRP 
DOTS 
DSWG 
EHI 
EIS 
ENVIROSPHERE 
EPA 
EPWG 
METRO 
mg/1 
HPWG 
NEPA 
t.'1FS 
NOAA, 
NO,\A- lMS 
NOAA-OAD 
NOAA- PHEL 
NOS 
!'CB 
PHI 
PIERCE ro . 
R-!FC 
POS 
PSA 
PSDD"1 
PSWQA 
REMOTS 
RPA 
SEPA 
SND 
S UQU At-!IS H 
t-CB 
TPl'I 
TVS 
!JSFWS 
OWFlSH 
WAC 
WDF 
WDNR 
WDOE 
WPPA 
ZSF or ZS Fs 

Pb 

ABBREVIATIONS 

Battelle Marine Research 'L~boratory 
Btochemical Oxygen Demand 
llen thic Resources Assessme,at Technique 
Code of Federal Regulatiorus 
Con£1dence Interval 
centimeters 
Centimeters per second 
U.S. Army Corps o,f Engineeics 
Cooper Consul tants Inc:. 
Disposal Fi;om ;in I!lstantan!!ous 
Dredged Material Research i',ogram 
Dredging Operations Te.chnic,al Support: Program 
Diaposal Site Work Orou'l) 
Evans-llal!!il ton, Inc. 
Environmental Impact StaceJJ,eac 
fuvirosphere, a division oJ: Ebasc:o, Inc . 
U:. s. Environmental P-.,otec:c ilon Agency, Region 10 
Evaluation Procedures Work Group 
Mun1dpallty 0£ Metropolitnn Seattle 
milJ.igram/liter 
Management Plan Work Group 
National Ehv i r onmental !'01.ilc:y Act 
National Marine Fisheries Service 
u. s. /laj.t'i11nill Oceanic •and iltmospbe.ric .!.d111inistra&ion 
NOAA- FMEL.- I ns t i t ute for Marine Studies 
NOM 
~OM - Pacific Marine l:nvironmencal Labo.ratory 
Na t'iona.l Ocean Survey 
Polychlorinated Biphenyls 
Grain size classifica.tion 
Pierce County 
Pacific Marine Fisheries Cc,mmission 
Pot't of Seattl e 
Puget Sound Alliance 
Puget Sound Dredge Disposal Analysis 
Puget Sound Water Quality A.uchority 
Remo te Environmental Monito ring of the Sea Floor 
Res ource Planning Associa t es 
Washington State Environmental Policy Act 
Standard Normal Deviates 
Suquamish Indian Tribe 
Total PCB 
Total Particulat e Matter 
Total Volatile Solids 
U.S . Fish nod Wildlife Service 
Universi ty of Washington School of Fishet'ies 
Washington Administrative Code 
Washington State Department of Fi sheries 
Washington Stace Departmen t of Nat~ral Resources 
Wash1ng'ton State De.partmenC o f Ecology 
Washington Public Ports Ass oci.at1oo 
Zone{s) of Stting Feasibility 
Lead :no isomer 
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3-CB 
36-263 

Trichlorobiphenyls 
Private Citizen , Voting Di~1trict 
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OONVERSION FACTORS FOR UNITS OF MEASUREMENT 

Multiply 

cubic feet 
cubic feet per second 
cubic yards 
degrees (angle) 
fee t 
feet peer second 
feet per second (fps) 
fathoms 
square meters 
hectare 

By 

0 .02831685 
0 . 02831685 
0. 7 645549 
0 .01745329 
0.3048 
0.3048 
0.5921 
6 .00 
O.OOOJ. 
2.47 
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To Obtain 

cubic meters 
cu.hie mete,:s per second 
c ubic meters 
radians 
meters 
meters per second 
k n o t s 
feet 
hec t:are 
acres 
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"EXHIJl I T A 

