
_ _  

--nt1uic~~t_ _ 1._fl
ani_~ lEtnitI __c lan

_ _ __ •



I c DII2.~ 
2.511111 ~ ~‘~: ~2.2

I.’ ~~ .: 
~~~

11(11’ ~ IiIfi~. uu~
R~ ~~ F~ N [ ‘-

~ ~A R



Approved For Pub l ic  Release;
D i s t r i bu t i on  Unl imi t ed

DRED(611L’1 DISPOSAL STIIJDY
SAN IF ’RANC ff SC O HAY

AND ESTUA RY
-r

.,I. ,v 
.. —

~ L1

. 1  C ’
MAIN REP ORT

FEBRUARY 1977
•1

§ C

~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

F SELURITY C L AS S I F I C AT I O N  OF TH IS PAG E (N ~~en f lot . Vntered)

REPORT DOCUMENTATION PAGE I3EF~~~~
D
C~~~~~~~~~~ J~~~~ORM

I. REPORT NUMBER 2. GOVT A CCESSI O N NO. 3. RECIP IENT ’S C A T A L O G  NUMBER

7 ~~. TI T ~~~~(O ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ S T~~a EOF REPORT & PE RIOO COVER ED

/ Dredge Disposal Stud yi /.)“ Finai ~ ,
~~~~~ . 1

San Franc isco Bay and Estuary . / -- -

Main Report  , 6. PERFORMING ORG. REPORT NUMBER

~~~~ 
7. AUTHOR (S) ~~ . 8. C O N T R A C T  OR GRANT NUMB ER(e)

~ John/Sustar

~~~~~ Thomas) Wakeman . —

9. PERF ORMING O R G A N I Z A T I O N  NAME AND ADDRESS ID. PROGRAM ELEMENT. PROJECT . TASK
A R E A  & WORK UNIT NUMBERS

U.S. Army Engineer District San Francisco ‘
211 Main Street
San Francisco, California 94105

~~.. CONTROLLING OFFICE NAME AND ADDRESS ,. 12. REPORT DATE _—
U.S. Army Engineer District San Francisco I,// L Febru~~ y ~~ 77
211 Main S tree t 13. NUMBE ROF FA1~’~~~~

’

San Francisco, California 94105 120
1 4. MONITORING AG ENCY NAME & ADDRESS(I1 dif feren t iro rn Control l ing Of f i c e )  IS. SECURITY CLASS. (of thia repor t )

.1 Unclass ified/ - .
~~ 

... C

7 . - l5a . DECLASSIF ICATION / D O W N G R A D I N G
SCHEDULE

15. D ISTRIBUTION STATEMENT (of this Report)

Approved for  public release: distribution unlimited .

17. DISTRIBUTION STATEMENT (of the abetract entered in 8lock 20 , if d i f ferent f rom Report)

18. SUPPLEMENTARY NOTES

19. KEY WOR DS (Continue on revere.  .id. if nec.aesry and ident i fy  by block number)

Dred ging Sedimentation
Environmental  Impacts Contaminants
Es tua ry  Estuarine Organisms
Water  Qual i ty

~~ ABSTRACT (C ant inu. ~ . reverse eisa if n.cee.ary end ideni i fy by block numb.r)

The report presents the results of a five year , interdisciplinary stud y of the
impacts associated with dred ging operations with open water disposal in San
Franc isco Bay and the ocean and evaluates alternative disposal methods in-
cluding land disposal and marsh development.

\

I DO I 
F O R I  

~473 EDITION OF P ~ OV 6S IS OBSOLETE

~~~~~ 7 .1 
~~~~~~ 

,~~~ 
~~~ SE CURITY C L A S S I F I C A T I O N  OF TH IS PAGE ( W?ren De l .  Enlered)

‘I

: r~~~~~~~~~~ T~~ ~~~~~~~~~~~~~~



DREDGE DISPOSAL STUDY.-.

SA N FRA N CIS CO BA V
AND ESTUARY

MAIN REPORT

— ‘ -

FEBRUARY 1977

V

U . S .  Army Engineer ~)istrict . San Francisco j
Corps of Eng inee r s  

I - -  -
.

- 

San F r a n c i s c o , CA

~ 

~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



_ _  
~~~~~~~~~~~~ ---- , - -- ~~~

DREDGE DISPOSA L STUDY
SA N FRA N CIS CO BA V

AND ESTUARY

TABLE OF CONTENTS
it em

INTRODUCTION 1-1

PURPOSE AND INITIATION I-I
SCOPE OF STUDY
COORDINATION 1-3

DESCRIPTION OF SAN FRANCISCO BAY I l — i

PHYS IOGRAPHY 11— 1
CLIMATE 11-5
TIDES r i —S
WAVES 1-7
CURRENTS 1 1—8
BAY SEDIMENTS F i—Il
CONTAMINANTS 11-14
BAY BIOTA 11-20
MAN’S INFLUENCE I [-32

DREDGING ACT IVITIES 111- 1

SEDIMENT RESUSPENSION AND INTERACTION WITH WATER TV-i

INTRODUCTION tV-i
INTERACT ION DURING DREDG ING T v _ i
INTERACTI ON DURiNG DISPOSAL
FATE OF RELEA SED SED IMENT
C HEMICAL REACTIONS IV— ]9

BIOLOGICAL INPACT V— i

INTRODUCTION V — l
BOTTOM DISTURBANCE V -2
DISSOLVED OXYGEN REDUCTIONS V-b
SUSPENDED SOLIDS LOADING V- 7
UPTAKE AND ACCUMULATION OF TOXI CANTS V-fl
BIOSTIMULATION V- 19

~~~~~~uuur - - ~~~~~~~ ~~~~~~~~~~~~~~ .... ,._, 
.. ~~~~~ — -~ ‘ 

.~ T - - ‘ 

---- -,-~~~ 
.‘—  

~~
-

~~
-

~~~~~~
- ,,

~~~~~
—

~~~~~~~
- ---- ~ 



- -  ______ ~~~~~~~~~~~~~~~~~~~~~~

TABLE OF CONTENTS (Cont’d)

Page

ALTERNATIVE DISPOSAL METHODS VI-1

LAND DISPOSAL VI-1
WETLAND DEVELOPMENT VT-S
COST COMP ARISON VI—9

CONCLUSIONS Vu -I

BIBLIOGRAPHY

CONVERSION FACTORS

• LIST OF FIGURES
Figure fj:~!;J.~.
1 SAN FRANCISCO BAY SYSTEM 11—2
2 TIDAL RANGES 11—6
3 BAY MUD DURING DREDGING Il-il
4 SEDIMENT MOVEMENT IN SAN FRANCISCO BAY 11-14
5 TRILINEAR GRAIN SIZE-CONTAMINANT RELATIONSHIPS: ZINC I l — l i
6 SURFACE DISTR iBUT iON OF PARTICLE SIZE AND ZINC I J—1 8
7 BAY HABITAT S 11—21
8 DREDGING AREAS 111—1.
9 HOPPER DRE DGE CHESTER HARDING 111—3
10 C LAMSHELL DREDGE BOSTON 111-4
11 N AVY HYDRAULIC CUTTERHEPJ) DREDGE 111—4
12 OPEN WATER DISPOSAL SITES Ii 1—5
13 AREAS OF SEDIMENT RESUSPENSION DURING DRE DGING P’-2
14 HOPPER DREDGE PLUME
15 OCEAN BOTTOM AT 100—FATHOM TEST SITE IV— 7
16 NODULES AT 100—FATHOM TEST SITE IV—8

- ‘ 17 CLUMPS RESULTING 1’OM 100—FATHOM TEST SITE RELEASE IV—8
18 SEDIMENT TRANSPORT - CARQUINEZ STRAIT DISPOSAL SITE IV-9
19 INTERACT ION . OF TWO PLUME S 1V -I 1
20 LABORATORY RELEASE - SILT WITH LOW WATER CONTENT IV-13
21 LABORATORY RELEASE — CLAY WITH Hi GHER WATER CONTENT IV-14
22 SEDIMENT RELEASE PATTERN IV- 15
23 ELUTR IATE TRACE METALS ’ CONCENTRAT ION S Pi-23