BIOLOGICAL Cll'.ARACTEaISTICS AT EX1STING 
DISPOSAL SITES 

A variecy of biological studies have be,an conducted ac or 
near the existing DNR des ignated, dis-po.;al s:l tes in central Puget 
Sound. S.everal studies were accomplished al: the outer 
Commencement Bay sice prior to the Superfund stud·ies i n the 
nearshore area. The inner Commencement Bay site was closed in 
late l.973 after reiie.iving an. estimated ma,ci,,1um of 38,000 cubic 
yards duri ng that year. Biological data a c che existing sites 
wit:hin the three are.as comes largely from. SE!veral general studies 
(Word et al., 1984; Tetta Tech , 1985, 1986; Battelle, 1986) and 
PSDDA field studies. 

A, Port Gardner 

Tetra Tech (1985) found that total abundtance and caxa of the. 
beoth.ic infauna did nae differ significantly- from cheLr rel:erence 
site, but did find that ruophipod abundance <1·as increasl?d. Dion i?l 
(1986) found large numbers of female Dungene,ss crab on the site, 
Garber (1 984) documen ted numerous fish and benthic inverte.brace,; 
on and around the site using an underwater t:elevision syscem. 

Several biological. studies have been con,ducted on or near the 
existing site by PSDDA due to its location r·elative to t:he 
alternative PS ODA site. See Sections II.8 and II. 9 for the 
results of ·those studies. 

B. Fourmile Rock 

Bact:elle CL986) examined the number of benthfo lnfaunal 
species and number of individuals at the site and at a reference 
area (Dabob J!ay) with comparable s ubstrate and water depths. The 
site' had a mean of 9 species and 18 individuals while Dabob Bay 
had ll species and 18 indi'Viduals. Although nhe report implies 
that the site is low in terms of caxa and Individuals, in fact 
the difference between che means for both sets of data fall well 
~thin the -range of both data sets s.nd hence are probably not 
statisticall y different. In fact the site is also probably no 
different than the shallow,eference site, Samish Say. The two 
stations 17 and 20 used th-roughouc for compa•rison to the site 
chem.is tty have a mean of 8. 5 species with a range well wi thiti the 
ranges of the other stations and l:al)ob Bay (:Ba tcelle, 1986). 

PSDPA cci!lducted seasonal. trawls to document epibenthic 
inver tebrates and boctomf1shes at the altecn,ative site, which 
covered th·e Fourmile Rock site. Benthic res,ource values wei:e 
also investigated ac the PSDDA sites with s·ome of the station,; 
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being l,ocated within the existing site . See, Sections II.8 and 
II. 9 £or the results. 

C. Commencement Bay 

PSDDA conduc ted seasonal trawls to docum.ent e piben thic 
invertebrates and bottomfishes at the PSDDA sites located near 
the existing disposal site. Benthic resource values were also 
investigat:ed at the preferred and alternative PSDDA sites to 
assess bott:omfish feeding habitat potential. See Sections II.8 
and II.9 of the document for the results of those studies. 
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EXHIBIT B 

MAPPING AND OVERLAY PROCESS: SITE S ELliCTIOtf FACTORS. 

l. PREL1MINARY MAPS 

Zones of Si ting Feasibili ty were selectE:cl 1:hrough a mapping 
approach which involved superimposing overli!tys to locate areas of 
few or no conflicts. The selected areas had! minima.J. conflicts 
with the sit.e selection factors. The DSWG e,xrunined a series of 
preliminary maps as an aid to decide which key £actors should be 
shown ou cb.e .final maps whJ.ch were used fo-i: ZSF selections . The 
following factors were mapped: 

a. Human Uses: 

l. Designated navigation lanes/ 
channels/anchorage areas, 
approaches and high densicy 
vessel traffic areas. 

2. Recreational uses (fi shing, 
sailing courses, diving sites, 
anchorage areas, artificial 
reefs, shoreline pal'ks), 

3. U!ltural/historical sites 
(wrecks and historical areas). 

4. Aquaculture facilities and 
designated aquaculture areas. 

S. Utilities (pipelines and cables). 

6, Areas of special scientific 
importan~e (natural preserves, 
sanctuaries). 