• 24 ELUTRIATE IRON CONCENTRAT ION S I \ -2 i

I i

1~

_ _ _  —



rABLE OF CONTENT S (Cen t ‘d

I’i ~~ire T i t l e  Pa~~

25 SURVIVAL MYT 1LUS ED U L L S WITH BENTONITE , GM/L v 9
26 SURVIVAL — CRANGON N IC R I CAUDA WITH BENTON I TE , CM/L V—9
27 SURVIVAL — SYNIDOTEA A TICAU DA WITH BENTON I TE , GM/L V— 1O
28 SURVIVAL - MORONE SAX . \ r IL I S  WITH BENTONITE , GM/I V- IO
29 SURVIVAL - C YMATO CASTER AGGREGAT A WITH BENTONITE , GM/L V-li
30 MACOMA BALTHICA — MERCURY UPTAKE V-IS
31 HISTORICAL MARSHES — 1850 V 1—2
32 EXISTING MARSHES — 197 5 V~ —2
33 POTENTIAL LAND DISPOSAL. SITES V T - 3
34 POTENTIAL MARSH SITES V 1— 8

LIST OF TABLES
Table Title

1 WORK SUTvfl~1ARY 1-4
2 PRESENT USE OF N E W  LANDS 11-4
3 W~ TER QUAl ITY I~l 7 O — 1~~7 S 1 1 — 1 0
4 ~}IY SICAL PROPE R~~~ES OF BAY SE DIMENTS 11-12
5 MEAN CONTAM I NAN T C JN CEN fl<A T IONS ll-~ 5
6 CONCENTRATION OF MOST A Rt JNDA N 1 BEN TH~ C O R GA NI S M S 1 1- 2 6
7 ANADROMOUS FISHES OF SAN FRANCISCO I~~Y 11-3 1
8 CORPS MA 1 N T F ’ A N ’E 2REU : 1N~ -~ROJ 1~C TS 111— 2

~ OPERATIONS C A ’J S I N G  ~1. D 1 N E N F EU SUSPENSI ON DURING DREDGING I V — 3
10 TYPICAL SEDIMENT D I S T 1 E E A N C E  I N WATER COLUMN DU R ING

DREDGING IV-5
1! PERCENT OF STUDY AREA W 1U H VAL TO t S PERCENTAGES OF

DREDGED SEDIMENT S IV— 19
7 MARE ISLAND STRAIT WUMN ER OF I N D I V I D U A l .  BENT III C

OR GA NISMS GO LL F ii) A N T I  I ’ER fl~~~ “‘ DREDGING V — 3
13 POTENTIAL I ~~ DT SPO SAU SI~~~: V I — 4
14 CORDGRASS — I M P A R ~~ ,ON OF I L~ M ABUNDANCE V I— 7
15 CHA RACTERIST f~~S OF SAN ~- A N C l  s(:I RAY DREDC INC SITES V T—J O
11~ HO~~~ .Y COSTS AND DA l i PRODUCTI oN RA TES FOR

rlR Er) G 1 I O U  I P M EU T V i  — 1
17 ~~URF. ’~ Cosis FOR TUGS A’~’ SCOWS (1973 Price Level) VT— U
18 ( O S T  OF P I PEL  E NE ~ (1 9~ 1 Pr i 1 . ev ’ l  ) V 1 I 2

S
. 19 R E L A T I V E  COST ~()~-l~’AR ~I~ N OF ‘RED ( TNG WITH ALTERNATIVE

DISPOSAL SITES V 1—1 4
20 SITE DEVELOPMENT COSTs FOR AN1 i ) I S P OSAI A~ E ~ V 1—1 .~
21 CONSTRUCTION AND PLANTING CDS’T S FOR AI .A1-IEI )A (REEK

MARSH :)E ; . ~~’M~- N T  V I — 15

i - l i

‘S

~~~~~Ut 

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ L:~~~~~~~~T~~~~ -~~ •~ 
— -

~~~~

- -

~~~~~~

- - - - 

~~~~~ -~



TABLE OF CONTENTS (Cont ’d)

LIST OF APPENDICES
A MAIN SHIP CHANNEL (SAN FRANCISCO BAY) June 1974
B POLLUTANT DISTRIBUTION in prepara t ion
C WATER COLUMN April 1976
D BIOLOGICAL COMMUNITY August 1975
E MATERIAL RELEA SE in preparation
F CRYSTALLINE MATRIX July 1975
C PHYSICAL IMPACT July 1975
H POLLUTANT UPT AKE September 1975
I POLLUTANT AVAILABILITY Oc tober 1975
J LAND DISPOSAL October 1974
K MARSH DEVELOPMENT April 1976
L OCEAN DISPOSAL Septembe r 1975
M DREDGING TECHNOLOGY Sep tember 197 5

1
S.

iv

is



INTRODUCTION

PURPOSE AND INITIATION

In recent years a major  conflict developed between environmental
and development interests relat ive to the e f f e c t s  of dredged sed iment
disposal in San Francisco Bay and estuary. The controversy was due to
the lack of sufficient basic information on the effects disposal to
establish guidelines for protecting the environment and vet maintain the
viability of commercial and national defense navigation.

The Corps of Eng ineers has respon sibility for  dr edging operati ns
in San Francisco Bay area in terms of maintenance of Federal pr ject~
and administration of the permit program under Se tion 404(b) I t  the
Federal Water Pollution Control Act Amendments oI 1972 and the Marine
Protection , Research and Sanctuaries Act of 1972 , and is vitally in-
terested in developing accurate information to guide the decision mak-
ing . Therefore , the San Franci;co District undertook a omprehensive ,
in—depth stud y to identif y the environmental inpacts of dred ging with
open water disposal and to examine 1t o rn a~~ive d is posal methods  t-

eliminate or mitigate identifi ed pro .~ - ems .

An investigation was in i ti at € : in Dec~~nbc 19/0 wj t ~ i had . ,
samp ling on the San Fran c  is~ o Bar .  F u r t h e r  ~r ivcs~. i g it  ions w er e ~ ~~ in
June 1971 when the hoppe r dredge “13 DDLE” i~~gan dc~~p i i n ~z i h e  Ma~~. Sh ip
Channel across the San Fra ’ c I sco W i r .  Tn ;iod t ion to  cont I l I d  ~~
log ical and sediment sam p IITl :~ and ~~:lt  r q u a i i t ~ m o n i L a r i I ~~ , U i \ ’~~~ 1~~

operations were expanded on the t a r  in I o r u a v 1972 t o  cent i n  he
eva lua t ion  of the disposal  op e r a t i o ns .

Prior to the Bar studies , dur ng th e — criod Se1 temh r 1907 t o
August 1969, the San Franc 1 re Di .-;t  r i c t  had sponsored f Ii ~C - m o  1.0 —
oratory studies by the U.S. Fish and W ildlife Service t o  d e t 5 r i o
effects dred ging and .secl U~a n t  d is7nsa ] would have on f i s h  in m. ’~ 0 i t e

environment in seic:Led and t ep r e sen t a t i ve  reache s (0 San Pro ci s - . end
San Pablo Bay . Subs~~c uen t  F uf m r m . d i  — - o o o i  ons w i t h  o th e r 5, - T i  u s -or
ind ividuals resulted in a i i  : - ; t  ~t que.~~ions r e q u ir  ing inves t  i g at i en  t o
d e t e r m in s  the  env ironment al  im p a - - t s  e t d re~~’~ ng ard d i s po s r i  ‘ oc l i t  ions .
Dur ing  the su:mner of 1971 , the t o  F r an  soc D i s t r ic t  o s ,. Z~~I t i c  l i s t
into a formal stud y proposal and d I s r r ’ b u t ed  a draft. oF t~~ P r e l i n i i n n’v
Plan of Stud y to s t a f f  levo l r e p r u s c i ’i ts . .  ivos  ct r c ’ l o r a l  , S t a t  t and
Reg iona l  agencies  hav ing  r e g u l a t o ry  f u n c t i o n s  for  d r e d g i n g  i~ t h e  5,~~
Franc isco  Bay Area ior rev i ew and comm ent .  This r e s u l t  i u ~ ~.on ’. wa s
a u t h o r i z e d  b y the 0: fi ni of Chief of Eiig ine i’ ’- ~i; d at e - d  72 ~ . r  9 7 2 .
under the a u t h o r i z e d  pro j e c t  S - i n  T O O  t SCO Harb or , C a )  i t  O Ff l~~~~I .

1 — 1
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SCOPE OF STUDY

The basic concept of the overall study was to address to the
grea te s t  e x t e n t  poss ib le  the mechanisms involved and the  i n t e r r e l a t  an —
ships of the va r ious  phys ical , chemical and b iological  parameters  being
i n f l u e n c ed b y the dredging a c t i v i t y  or in f luenc ing  the dredging act  iv—
i t ies .  The concept of base l ine  type study was not considered to be
f u l l y  adequate  because of the  size and comp lex i ty  of the Bay and the
l ack  of a b i l i t y  to de te rmine  c a u s e — e f f e c t  r e la t ionsh ips  from base l ine
changes. Baseline stud ies were, however , conducted to the ~~tent nec-
essary and other  ind ividua l e lements  were conducted in such a way tha t
r e s u l t i n g  da ta  would serve as input  to ba seline d e s c r i p t i o n s .