7, Point pollution sources (outfalls 
and designated zones of initial 
dilution including municipal and 
industrial outfalls ). 

B, Water supply (salt water intakes}. 

9. Compatibility of dredged disposal 
with local shoreline ta.as ter 
programs, aesthetics, noise . 
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Mll.ps Pr epared: 

Navi.gation lanes 
and areas of high 
dens-1ty trs£fic 

Underwater recreation 
areas/sta t e parks/ 
artificial reefs 

Shipwrecks 

DNR aquaculture sites 

Utility co~ridors 

No map 

Major outfalls 

Major incskes 

Shoreline designations 



10. Political boundaries (co1mties, 
cities, lndian reservations, 
international border) . 

11. c,,sts of transportation to 
d.i,s posal sites. 

12. Beneficial effects of long­
term disposal (beach 
replenishment , habitat 
creation, etc.). 

b, Biological Resources: 

13 . Food fish/shellfisb harvest 
areas(commercial and 
recreational - using WDF 
and tribal description). 

14, Threatened and endangered 
species. 

15. Food fish and shellfish habitat 
(critical breeding, rearing, 
nursery and migration). 

16. Wetlands, mudflats, vegetated 
shal.J.ows. 

c. Physical Parameters : 

17. Bathymetry. 

18. Substrata (physical, chemical 
and benthic sediment 
characteristics) , 

19. Current patterns and we.er 
circulation. 
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Political boundaries 

Dr edge disposal 
transporca t.ion c.as ts 
from Everett/Seattle/ 
Tacoma 

No map 

ShelJ.£1.sh harves ti.ng 
area~; , salmon fishing 
area,i and non- salmonoid 
harvE!sting areas 

Bald eagle nest sites 

Shellfish critical 
habi !:ats, non-ground-
f ish critical habitats 
and E:,oundfish critical 
habi t:ats 

Veget:aced shallows and 
nearshore wetlands 

Bathy~etry at one 
fa thc,m con tours 

Long··term monitoring 
s ta ti.ons, sediment 
sampling stations, 
surfa.ce sediments, 
areas of elevated 
sedim,ent chemistry 

Current meter s tations~ 
maxi!l)1um and net surface 
currents, maximum and 
net currents near 
bottom. 



1.1 Final Haps 

Of the above maps, sixteen which display·ed key factors were 
selected and were subsequently used to identify the ZSFs. l'he 
key maps selected were: 

( 1) Poli ti cal boundaries 
(2) Shoreline designations under Shoreline Management Act 
(3) ~avigation lanes 
(4) Areas of high density traffic 
(5) Bathymetry 
(6) Underwater/ recreation areas 
( 7) Dredge si tees/ transportation costs 
(8) Util ities 
( 9) Outfalls 

(10) WDNR aquacu2 t ure sites 
(ll) Shellfish critical habitats 
(12) Shellfish harvesting aroos 
(13) Non-Groundfish critical habitats 
(14) Salmon (commercial and recreational fishing ) 
(15) Ground! ish cri ti ca 1 habi ca c 
( 16) Non-salmonoid harvesting areas 

1.2 Adc!itional Maps Usea to Adjust ZSF Boundaries 

The key maps were verified by the partic:lpating agencies. 
They were then overlayed a nd the ZS Fs define,d after applying th e 
constraints noted in Section II.1.3. furthe:r refinement of the 
ZSF boundaries was made by placing twelve ad,ditional overlay maps 
successively over t he ZSF base map. No ZSF 1nodificat1ons were 
needed as a result of this process. These a,;~ps were: 

(1) Shipwrecks 
(2) Current: meter st:ations 
( 3) Net s urface currents 
(4) Net near bottom currents 
(5) Flood tide current patterns 
( 6) Ebb Ude <Current patterns 
(7) long-term monitoring stations 
(8) Sediment sampling scations 
(9) Surface sediments 

(10) ,:\teas of elevated sediment: chemistry 
(ll) Vegetated shallows and nearshore wetlands 
(12) Bald eagle nest: sites 

The DSWG first defined the ZSFs by avoid:lng VtJlnernble 
resources snd areas of human uses, snd second by considering 
u-ansportation haul costs. There was no weighting of the factors. 
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Using this procedure, no ZSF could be lo,cated 'Ii thin t:en 
nautical miles of Everett due to the apparent presence of 
Dungeness Crab and noI1-sal1nonid harvesting a:reas (ground fish and 
fin fish ). However, because data used to maip crab and boccomt'isb 
resources had been quice limited (i.e., stud:les largely l imited 
to shallower wate.r deptb.s), t:he DSWG believed there was a 
reasonable c:ba.nce of locating an acceptable ldiSFOSal site i.f 
field srudies were made. P.cc.ordingly, a ZSF was defined n;,ar 
Everect, in Port Gardner, using the bathymel:lry lllSP to outline the 
area ly-1,,;\g between 120 and 600 feet, and a 2:500 £eec b,ufer frolll 
shore. Fi11.1lly, the ZSFs that were identifll?d l;lere r.anked either 
priority (1) or (2) as described in Part I, Bection· 2.8. 

Further adjustment of the ZSFs was lllSde by the DSWG as a 
result of input from: Federal; state and 101:al agencies; Indian 
tribes; inte;,;-est groups; scientists; and cic:lz.ens. This input 
was Teceived at DSWG meetings. 

2. l>ESC&Il'TION OF OVER.LAY MAPS 

At the 26 Septelllber 1985 workshop eighte.f!n maps were 
distributed (nine aov.er i ng t he l)orth section of the Phase I aces , 
and n1ne covering the. south section; maps 1-!) as described 
below). .Map numbers 10 and 11 were not pres,mted ar. the wOJ:-kshop 
because they could not be reduced in size and retain us-able 
detail; t:herefore, they were made available at the COE Seattle 
Dis ti-ct Office. A map showing the geographic: features of Pugec 
Sound is shown in Figure B-1 • 

'Ihe maps have been reproduced here as th(!Y were distributed 
at the workshop. ►lap No. 10, which was orig:lnally done at one 
fathom (6 foot) intervals , has been redrawn J:or clarity at 10 
fathom intervals. Map No. ll is also shown ,,s adapted from 
Roberts (1979). 

2.1. Ma!> No. 1 (Fig. B-2) 

Pol itical. Bonndai:ies, Shoreline Master Plans, Shorelinl;! 
Parks, Tribal Fisheries. Categories mapped are described below. 

Boundaries £or: (1) cities; (2) coantie~,; (3) outer harbors; 
(4) Muckleshoot Indians; (5) Swinomish Indians; t6) Lumm! 
India!'ls; (7) Yakima Indians; (8) Stillagua.ml~,h I ndians; (9) 
Puyallup Indians; (10) lower llwha Indians . 

Areas of shoreline master plans: (1) aquatic; (2) 
commercial; (3) conservancy; (4) conservancy management; ( 5) 
conservancy natural,; (6) conservancy r ecreatl.on; (7) diverse 
resource management area; (8) industrial; (9) natural; (10) 
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residential; (ll) rural; (12) semi-rural; (13) shoreline 
residential; (14) suburban; ( 15) urban; (16) urban developed; 
(17) urban recreational; (18) urban residential; (19) urban 
stable; (20) ur ban undevel.oped. 

These ar eas were defined from master pl ans obtained from each 
clty or county. 

2. 2 Map No . 2 (Fig, 11-3) 

Navigation Lanes, Areas of High Density Traffic, Utili ties. 
Categories mapped include : (l) nayiga ~ on- lanes; (2) ferry 
routes; (3) tug routes; (4) pipe lines; (5) ,cables; (6) potential 
marinas; (7) ports. 

These we.re compiled from NOAA nautical di.arcs, the Washington 
Marine Atlas, and information from COE. 