The stud y was set up to be problem spec i f ic  and s i t e  s p e c i f i c  to
San F ranc i s co  Bay,  r e c o g n i z i n g  t h a t  it may have v a l u e  to other  areas .
Thir teen study elements were ident i f ied  (excluding the studies on the
San Francisco Bar). Each of the thirteen elements addressed aspects of
dred ging within the Bay using e i t he r  open wa te r  disposa l or a l t e rna t ive
disposal methods.

The f i r s t  stud y ca tego ry ,  d e a l i n g  w i t h  dred g ing  w i t h  open water
disposal  in the Bay . involves ten t h i r t e e n  ;tudy ‘l~ n w r r s , ani~ in
further divided ‘into t h ree  l evels  f s tud i e , •, the ch a r i o t - r  i zat  f u ~ of
the  p h y s i c a l , cheni~ e . i l  and h io~ ~ ica t t~~~rcr s ; f i r s r  level  i n t e r a c t i o n
studies; and mu Lti p le interact i i  n stud ies. These ten -

~tudv elements
ar e:

Descript ive

PoL1 t~-rANT D I S T R I I i I ’ E ION
WATER COLUMN Characteri zi-

ph ysical  f a c t o r s
OXYGEN SAG
MATERIAL RELEASE
BIOLOGICAL COMMUNiTY — C har a c t e r i z e  Bi ota  (Ben th ic )
CRYSTALLINE M.\TR LX — C har a c t e r i z e  Sed iment C h e m i st r y

F i r s t  Level I n t e r a c t i on s

PHYSICAL UA~~~~T — R el a t e  Physical  and B i o l o g i c a l
• POLLUTANT UP ’i’AKE — R e l a t e  Chemica l  and B i o l o g i c a l

DREDGING TECHNOLOGY — R e la t e  Ph ys ica l  and Equ ipment

Mult !p le_ In te raction

POLLUTANT A V A I L A B I L I T Y  — Int eg ra t ion of F ac t o r s

I Li

1—2
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The second study category , dealing wi t h a l t e r i ~ i t i v e  disposal me thods , -
presents  i n fo rma t ion  specif ic  to San F r a n c i s c o  Ra~ on t h c  procedure  f o r
each alternative and a preliminary ev i1~~atiun impact and r e i d i iv ~~
cos ts  a s soc iat e d  wi th  all disposal  m et h o d s .  There a re  t h r e e  s t u d y
elements in this category:

LAND DISPOSAL
MARSH DEVELOPMENT
OCEAN DISPOSAL

The thirteen study elements were accomplished through a combination
of in—house efforts , contracts with engineering firms and r~ search
institutes , and interagency agreements. Table 1 is a work summary of
the s t u d y  e l e m e n t s .

COORDINATION

The initial development of the plan of study was the’ outcome of
informal discussions and staff level meetings over a two—year pen Id
with Federal , State and local ageni ~~ and individu als in the Bay ares.
In October 1971, the Dredge Advisory ~oup wa~ formed with staff Level.
representatives from Federal , State and Wo~tinr i e 1 o~~eflc i e~ having r”z, —

latory functions for dredging in San Fra im ~~i sc r  F y .  It mi-i monthl y in
an informal forum to discuss both ~ciic ral 1::. ~r o j e ’ t —s p e c i f  i i -  proble. is
of dred ging operations . In addit icn to r ’vi wing the draft Plan of
Study, the group received motitoly biief ings ~hich included review of
scopes of services and study findings. The agencies i - p r e s e n t e d  are :

U.S. Ea -ironmental Protection ~~en-~
U.S. F:tsn and Wildlife Service
U S  National Marine Fisheries Ser’~ice
U.S. Army Corps of Engineers
California Department of Fish and Can e
California Stato Lands Commission
California Regional Water Q ua l i eT . Co~iirul Board .

San Francisco Region
San Francisco [lao Lonser ’c i t , i -~n ~n0 Development Commission
Cal  i f or n i a  Marine  A f f a i r s  ,nid N i ~ ’ i~~ - m t  m O  ( ‘nf ’rence
Wesc Coast  Dredging As soc i a t ion

In add i t ion  to the Dredge Adv rv Group , a group ot coi~s ul t a n t s
met  several times to p r o v i d e  t C c h n i T  a go [dat -ce  and r ev iew d u r i n g  the
course of the  s tud ie s  w i t h  m a j o r  emp h a s i s  on the ’ c, h e m i - ’ m l  and t- . o l o g i c a l
s t u d i e s .  ‘[‘he ( - on s l l i t  an t s  were :

I-?
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SAN FRANCISCO BAR S.s. ~~ i.no i. t r u c  ‘ o n s i . - i  pny ..ca.i , n.e.nc.l inn ,un.tn, j0p,,, 
~~~~~~~ A

s c  L~2u $ i C , . i
.514 , i ~~~ ,5t* MPPOli , f l0

T o n i l l , nc 4 i 1 ’ Y  ~ond ’s ’ - t phy s ic ,. , ac. - - r i n g  . i i i tss kobsraon
:O’de ’ — , — .—c , 0 5  and -~r r r n t  s t . i i e n

POLLUTANT DISTRIBUTION Sin ?ranoi.no iliS t rict - 

~~~ 
~~~~~ usc . p r s p . r e ~u.ro Ic ii~~r kioSsaa-d ..ct.r B

0i~~lf le  .00 0 ? y 0 . c , l  ‘4 , ~5 .0040. 0 .015Cm p r o f i l i ng  5.org. Tiny

bitt. .  ( S cC’.07 — 7  5— 0- 00 , ‘~~~~~~~ 4 .4’~ b i , i ’c  core ~o.npI.s
Sooth i’o c l ( l c  S i c in u c , ~ sb 4 ’ , ‘ ‘4 . u . y s o  cot . sam ple.

i 1,80. 5. 5 ,  IS

RATER COLUMN 5*0 tIcancisco . , i a tr i c  t - M on i to r  atandstd ..5n.r Thom.s W~k.~ .tn Thom.. uau..an C
Saul  i t j  paras.t.r . and
pr.pura ..ppaodia

OXYGEN SAG 5.0 15000i.oo 5l.triot — °..n n ~ iloan load ooyg,n Thom.. dU.nao Jots1 S~~ tog C
and pr ep...’. ap p.nd uo

brown and C~ 1da.il 14 , 150 M o i I . , -h.,,, t v.y ooyg~ n ~ru1g .sltor -(tcuC wOl..73—c—oo5 l
t5.einnm.ot.5 .so.itty Ansi. 6 , ?5i ’ Mc~~ih c r  di..c l o.d coon-an llob .rt ... Sn-laP.

(54C0 0 7.74 .C—0o44)

BIOLOGICAL COINIUNITY c t a u c f o r S  M.a.oach t n , t l t . 5 a .  - c h art sample . (or idatct ls So’ . 5.010 Ito Thom... .akomts, 0-~4O7 _  it— - — 0)0  21,8 (m ot i on of info,.,.. bon th ir
(co ~a u) — 54 — —000, ’ 164 ,11,2 urn-aria. ., nr ,araut .r.a.

che.letry ot  o.d i na,at .255
n.c . r and p .5 1 .,re ap i ,nn dho

MAT ERIAL RELEASE San Ppanci.cc, Di.t,-lnt . ~nn 2 S c 1 ~~~ .5pi i80 pro,... , h ioh,ara scOot R inO~,d Lu 000
doho and pt’sp.r, .‘pt d I l l i a m  ..,rO.y

app.r.di.
W at.r..aSo. Caperiment S tat i o n  495,500 iev.lop t ruoar t.chniqo. , 84 Lealty

i 586— 7 5—502 6)  s u b  . . . hcont ,  into-odac . ‘*0.0 and
St~~~(nrd Re000,r nh In s t i t u t ,  and *noiyi - o.ps.. Mo r t Lan.

Uy d roIogmn Cagln..r,cng to, sor 4 ,h5 )*o. up data
I prnors.

St a nfor d  005.a-,t t n s t t s , , t a  58, 9” e~ s . , , t’ tlia.r lcaA ‘.“ . — n  - - c r  -
(C4 C00 7_ ? t_C. ’)0 7’c , - t randpc ,-’

CRYSTALLINE MATRIX 
~.ttni,~ Scrthw..t 14? , - , c e c t ’orm oh..4n.l i n s l y s . ,  Sf 1  S.rn s Thom.~ 5*00.50 F

flACW0’ — ”3— ~ —00~~ I o t Sad - sant. ‘*0ci-..disco.
f r tC t lOh.L,.n and d e c o r  . -not pr.p c—r arto nd ia

PHYSICAL IMPACT And.g. Maria. L a O r *c c ’ 59 , 10 S n O  - c’ ..2’ r tory St u d i o.  .n 0 .  ‘h,..-” Thomas •*0•m.r C
~~AA c ’n t r n c t n - , p - - l em.c. o r .  n:t. f sa o panded Cc 4, 0041cc” .nt e rarnc y .r ,fln ’c ’, 0.’tpc - i t  -s -.inI 5 :  ,.ulv, d

OXy fen i.s . o ,n iean  and
pr•pn~rn s5

POLLUTANT UPT AR E Lassaaon. 8.rkai.y Labor atory 99,47 0 000dno t fi e l d  stadi.. daa’lng ditto, dfld. r uini Thom,.. .000 aSl H
( buCWl )7—73.. 8—4194 ) d r e , ng - nod. o ’ O n n o ~ John ,)tt.~~ .n

140 0 and pra pur.
o p p . n d t o

POLLUTANT AVAILABILITY Lowoa no. B,rkOl.y !~o bora to ry l I O nS’S .ondn ct  f i e l d  .t . .di .s  on m ot or ascd.r luni ‘Toon~a sine... ’
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Dr. L. Eugene Cronin — Chesapeake B i o l ig ic a l  I , ; , t ) i  i ,  try ,
Unive r s i t y  of M a r y l a n d

Dr.  John Harr ison — U . S .  Army Eng ineer W a t e r w i v s  Exper imen t
Stat ion

Dr.  Sewell H. Hopkins — Texas A & M U n i v e r s i t y ,  r e t i r ed
Mr.  John Ladd — California Department of Fish & Game
Dr .  C. Fred Lee — Univers i ty  of Texas , Dallas (did not p a r t i c i p a t e

dur ing  last year)
Dr.  Wil l iam H. Pa t r i ck , J r .  — Louisiana State Unive r s i ty
Dr.  Donald J .  Reish — Cal i fornia  State Un ive r s i t y ,  Long Beach

The Corps of Engineers Commit tee  on Tidal Hydraul ic s p r o v i t h d
technical guidance to studies on sediment movement . Count less  other
individuals provided informa l guidance to all of the study e lements .

The stud y complements the Dredged Material  Research Program at the
Waterways Experiment Stat ion , Vicksburg,  Mississippi.  Close coordina t ion
w i t h  the Sta t ion  was maintained t l lrou gh  f r equen t  s t a f f  meetings .
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DESCRIPTION OF
SAN FRANCISCO BA Y

PHYSIOGRAPHY

San Francisco B a y ,  shown in Figure  1 , is a drowned v a l l ey  t h r o u g h
which  passes the  d ra inage  of the great  C e n t r a l  Bas in  f Cal iforn ia . Thi-
ou t l e t  to the  ocean is the Golden  G at e , a 1 . 6  k i lome te r  wide , 4 . 8  ki lo-
m e t e r  long s t r a i t  w i t h  dep ths  in e’-:cess of 90 meters. The Bay s’o’stem I S

composed of several distinct ar ea s sepa ra ted  by n a r r ow  s t r a i t s .  Su i sun
Bay at the upper end is moderatel y narrow and a l l  ows r u n o f f  f r o m  the
Central Va ll ey t o  pass  quickl y into the more saline areas west of the 11
kilometer iong. ( : i c~~: l inez  S t r a i t .  Sa n Pablo Bay provid8’~ the first area
of ’ e x t e n s i v e  m i x i n g  of f r e s h w a t e r  r u n o f f  w i t h  s a l ine  Oi t ’Ofl w a t e r .  The
isolated South Son Francisco Bay receives very l i t t l e  r u n o f f  because
there are no large tributaries and ‘ii v e ra l  sma l l  local  d r a i n a g e  areas
are  i m p o u n d e d .

The Bay System has an area of 1 ,026 square kilomer0-rs at mean lower
low w a t e r  and 1,191 square  k i l o m e t e r  - at  f l h c : l f l  h igher high water. Ex-
t ens ive  i n t e r t i d a l  mud i l a t s , C O O L  m p a s s  ‘ III ’: no area of i6~s squa re  k i l o -
me te r s , are e ’ X p ’ S . ’ o it  r o w er  low i~ I c r ,  T a cr e  rla c ,dins 32 9 square  kilo-
m e ter s  of ma r sh l and  along the per lassr .’ L e r  i t t  t l t c  P a y ’ s 4~~2 ki lometers
shorel ine . The B ay ~s genera l ly )~a , I l  low c i  c 1 cm two—tJ i irds of  ~,he a r ea
less than  5 .5  r s e t c r s  deep anc onl y 20 perc at greater than 9 meters
deep.

The rec ent geologic landscape ev. l u t i ” w i i t . ’Il ‘ ‘ r o a t n ’u S i n  F r an c i s c o
Bay has been complicated and is net  c~ - ’ar1v uad~.’~ stood . Some L o O m !
facts are known. The valley that became the Bay was a structural de-
formation trough formed by tectonic -lowi’iwarp ing and ~atil’ ing 1ll r in g tho
P l iocene  Epoch.  Subsequent  s t r u c t a e  :‘~i 1ermat ions  caused by c r u s t i l
compression took place in the l’leis~ c.cc ite . The basic outlin e c~~ the
bay—va lley as i t  ; ppe ,irs today was s h . i p -3 by t h i s  po in t  i n  t t o .  Th i s
valley form has boo 1, .ont inual  ].~ modif ied by loca l prooc aso’s - ‘1 erosion
and deposition.

Ihe river system , which be cause  t h e  S a c r a m e n t o — S o n  .~oaquii~ , t i n ’—

ve l, ’ j o& d a n o I s r l cL  in the v i c i ni t y  of the Go~den Gate prior I - - the
Pil-ist 1)C1,’Il(.’ . ‘th i s  r i v e r  sy s t e m  whi ’h dral ns tIle great 1’ . rtr .~l Basin of
C t l f  f o r n i  a was w e l l  estoti l islied in th i s  cp oc ’h.  D u r i n g  L b s  “leistco’ene

• the north—south trending hills s u r rc ) u n d i n g  the  b a y — v a l l e y  were u p l i f t e d
it  LI  rate slow enough to all oi-.’ t lic r v c r  t o  ma l i t !, a i n i to course t ~ t h o ’
sea and to carve deep canyons at C ; s r q u i n e /  and :ct th Gel c m i i  G a t e .
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S , i i i  ‘ r , o i c _  i sco  hay  was formed by  ‘o ’c_ i  :sg c i i  , ‘- . v d c r  inc ti c .’
i n t c _ - r g t . c c ’ i a l  st ag es  of t he  P l e ist e c ’ne - -nil lh ’ l c c c c S c _ c c t ) .  The m e - ,t
roa c l i i  m a r i n e  t r a n s g r e s s i o n  occur red  15 , 000 t o  .~~“ ‘0 -,~~~cr~ a g c c  ~ I t h  t h e
adver~t of t h e  Wiscons in  i n t e r gl a c i a l  at  . ig o ’  ‘I Scet- ~ : l u ~ t u a t  111 i i i i  j a s  i on s
o f t h c _ ’ s e l  i n t o  t t !~ bay—valley were’, m d i n l v  , a result c c l  ~- u s t  , t i  i~-e
in SeLl level caused by melting of massive conti nental g l a c i e r t - and  h ’
L o c t i l  s u b s  idence. The rise in sea level i s-i estimated to have bec ’u about
90 me t . e’r s .  Local subs idence  has also been a factor in the (:hLcngs ol  sea

level in  the  Bay . Archaeolog ical  evidence derived f rom s h e l l  mound
ex~’ avat eons on the east shore of the Bay indicated sea leve l  h a s  r i s e n
7.6—9.1 mo tors in the last 3,500 years.

Tiso ’ su r f a c e  area 0! S,c~ Franc isco Bay (including marshlands ) sr  ~ c c r

t c ~’ 1850 is estimated to have been 2,038 square kilometers. ‘1)5 )I. 1550
Ba consisted most Iv of ,i shallow , shelving Bay floor with o ’ ’ t  ens i v
sub—tidal and int e r—tidal flats coupled with expar,-’es of  a l t  rio t b l a n d ,
s it iii ted mainl y irs South Bay, San Pat ti u Ba and Sri I ~un ba~’

The physical geography of the Bay has been si gnificant lv mod ii led
by lan d reclamation work since the middle of the nineteenth ‘ - t n t u rv.
The purpose  of historical land reclamation has dif i ered hr cio Is i lt  t he
Bay and has resulted in t i  variety of land use t’!atterns c i t  new land
r ecovered  f r o m  the Bay. Since the cu d—nineteenth - entur ’ , ~ u’ , r c t x  H. ; , t  ‘ l v
619 s q c ’ ir ~’ k i l o m e t ’r ’ -i or  31 p e r c _ - T i !  ‘5  • cc Bay sv s t  c m  f t  bee: - - i ’ her

ff 1 lcd or :l i ked—of I and c i r a i i c c _ ’d to ;u r ’’ ’,-id e new land t u r  ii r an 1
Sli t i Vi t iL’s

l i i i  t lal land r e c la mat  ion a l o n g  t h e  si I c c r e  c c l  t h e  I~ 1’ 4 c ’ St  em w.~ --

a lined a t  developin g port f a c :  1 1 i t i e s  and ma r i t i m e  c immerc i en s  t o
deep water in Central Si ts Franici.sc•- B,’iv . Other earl y I,,-:,, re I o n  i t f a t

op e ’r n t  io ns were c a r r i e d  out  to recua c ’r additional cg ri cuc c i i  il . i t i d t c