2 , 3 Map No. 3 (Fig . B-4) 

Shipwrecks, Underwa.ter Par ~, Scub.a Site1s, Artificial Reefs. 
Categories mapped include: (l) shipwrecKs; (2) underwater parks; 
( 3) scuba sites; and (4) artificial reefs. 

Shipwrecks, underwater parks, and scuba ,sites were identified 
from a diving guide (Evergreen- Pad.fie, 1979), artificial reefs 
were l ocated using data from DNR. 

2.4 Map No. 4 ( Fig . 1!-5) 

Point Pollution Sources , long-term Monic,,r log Stations, 
Salcvater Intakes. Categories mapped i nclud:e: (1) municipal 
sources; (2) industrial sources; (3) water s,ources; (4) sediment 
sources; (5) point pollution sources; (6) l o11g-te.rm monitor ing 
stations; and (7) _saltwater intakes • 

• 
Data were taken from NPDES per!Ui.ts and tlhe Municipality of 

Met,;opolitan Seat:"tle. 

2.5 Hap of Dt;edging Transporta tion Costs (Ftg. B- 6) 

This map shows the estimated cost t o trai~spo,rt a cubi-<> yard 
of dredged material the .following distances: 2, 4, and 6 
nautical miles (one naucical mile equals 6076 feet ), The 
distance, in cost, 1s shO"fn as clrcalar arcs from Everett , 
Duwamish River Mouc_h, and Commencement Bay. 
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The cost for dredging a cubic yard of mal:erial was esti­
mated to be $1.80 from COE r ecords. The cos I: for transporting a 
cubic yard over a distance of one nautical mille was determined t o 
be $0.25; thus·, the cost to haul a cubit! yard a distance of 10 
nautical miles equals $2.50, ·or approtlmatel11 139% of the 
dredging cost. 

2.6 Map No . 5 ( Pig, B-7) 

Gx:oundfisb Critical Habitats, Non-GroundJ'ish Critical_ 
Habitat s, Bald Eagl e Nest Sites. Subjects m.!tpped incl ude: (1) 
herring spawning areas; ( 2) herring hol:ding areas; ( 3) smelt 
spawning beaches; ( 4) ground fish critical habitats; ( 5 ) nqn­
groundfish critical habitats; and (6) bal d e,agle nest sites . 

The first five items were from WDF Tecb.nl.cal Report No. 79, 
and locations of bald eagle nests were obta imed from tl:ie 
Washington Department of Game. 

2.7 1".ap No. 6 (Fig. B- 8 ) 

.~h .. 11 fJ ch H,ihl t"-t"- A,maculture Sites . ~,ubJ.ects ma pped 

2. 10 Map No, 9 ( Fig. B- 11) 

Current Meter 
Bottom Currents. 
stations ; (2) net 
currents. 

Stations, Ne·t Surface Cur;ceats, f,fet Near­
Subjects mapped include: {l) curTenc meter 
surfac·e currents; i'\lld (3) ne t near-bottom 

2.ll Map No. 10 ( Pig , B-12) 

Ila thyme try. 

The original maps produced for PSDDA were done -at a one 
fathom contour interval (one fat:bom equals ;;i:x feec ) . The maps 
sho,m in Figw;e I1. 2- ll have been redrawn at: a ten fathom 
interval for clarity . The DSWG in its selec: tion of the ZSFs used 
t:he finely contoured charts (one fathom interval ) . 

Thes e bathymetry char t s were compiled by the U. S . Navy during 
the 1940's using data collected prior to Worl d War Il. 

2 .12 Map No . ll ( Fi g. B-1.3) 



The cost for dredging a cubic yard of mai:erial was esti­
mated to be S1.80 from COE records. The cosl: for transporcic,g a 
cubic yard over a distance of one nautical m:lle was determined to 
be $0.25; thus, the cost to haul a cubic: vard a distance of 10 
nautica1 llliles equals $2 .50, or approx.ima tel)I 139% of t.he 
dredging cost. 