f r om  s a l t  mar sh l ands  s i tu a t e d  m a i n l y  i i i  S o u t h  Ba~’ , San i a b l c ! h . t ’~ f l

Suisu n  Bay .  Subsequent  r e c l a m a t i o n  p r oj  o ut s have r s cover e ’c 110 a- ~-tti d ‘ r
salt ponds , as well as for industri al , transportation , reside n t ia l
recreation uses.

The Corps of Engineers estimated the use of the 619 q u l r c  k c i c —
meters ~i )  new lands as shown in Tjhle 2.
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TABLE 2

PRESENT USE OF NEW LAND S

USE % RECLAIMED LAND

transportation 7.2
Industrial 4.8
Residential & Commercial 3.9
N i l i t a r y  & Reserved Lands 6 .3
Recreational 26.9
Salt Ponds 24.8
Agr icu l tu ra l  23 .2
Dumps & Vacant Lands 2.9

Of the reclaimed lands, about 40 percent are s i t u a t ed in C en t r a l
and South San Francisco Bay, 30 percent in San Pablo Bay. and ‘30 percen ’
in Suisun Bay . The largest  po r t ion  of th is  new land (9 3  ) was rc . -ov er ed
from marshlands while the remaining 7 percent was ~~~~~~ esed from inter—
tidal and sub—tidal lands.

Reclamation has irrevocably changed the geometry of ~lie Fsav i ) y

reducing b o t h  the volume and su r f a c e  area of Bay waters. Th t i d a l
prism has been diminished , causing a g e n e r a l  reduction ot t icto l c ‘ c r e n t
ve loc i tie s  and , to a lesser e x t e n t , reduct ion of tidal elevat ‘ins
ranges , combined with alteration i salinity in different parts u S  cbs
estuary. This reduction of the tidal prism has diminished the eapa—
bility of tidal (Irrents to disperse and flush contaminant~ set of ~he
Bay system . Land reclamation has reduced the surface area of the Bay b.’
eliminating fringing tidal flats and marshlands. This has dimini shed
the system ’s ability to reoxygenate Bay waters. Lowering the dissolved
oxygen content of the Bay has reduced the capability of the estuary tn
decompose biodegradable contaminants. Tidal flats and marshes p :ciduce
nutrients which serve as a base for the food web , capture ions and
dissipate energy. Alter ation of the submarine configuration of the Bay
basin coup led with the reduced tidal prism has increased shoa h ing ratis
and changed sedimentation patterns in many areas. ‘1 l-~ acco~~o ’~~ :tcd
shoal inig rate is caused by reduced tidal current vt’l ccities , i i c c rca~:cd

‘ salinity (an~’ there ‘ . flocculation), and decreased Ba~ •,‘ohs!i Tc ’ .

Surface areas and volumes have been reduced mainly a r o u n d  t i e  siu~i l l o w
perimeter of the Bay.

11--LI
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CLIMATE

‘I’here ’ are wide c o n t r a s t s  in c l i m a t e  w i t h i n  shor t  d i s ta n c e s  around
San Franc isco Bay. In the summer t ime , t e m p e r a t u r e ’  of  t h e  P sic if ~~i ’ Ocean
is unusuall y low near the coast and atmosp heric pressure re lati ve 1~
h igh , while the interior if Calitormia is characterized by the opposite
in both elements. This tends to intensif y the  l andward  movement  of a i r
and to make the prevailing westerly winds brisk and persistent , espe-
c ia l l y  f r o m  May to A u g u s t .  As a r e s u l t  of the stead y sweep of a ir front
t h e ’ P a c i f i c , t he re  are few ex t remes  of beat or cold . A pronounced wet
and  d ry  season is a n o t h e r  cha ract ~~c i s t i c  01’ the  climate. (In the aver-
age , almost 85 percent  of the t o t a l  annual  r a i nla l l  occurs betwee ’s
November and April. Average annual rcinfa ll varies f rom l-a ’,iut 0.4 to

0 . 5  me te r s  at d i f f e r e n t  locat ions  around the  Bay .

T IDES

Current. p a t t e r n s  and  w a t e r  o c r f ~~ c~c ~ ‘ ‘vat ions i n  t i ’  8a~ s” sL o--~ , are

determined by the effects of the  c s u f  igui a~ ion of th e s” sn ~~c: fl f r e s h -
water and tid a l inflows. The submarine c - - ii! ’igur’at f an  fo m id by L i ; c

series of broad shallow bays connected by csa:u w straits dela~-s t he
progress of tide through the system ~— c -ca usc  each successive h- c ’~ mu ~
fill and empty the large v.j~~om E’  c l ’ i t s  t i d a l p i - ism t h r c cu , :h i t s  n o r r i s’
opening. Tidal changes ‘st Mart I: “a’~: 01 the so’ith shore -t Car q u
Strait , for example’, lag behind those ‘0 the ~

‘o]den Gate by i .h ~c-curs
for hi gh water and 2.2 ho urs b r  low water. The eonf i g i a t i c o  L i !  t~~~L

system also affects the relative amplitude of the tides is well as tidal
current velocities in various parts of the ’ system .

The tidal lags and am pl it id o variations in the Bay system result in
increased residence t ime of sediments in some parts i f  - I

• s vst e s :  arc !
decreased residence t ime i n  o t h e r s , h a v i n g  the  e f f e c t  of inct a si n g

• deposition in some areas and s-our in others.

The T ides of the San Francisco Bay - ‘ ‘si c -m are ,f a semi—diurnal
mixed t c ) c e  wi ti’ l,’ci  high and tv’ low c,~arers per day  with a large diurna l
inequality as shown in Figure 2. The largest d i t  Ieren’ to :~~ range is
between higher h i g h  water (HhIW) and the’ subsequent lowei Low i~’ater
(LLW). The rise and fall of ti’ ’ - t ide modifies the effect of vov i action
on the bottom sediments (i.e. , sha h low  r u b - i  idal z n - -i ci i  t l s - ’  Ba~’ s1rc
exposed t cc greater W ,r i \ ’ c ’ t u r b u l e n c e  dur ing per j ods 0’i 1 c e  it  or t h a n  h i  gI’
water).
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The e f f e c t  of the long ebb c o u p t ’ -d w ’ t h  the  g rea te r  rangc ~‘~~~veen
HHW and L 1,W e x p o se s  a wide c:-:paIIse cr2 La ~‘rtidal sediments to save
generated erosion , resuspension and t r a n s p o r t a t i o n  fo r  an extended
period of time. During t h i s  per iod  of exposure to the atmosp here , the
surface sediments in the intertidal mudflats are also subject to oxi-
dat ion .  The t ida l  prism of the en t i re  Bay system has been c a l c u l a t e d  to
be 1.5 billion cubic met eis. This means that about one—fourth of the
volume of the entire system (including Suisun Bay) moves in and out of
the Golden Gate twice during each tidal day.

WAV ES

Waves erode , resuspend and transport bottom material within the Bay
system . Wave action is an especially effectivc force in the shallow
areas of the Bay. Energy characteristics (height , length and period ) of
wind generated waves are determined by fetch , velocity, duration and
direction of the wind , and by dep th  of w ac e r .  The transmission of
shallow water wave energy (depth of water is less than 1/2 wave length)
is controlled and modi f ied  by submar~~~’e topo grap hy .

The e f f e c t  of ocean wOves  ,,~ cd Swc?1l oh a - , ;r -~n t  t, lnspor t ’atcr )n

the  es tuary is m i n i~,~~l e>:oept near the  nac -a~~h - I b is  r e su l t s  t~~ crf l i

damping effect of the narrow Golden Gate on waves and swell ‘m v i n g  ic, Ha
the Gul f  of the Farc,i l - ‘r o e s  ~

‘ ro cc j  , ,h rc re  ~~•ceroting areas.

The predominant wind di r~~- r i o t s  i~s f r e m  rho west t7,rnugh sout h .
These wave-producing forces coupled wi’ • a l CLg fcrch ,, i-•d du rat  ci t  -an

generate one meter high waves oven brc- ,~~ Ce,iclies of the Eav . 1~~ ~s
dur ing  th is  period tha t  t u e  g r ea te s t  c-~~e of annual shccal ing ai~~u , , ’ -s to

occur in certain reg ions 01, the ~~- c ~ . Th u  effective depths ~f wave
action (wave base) in es tuacies  It. 5ei-o ’rally l imited t ’, c depth J -r- :~ -lian
9 meters  below mean sea le ve l .  idi the shallow subtidal areas waie
turbulence erodes oct :on i  coo Ln t ’~~i s  c u d  r esuspend s the sediments in to  it
water  column . Sed ir c ent r r ’ t i , c l e s  r esuspended by wave a - t i m  c O  tr ans—
ported in the di r” tior o ‘if water c ar s  t - ans 1~o r t  . ‘Ih e pcogressic:e motle’Ti

of o r b i t i n~; i/titer partic~~et, i c ~~t i t ’  , s’--ec ’ tra’reling over ~hj I 1 , r- regions
resu l t s  in the slow sbon’ew’ci’ ! -sdv r, i-ee -~ sed ~n e i & r  icr  th~ d i r ect ~sn o f
wave propaga ’ a. In the intertidal ott as l’~ ca1 rg waves churn up the
sed iment w i t h i  S I L O  breaker zone nud t r an sp cr t  I t  shereward i n  t i i ~ ‘.~‘v,’~
of translation. At the shoc-e , longshore t . u n s p or t  - 

‘ i j e ’  of t he pr ° u-’.rv
mechan i sms  caus ing  ‘nateriai to move c a L e r a  v sc , 3 ~ c : s ; a u l at ~ £n c e r t r ~~r i
zones.  This lnngshore  t r a n s p or t  is~~~a cj -sed i ’ j  t b .  - c l i q u e  ; ,i p r o a c h  c ’ l

Incoming waves and the redistr ib ’it i “ ~~~, d o e  e r i e ’ - - along a ‘;I, ’,,~~e~~ine .
The let  c’s ’ f c c  t of w - o ’e act  i ’ ll r he h a y  is  the dc i , 0r ,,’ ~f a sh i en ’ 1 c d
and bedload sed iment is the ‘ c u s t o m  ~, c s c o r c  of the Bay . fhis sc ’ d i m e  n ?  i s
depos i ted  to f e r n  i, : . t c f l , , ! vc  s i i i l t j O ,  c i i  h i  , ‘ i  t j - J a j  - i o d f 1 ’ u ~’~ - .
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CURRENTS

C u r r e n t  ac t ion  in the  San Francisco B ay sys tem can be separated
in to  t ida l  and non—t ida l  c u r r e n t s .  Pr imary  n o n — t i d a l  cu r r en t s  i n c l u d e
r ive r i n f l o w , w ind—dr i f t , and sa l in i ty—dens i ty  currents .  The t i d a l
c u r r e n t  regimen is a mixed type w i t h  four instances of slack w r i t e r  and
f o u r  ins tances  of maximum ve loc i ty  dur ing  two floods and two ebbs d a i l y .
Uighes t  cur ren t  s t r e n g t h s  are a t t a ined  dur ing the period of long ebb