2.6 Map No. 5 (Fig. B-7) 

Groundfish Critical Habitats, Non-Groundf;isb Critic.al 
Habitats, Bald Eagle Nest Sites. Subjects m;;,pp,;,d include: (1) 
herring spawning areas; (2) herring holding area,s; (3) smelt 
s13Swning beaches; (4) groundfish critical habitats; (5) non­
groundflsh critica1 habitats; and (6) bald e.;1gle nest sir.es. 

The first five items were from WDl' Techn:Lcal Report No. 79, 
and locations of bald eagle nests were obta ir,ted from the 
Washington Depar tment of Gal!le. 

2 . 7 Map No. 6 {Fig. ll-8 ) 

Shellfish Habita cs, Aquaculture Sites. Subject s mapped 
include: (1) geoducks; (2) other clams; (3) o,ysters; (4) 
mussels; (5) shrimp; (6) crab; (7) shellfish babitacs; and (8) 
aquaculture sites . 

Aquaculture sites were mapped from data s:uppl ied by DNR, a nd 
all other data were taken from Technical Repc,rt No. 79. 

2.8 Map t.o. 7 (Fig. ll-9) 

Fin Fish Harvesting Ar.eas. Subjects mapp•ed include: {l J 
salmon commercial; (2) salmoo recreational; amd (3) non-sal,.monold. 

Th'ese maps were adapted from data contain.ed in Techniical 
Report No. 79. 

2. 9 Map 1-.o . 8 (Pig . B-10) 

Vegetated Shallows/Wetlands. Subjects mapped include: (l) 
salt marshes; (2) sea grass; and (3) kelp. 

These maps were adapted from the Coastal Zone Atlas (1979). 
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2.10 Map No. 9 ( Fig. B-11) 

Current Meter 
Bot tom Curren ts. 
stations; (2) net 
currents. 

Stations, Net Surface Currents, Net Near­
Subjects mapped include: (l) current meter 
surface currents; and (3) net near-bottom 

2.U Map No. 10 (Fig , B-12) 

Ba thyme try. 

The original maps produced for PSDDA were done at a one 
fathom contour i nterval (one fathom equals si~ feet). The maps 
shown 1n Figure II. 2-11 have been redrawn at a ten fathom 
interval for clarity. The D~G in its selecti on of the ZS Fs used 
the finely contoured charts (one fathom interval). 

These bathy,netry charts were compiled by the U. S. Navy during 
the 1940's using data collected prior to World War Il. 

2,12 Map No . 11 (Fi g. B-13) 

Surface Sediments. 

These maps were reproduced from Roberts (1979). The data 
were collected from the Strait of Juan de Fuca and the Puget 
Sound region and depict the surface sediments in the Phas e I area. 
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EXHIBIT C 

SUBMERGED CULTURAL RESOUJ!CES . ADDITIONAL INVESTIGATIONS . 

1. Submerged Hiatoric Propel'ti es . In addition to th-e work c i ted 
in Exhi bit B. the ESDDA agencies undertook studies to assure 
c:ompl ianoe with Sect i on 106 of tba Na·ti onal Historic Preservati on 
Act (NHPA) . 

!2. Legal requi rementa and proc.e,u1 for considering aubmerged 
hiatoric propertiea . Section 106 of NHPA requires a respons i b l e 
'Federal agency to determine what properties might b<i affec t ed by 
an undertaking. 33 CFR Pa rt 336. l (c) (6) in particular directs the 
Corps to cons i der submerged h l storioal properties at disposal 
s ites. The properties should firs t be investigated to ~etermine 
whether they are elig i ble for inc lusion in the National Re g is ~er 
of Historic Places . I t there are eligible properties. t hen t he 
effec t the undert.aking could have on them i s deter mined and t he 
documented .conc l usions ot the responsible agency are sent to the 
SHPO and ACHP for t heir oonourrence . If the pro j ect has a 
recognized adverse effect on an eligib l e property , recover y ot 
h i storicall y important data Via rec:o.N:ling (drawi ngs or 
photographs) is one of several availab l e means to m1 t i ga t e the 
effect. Frequently, the kind of mit i gat i on i s determi ned i n 
adv.ance through a Memorandum of Agreement (MOAl between t he 
responsib l e federal atency and the off i ces of t he S t a t e H1sto r ic 
heservation Off i cer (SHPOl and Advisory Council on Hi storic 
Preservation (ACHP). The steps the PSDDA ageoc l es are fo ll o w1ng 
to achieve compli ance with Section 106 of NHPA are summar i zed 
bel ow. 

3 . Procedures followed . 

a. Identitic:atioh and Pre liminary Evaluation. In response t o 
comments received from t he SHPO and the ACHP relative to· 
requi rements of Section 106 o! the NlfPA , the PSDDA age nc i e s 
undertook !urther li terat ure investigations beyond those des c r i bed 
i n Append i x B. and high resolut i on Sidescan sonar reconnai ssanc e 
of potential submerged historic: propert ies in the PSDDA Phaser 
preferred d i sposal sites. As a result of these inves t igations. 
the Port Gardner and Commencemen t Bay s i tes were c onfirmed t o l ack 
h i storic sh i pwrecks , but the Elliott Bay sit e has five featur e s 
that appear in the sonar records . The.y may represen t sh i pwrec ks. 
Of the ! i.ve !eat.u.res, two are t entatively iden t ified 11s the A. J . 
Ful l er and the Multnomah. Both We r e bui l t near the end of t he age 
of sa il and su.nk in the early 20th century. 

b , El igibility and Ettec:t.. The ship presumed to be the f ull er 
has been determined to be el i gible t o r lrtc:lusion on b.he Nat i onal 
Reg i ster of Hi storic Places. and th~ Corps i s preparing req uired 
determinat i ons of eligib i li ty and eife o t f or this ship . Anot he r 
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sonar feature is presumed to be the Multnomah, ;,,.nd if the 
tentative ident·ification is correct, this ship would also be 
eligible. Th i s feature ls located near the northern edge oi the 
disposal zane. However, the Fuller is at• distance from the 
disposal zon9 but within the ,di,;posal site. Thro1..1gh archival 
research, the other 3 features have not been related to any 
eligible vessel s. Of them, one is in the disposal zone. 

c. lmpaot analyaia o{ future disposal activities sugiests t ha, 
propertLes i n or very near the d isposal zone could have direct 
impacts from falling dredged material , while t hose out-Side the 
disposal zone but Within the site could be gradually bur i ed by 
silty sands during the 40 years of ant icipated site usage. The 
rate of burial would depend on the distance fro m the disposal 
zone. The el<act locations of the features are recorded in 
repo.rts generated during the sonar reco.naissan<ie; thus. an 
opportunity will remain for intere.s·ted arch.aeological or 
historical groups to recover the struc·tures in future shou l d this 
be desirable. However, physical ~ecovery is not a viable option 
at this time, based on information _received in discussions with 
the State Historic Preservation Office and experts in underwater 
archaeology. 

d. Memorandum ot Agreement (MCA). The Corps has prepared an 
MCA which wil l be signed by the SHPO and the ACHP prior to the 
final d ec ision to al1ow disposal at th~ Elliott Bay site . This 
MO! pr•esents a plan o! action for further inve!ltig-ations: and for 
mitigating impac ts to shipwrecks at the Elliott Bay site . !t 
states t ha t through archival investigations, avoidance and 
attem_pt.s to photodocument any historically significant vesse l s 
located in the Elliott Bay disposal si te, full compliance with 
Sec tio n 106 will be attained. 

e, Archival investigation• were done to asst.1.r>e i.d.enti f 1,cat .i on 
of shipwrecks and provide information relevant to the 
determinations of whether a ship is eligible tor the National 
Register of His toric Places. 

f , Avoidance o! direct impacta , 
avoidance. 