between higher high water and lower low water of the tidal cycle. Ebb
currents are increased by freshwater outflow ; conversely, flood c urrents
are reduced by the sane force.

Velocity and direction of tidal currents vary in the water column
w ith depth , and direction depends on phasing of tide , freshwater Inflow
and submarine topography . During high freshwater inflow (winter con-
ditions), ebb currents predominate at all depths . However , during low
freshwater inflow (summer conditions) flood currents predominate it
lower depths .

A longer period of low current velocities occurs around hi gh water
slack than during low water slack caused by a decrease in tid al wave
amplitude towards the tidal flats along ii - Bay shore . Flood-s ide
waters advance in a uniform front , deposi lici material on the jilter—
tidal flats as they travel shoreward . Ebb—tic - waters ret r c -it  in chan-
nels meandering across the interti da1 flats , eroding material fe -a thi
bed and banks of the channels as they move towards deeper water.

Tidal currents erode , resuspend (turbulent mixing) and transport
sediment f rom the tip—current ced irient reservoirs of S ui su n  and S-ui P a b l , c
Bays. This sediment is r acy .  d in suspens ion and as bedload throug h
Carquinez arc I ~l, r1 Pablo ~,ra its into Central San Fra:ie I so, Ba’.

Once those sediment—laden waters arrive i n  the broad expanses of
Central Bay, their velocity is diminished and they lose much of their
ability to carry sediment. &t the same t ime these brackish waters arc’
m ixed with more c;uline ocean wat~~r , and suspended sediments f lcro and
settle to the bottom . These newly arrived sed iments are subject to
movement by add !tional estuarine procec;r.es.

Freshwater inflow during winter storm runoff ‘ rat-isp its sediment
through North rind Central Bays and the Golden Gate , dispersing t i l t  S C S i —

ment charged W , c t en - 
~o the Gulf of the Fcorallones . Sediment is t mans -

ported in suspension and dragged a long the hettom ,i bedload . Doo r  ng
the wet sc -i c o n , high volume/velocity river current’ -; are L’c~p ci j u ly
effective in eroding, re-suspending and flushing unc~i nso1 id situ ‘ !  ~.ed’ mtnts
from the Bay floor. Sed i ment temporarily settles during calms b c -t wo ’ I

winter storms .
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F r e s h w a t e r  i n f l o w  is d i l u t e d  as it lii i -0’S wIth -c , !  war r in the
B a y .  This  result -s in horizontal and vertical sal i n i t y  1~rad ients. These
gradients are greatest during winter fresli -t s. Ii ut-i i t v — s a l  m i  t ”  o r —
rents move up—Bay along the Bay floor displacing c t - iS  saline w,itc,-rs
moving towards the Golden Gate in the upper wat er column . This salt-
water wedge (vertical salinity stratification) is strong enough to erode
and to transport sediment in the near bottom strata of the water column .
Average speed of this near bottom current between the Gulf of thi
Farallones and San Pablo Bay has been calculated to be 4 ki l ometers per
day . Because this current is density driven , It is able to transport
sediment in the deeper parts of natural channels and in areas decepened
by dredging. Density—driven salinity currents supplement flood—tide
bottom filling of tranquil , maintained waterways. These currents rein-
forc e the tidal regime in San Francisco Bay, generating a patt ern of
bottom strata filling and upper strata emptying of the tidal prism . ‘I’h e
interface between the fresh and salt water masses is a zone of verti cal
mixing and flocculation of colloidal sediments. This collisiui. c f ci t er
masses results in sediment deposition along the bottom beneath t h e ’

shifting salt water wedge interface. The deposition process occurs in
the Suisun Bay and Carquinez Strait region of the Bay .

The prevailing wind forces over the Bay produce two distinct wind—
drift currents. Velocities of wind—drift currents in estuaries rero -l 2—
5 percent of the wind ‘force. Strong westerly summer winds produ c t’
easterl y setting currents. These curr ents drive sed iment_bo -uring cit r—
face waters across the open water react -its of the Bay rid p il e ’ w i L t ’ i~~
along the shore (wind set—up). Winter w,iaic h L- ~ w predo mrnrrtl y I ron
north—northeast which increase the competency of freshet rrid ti d a i f t -  vs
to flush out unconsolidated sediments from North ri nd Ce-; ctra l Bays. . ‘-i

offshore wind pattern is frequently interrupted by ,i S ent soicta cui t
gales associated with low pressure Systems passing yes t’  r -‘i t t  .‘o ‘-

h a y area. Southeasterly w i n t e r  gales ir e  g e n er a l l y of shor t  ‘t oo t i e r
and generate very temporary north —setting currents.

The University of Californi a conducted a comprehensive stco 1~ ~f San
Francisco Bay from July 1960 to ~July 1964 in which the Bay ’s- hvdroio~-, ic
system was characterized (1). ‘Ilie researchers found that the cc~ i t
annual rates of total advective f low during the survey per 1c ~~~ 5 - Si —

~~

and +568 cubic meters per second in the southern and ne’rthetii reac ’h c i t

the Buy , respectivel y . ‘I’he maximum observed positive rind nu f;- it joe
moni ° i ly flow rates were 63 and —37 c u b i c  me te r s  per  s e : c c ’ d i i  tie’

s o u t h e r n  reach and 2 , 87c and — 14 in th e ’ northern reach . The Sc u t  ‘-rn
reach is g e n er a l l y  a n e u t r a l  a rm b e r - ir se of the r e l a t i v e l y  i n s i h n i l i c a n t

• ,id ve o ’t i v e  f i c c i ,  t 1  t he  region . The n o r t h e r n  arm , however , is a s t n i f i —

a n t l y p o s it i v e  sy s t e m  as a r e s u l t  of the  D e l t a  o u t f l o w .  F t ’r -  Corps
s tud  ie,i the mean annua l  t i d a l  p r i s m  of t h e southern reach wa , ch it 8. ’

• x 108 c u b i c  me te r s .  This value is about t h i r t y  pe rcent  -, r e . l  c r t h a n  t h e
n u m b e r  of cub ic  m e t e r s  d e t e r m i n e d  fu r  t ‘c n o r ” h r t rn r each .  Us i n s  t I ’,~,i I
wave amp l i tu d e s , a m p l i t u d e  t i m e  lags , and phase shi  f t c , t h e  c i t ,  w,’iyi

is  d e t e r m ined to he ’ p r e d o m i n an t l y  a s t a n d i n g  wave itt L i e -  OilS ,  t t , c or urn
and a p rogress ive ’  wave u n d e r g o i n g  e xt e n s i v c -  f r i c t i o n a 1 di ’ a’ i

n o r t h e r n  arm . The m a g n i t u d e  ~~t the advec t ive  f l o w ; ;  si g h f I c  ‘ : 1 5  I i  l i t -
L m i t ’n c u - s  t h e  c l i a r , i c - L e r i s t i c s  of t h i s  north-r n t i d , i l Wo’’ c ’ .
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The degree of turbu lenc’e in an ~‘s na r y  d i e t  - i  l i t  h i - c t  r I hu t ion of
w a t e r  p r o p e r t i e s .  E s t u i tr i n e  mix ing  s t r u c t u r e ’  ha - ‘ i c ,a s s j t  i~~d in
t e r m s  of s a l i n i t y  as (a )  v e r t i c a l l y  m i x e d  or well- .

~~d , (hI uii g ht l v
s t r a t i f i e d  or pa r t  ia ll y mixed , and ic ) highi’,’ St  r -  ; i t o  - ~~ r ,

reshwate-r jul lows (140 to 280 cub i c ’  m e t e r s  p e r  s t- c  a c i d ) . I p i c a  I i ‘u s c i t

the  Bay sy st e m  are c l a s s i f i e d  as w e l l  n m i x e d .  For c u t  [cc s ~~ ‘ a  2 ,~~ 10 c u b i c
m e t e r s  per second , the Golden Ga te  and ex t reme S o u t h  Bas ar ea s  m e m ~c i n
well—mixed , but mid—South Bay, San Pablo St r a i t  and Carq cu i nc z  St ra i t
change to a partly mixed condition . In the area above ( i r qu i ne v  S t r a i t
the  f low is hig hly s t r a t i f i e d. For an i n f l o w  of 5 , 660 c u b i c  m e t e r s  per
second , there is no evidence of a w e l l — m i x e d  cond i t i on  anywhere a n  the
Bay system . A major part of the system is partl y mixed ,ind a hi ghly
stratified condition extends far downstream from t h e head o~ Sui sun Bay
to  and beyond Carquinez Strait. Titus , the San Franc ° sce’ B ; c c , y~~tem is

not a single well—d efin ed bod y of water.

For this study the Bay was delineated as a series ot 1’’ur signit-
ic;tntl y different sub—bays: (1) South Bay , (2) (,eotral Bay, (3) San
Pablo Bay, and (4) S u i s u i n  Bay .  These sub—bays dif t er from d O e  ; c n u o t h e r
in their  water c h a r a c t e r i s t i c s  because of many divers f actors mnclma di uc g
tidal influence , current patterns , freshwater inflow m d  human - t i ’~- i t\ .

Ranges of the basic water quality parameters are listed in  i’ahli c .

TABLE 3
R&TEP (~UM ITY lQ7 I i— 1075

PARAMETER SOU TH P-iY 
- - 

CENTR A L BAY ‘i AN PABLO r S T S 1 ~N iAY

SAL INITY max 30.0 30.5 2 3 . 5
(ppt )  mm 18.0 18 , 0 1 .5  - -

mean 2 3 . 7  2 4 . 5  U.S -

T EMP E RATURE max 19.5 19.r’t 20.0
mm 10,9 10.0 9 , 8
mean t ’ ~.5 14 .4 14 .4

DI S .  OXYGEN max 9 . 3  9 .0 10.2 - ,

(mg/i ) mm b,i 8.6 6. 7
mean 7 .9 7 .9 8.6 9 4 *

pH max 8.2 8. 0 8.0 8 .6*
(t ad .  Un i t s )  mm 6 .9  7 .3  7 , 1  6. 8k

mean 7 . 7  7 . 7  7~~7 7. 7k

t;1,is.  SLI)S . max — 47* ~* 2~~S~
(mg/i) win  — ~~~~* 05* 11*

mean — 36* 77*

TRANSPARENCY mrc x 1.2* l . 6~ — 0.2 *
(feet) mm 0 ,2 *  0.9* — 0.2*

mean 0. 7* 1. l~ — 0 .2*

TURBIDITY max 45 24 .0  191) j40*
(ND & F’TU*) mm i 5.0 I c )  17*

mean 20 14 129 52*

* FROM EPA ST0RFT SYST1Y; AL!. OThERS ~RIiM STANFORD
RESEARCH INSTITUTE SURVF,Y (~ t ’1n ’iic a 1 Cn m m u n i t v . A ppend ix D I .

11- ID

-4

“

~ 

~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
:,~± ~~. ~~~ 



r - ‘