PSDDA evaluated two methods o f 

(I) The zone adjustment option would entail a shift of 
the zone 375' to the south-southwest to provide a 300-3,0' 
clearance for the ship thought to be the Multnomah. Th1s would 
no t move the d isposal s ite boundary , because the bathym2try of the 
site is such that the western and southero bounda.-ias are steep 
enough to act as a containment !or the dredged materials. The 
other boundaries have been determined using a marg in of safety 
which, is still more than adequate to contain material with t he 
new ~one siting. The new center of the disposal zone would be at 
lat it ude N 47° 35.9i minutes and longitude W 122° 21.38 minutes . 
It would remain a circle with a radius of 900 feet. 
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(2) The disposal restriction option would condition 
dredger use of t he northern segment of the disposal zone in order 
to provide similar clearance . With this option, neither zone nor 
site boundaries would move , but a 40° wedge-shaped segment on the 
north end of the zone would be closed to d i sposal act ivities so 
that there would be no disposal of matel'ials near the tentatively­
! dent i± i ed Multnomah,. 

The PSDDA agencies consul ted with the SHPO, the Coast Guard, the 
Washington Sta"te Department of Transportation, the Port Angeles 
Pilots, Washington State Department of Fisheries, the city of 
Seattle Department of Construct ion and Land Use, and affected 
Tribes, the PSDDA agencies concluded that the zone adjus tment 
option would slightly decrease resource conf 1 lots in addition to 
avo i ding the submerged cultural resources . Zone restrict i on 
would require additional navigat i on gu~dance for the dredger , 
Neither alternative would req,.ii-re more steps in the pro c ess of 
finalizing the Shoreline Permit. Potentia l Indlah fishing 
confl i cts that might occur under e i ther option wil l be avo i ded 
through site management and cond t tions on permits wh Lch are 
requ i red prior to disposal of dredged ma.ter i als. 

It was determined that it was not possible to avoid direct impacts 
!or th~ one sonar !e~ture located near the c enter of the disposa l 
zone. It is a presently unident ifiable feature with approx i mate 
dimensions of a by 35 teet. Impacts were unavoidable because 
moving the zone !arther away from its present l ocation to clear 
this feature would cause serious conf l icts with other resources 
and human us .es, including shrimp resources and navigation 
concerns. ,However , this feature will be photographed as 
descr ibed below to identity whether it is a h i s tor ica lly 
sig>nificant vessel; and if so, it will be photodocU(tlented. 

g. Photodooumentation will be used to identify and record 
vessels on the site and to mitigate fo r disposal e!iects_ The 
SHPO and PSDDA agencies have agreed that the bistor i oa l l y valuable, 
information associated with the shipwrecl<s is their visi ble 
a.rcbit·ectural features. The concern for gradual bur1al of the 
vessels outside the disposal zone is that these features wil l be 
obs cured. Accordingly, an attempt will be made to examine a ll 
five object-s in the diS"posal .si 1:e through use of an unmanned 
subme-rsible vehicle with a video camera. Should visibili t y 
permit, they will be photodocumented. Ships that are de t ermined 
to be eligible for the National Register will be presented in a 
wr it ten report. Upon completion of the determina tions~! 
eligibili ty and effect, this will constitute full mitiga tion for 
any adverse et!ects due to disposal at the si te. Should poor 
nea-r-bottom visibility prevent photodocumentation, th e literature 
research for the Fuller and the determinations of eligibility (and 
poss i bly effect ) tor the Multnomah will be completed wi t hou t 
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further.efforts to photo-dooumeh{ the vessels. 

h. Schedule !or achieving oompliano• with Section 106. The M0A 
establishes that the attempt to photodocument, the bibliograph i c 
search, and reporting will comple te the requirements of Section 
106. The photodoou:mentation cruise will preceed the filing of the 
Record of Decisron so that the site may open for use without 
awaiting comp letion of reports (i.e., t he determinations oi 
eligibility and effect) to be completed. Actual s ite opening 
depends upon a city of Seattle shoreline permit in addition to 
Corps, Eco logy and DNR permits. 
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