~~~~~~~~~~~~~~~~~~~~~~

BAY SEDIMENTS

( ; e ’ ir log ical fo runa t ion s  in and ad jacen t  to t lie’ Scia Franci sco Bay are-
principall y alluvial formations rang ing in age f rom m i d — P l e i s t o c e n e  to
R e c e n t .  Sediments deposited within the Bay tire very so f t to f i rm c l ay
with vary ing amounts of silt , sand , and carbonaceous material. Bay
sediments have been classified as Older Bay Mud Formation , Sand Deposits
and Younger Bay Mud Format ion .

With the exception of the sandy sediments associated w i t h  the San
Francisco Bar Channe l, Southhampton Shoal , Pinole Shoal and Suisun Bay,
maintenance dredging operations in San Francisco Bay move “Younger Bay
Mud. ” The consistency is shown in Figure 3 with the mud entering the
h o p p e r .  Bay mud co ns i s t s  of soft , plastic , black—to—grey silty clay or
clayey s i l t  w i t h  minor  o rgan ic  m a t e r i a l  and c layey  fine—grained sand
which has been deposited in the Bay largely by f l o c c u l a t i o n .  Floc-
culation occurs when the suspended i-lay and colloidal particles in-
teract with the salt water to aggregate , and then set t le  out of the
water column. A t y p i c a l  compar ison  of the actual grain size (dispersed)
versus  the e f f e c t i v e  gr a i n  s ize-  in the e s t u a r i n e  sys tem ( n o n — d i s p e r s e d )
is shown in Table 4.  The da ta  in the table  are based on s ing le samples
and do not  necessa r i ly r ep r e sen t  the  p r o j e c t  area s as a w h o l e .

- ‘.,.--
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F I G U R E  3 BAY MUD D U R I N G  DREDGING
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TABLE 4

PHYSICAL PROPERTIES OF BAY SEDIMENTS

Ma re Island Oakland Outer Oakland Inner
Physical Proper ties Strait Harbor Harbor

Dispersed Grain Size
% Sand (>0.074 mm) 12 5 15
% Silt 46 39 37
% Clay (<0.002 mm) 42 56 48

Non—dispersed Grain Size
% Sand (>0.074 mm) 13 17 20 —

% Silt 87 83 75
% Clay (<0.002 mm) 0 0 5

Organic Carbon (%) 1.56 1.28 1.62

In—p lace Density
(g/ml) 1.30 1.43 —

Water Content (%) 102 124 —

Bay mud tends to f low and has very little bearing strength. It is
easily resuspended by wind—wave action , freshe t and tidal currents.
These characteristics of Bay mud result In a very dynamic system with
sediment recirculat ion through scoured channels and on and off  extensive
mudflats. The properties of Bay mud can be explained by its high water
content and low in—place density. The net weight is about 1.3—1.4 grass
per milliliter and more than forty percent moisture. The clay size
par ticles make up from 40—90 percen t of the material , and pea ty or
lignitic material is five percent . The clay size fraction is composed
of one— third montmorillinite , one— third normal and hydrated mica , and
one— third mixed—layered montmorillinite , chiori tic and kaolinitic ma—
terials.

Sedimentation within the San Francisco Bay system has been esti—
mated in several different studies. These studies have produced vary ing
estimates of iaflow—outf low and distribution volumes in the Bay system .
The variance can be attributed to paucity of data available to investi—
ga tors at the time of each study.

11—12
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S m i t h  ( 2 ) ,  using U . S .  Coast and G e o d e t i c  S u rv c ’, sur ~ - , ’vs cml the Bay
and logs  of bo r ings , es t imated the  t c - t , ~~ ! d e p o s i t  a F i tm y  -sed i m e n t ’- Lu be
12 . 2  b i l l i o n  cub ic  me te r s .  The d e p o s i t s  w ere  l i g l i t c ’st  i n  Su i sun  Bay ,
h e av i e s t  in C e n t r a l  Bay and roughl y the same fo r  t h e  r e m a i n i n g  a rea s .
The r a t i o  of deposi t ion  per uni t  area is 1 : 3 :2  fo r  Suisun B a y ,  Cen t r a l
Bay and Ca rqu in ez  S t r a i t , San Pablo Bay and South Bay,  respectivel y .
Generally, these areas have experienced cycles of deposition and erosion ,
with the greatest deposition taking place during the hydraulic mining
era in the Sierra Nevadas. Gilbert (3) estimated that just during the
period of 1850—1914, 1.2 billion cubic meters of sed iment were deposited
in the Bay system .

Two other factors affecting the annual sedimentation in the Bay
system are annua l dredging and disposal operations and resuspension c -f
bottom sediments due to wind—generated turbulence and tidal currents.
Approximatel y 7.6 million cubic meters of Bay sediment are dredged an—
nually by the Federal Government and private concerns in the Bay syste~n.
Most of t h i s  sedk nm ent  is released i n t o  the Bay w a t e r s  cit one of four
disposal s i tes .  Assuming tha t  these  sites received dred ged sed iments
over a 250—day period and tha t the material disperses over a 260—square—
kilometer area, 120 cubic meters of dred ge material would be placed in
suspension per square kilometer per day of dredg ing. in contrast , Krone
(4) estimated the amount of mater iol suspended by wave action in cc
square kilometer of shallow area by ~~nservatively using art aver;’ge
suspended sediment concentration cf O. 4r 4i per iit e s over ~ ~.5 meter
water depth when the wind blows over 10 knots. Rrone estiOtd tcl :ha t
each square kilometer ci shallow area suspends 770 metric tons of sed i-
ments per day. Using 0.4 grams of sediment per cubic - cil ti m ete r , a
total of 1,900 cubic meters pet square kilometer per day is re,~,cccpendect
by wind—driven waves. Fi gure 4 is ct  s un u n a r , ’ of the varceus estimates
of sed imen tation in San Franc i:,co Ba ’,’ (A ppend ix B ) .

Sediment deposition in the P— i -v sys tem depend s on local c i r c u l a t i o n
conditions , type of accumulation processes , and physical characteristics
of sediment particles , as well as concentration and avaii -ih ’~1ity of s-cs—
pended and bedload material. Sediment deposition patterns reflert tIme
energy gradient formed by dynamic ostuaririe forces within the Bay .
Suspended and bedload sediment is transported from high c’nCl gY areas to
low energy areas. Suspended and bed load concentration is direct lv
proportiona1 to transportation energy , if the available sediment supply
is not a limiting factor. Wave action and current velocity are the
dynamic mechanisms controlling sed iment transportation. Theretor
deposition zus~~s are situated in tranquil areas where the energy c c l
these forces is dissipated or uionec-.i-ctent . Surpended sediments sett~ ”
to  the Ba y f loor as a result of gravity force Ira these’ qm m s e s c t ’n t  - s e e n —
mulation zones.

The e l f e c t i v e  g r a i n  s ize is the  n o n — d i s p e r s e d  c r m i n  ~- i ~~~c’ ~bc ’ccuiis ~-
of f l o c c u l a t i o n  in s d  t w a t e r )  and is shown in Table - -~ . W ithout b een—
l a t i o n , a large p o r t i on  of t he  sed i m e n t s  ( f i n e  s i l t s  ,and H ,~~s) wou l d

- ç
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- FIGURE 4 SEDIMENT MOVEM ENT

CONTAMINANTS ~ SAN FRAN CISCO BAY

C on t o ’s tn an t s  en t e r  the
San 1 r c l n e  L S c I c 5 Bay system
thrcc ci c c i  ; ct ts crai , cc’nthering processe s c c ’ ro ~~~~~ c-and soi I s  ni b ’ - the —
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Contaminant samples have been obtained by the Corps of Engineers
for  all act ive maintenance dred ging proj ects since 1970. In addit ion ,
contaminant samples are taken for all pro posed navigation projects
during feasibil i ty studies. Table 5 is a su~~ ary of mean contaminant
concentrations based on all Corps samples in the Bay from 1970 through
1974. The number of samp les for  dred ged channels range from 500 to
over 800 samples.

TABLE 5
MEAN CONTAMINANT CONCENTRATION S

OIL & VOLAT ILE
LEAI) Z INC M ERCURY CADM I UM COPPER CREASE SOLIDS COD TEN
ppm ppm ppm ppm ppm ppm ppm cc ppm cc ppm

NORTH SAN FRANCISCO BAY

DREDGED CHANNELS 38.ca 126.1 0.41 2.54 85.0 700 6,09 4.10 900
PIH OLE SHOAL 20 .4  7 2 . 3  0 .29  400 5 . 1 1  3 . 0 2  900
NAPA RIVER 21.6  86 .3  0.33 700 6 . 0 6  4 . 0 3  1500
SONOMA CREEK 30.4 95.8 0 .40  — — - — - —  1000 7 5 9  ‘- . 4 2  2200
I’ETAL)JMA RIVER ‘C S’ 1 12 . 0  0 . 5 7  1 .69  — - — —  9043 9 . 6 2  4 ,C7 1300
PO I NT DAVIS 33,5 87.9 0.28 —-—— --— 300 3.9 2,13 -900
MAR E ISLAND STRAIT 50 . 8  193.3 0.56 2 .69  85.0 800 7.99 5 21 600
CAR c)U INEZ STRAIT & .~tc~ 7 7 2 . 7  0.2 1  500 5.41 ‘. 35 900
SUISUN BAY

UNDREDGED AREAS 37 .2  111.4 0 .75  0 . 7 5  3 500 5.88 3.3C 1100

CENTRAL SAN FRANCISCO BAY

DREDGED CHANNELS 33.3 1,1.6 0,~~. 1, 7) 35.7 c”~ 6. C- ’ 4 , 1 3  CSO
WE ST RICHN ONI) C HANNEL 16.7 5 5 . a  0.31 0 , 6  2 0 . 2  lOic 3~~4’, 2.14 400
SOUTHHAMPTON SHOAL 15.7 5 4 .5  0.38 3 ,~~6 25.3 200 5.39 258 700
RIC HM OND OUTER HARBOR 28.3 31 ,0  0 .46 1.24 .c- . 4  600 5.68 4.19 1000
RICHMOND LONG WHARF 29,6 104.3 0.53 1.O~ 50.0 700 6.61 393 1.10
RICHMOND INNER I{ABEOR 23.9 90.9 0 .40 1.69 .9.7 500 5 . 9 5  4.37 1200
YALSALITO 16.8 80.0 O, cs 0.98 19.2 —— . — 4.98
OAKLAND OUTER HARBOR 4 9 .3  136 , 1 0.46 1. 4 5  35.7 1400 6.20 3.99 llfl
OAKI,AND INNER HAR BOR 58.3 141.3 1.05 , ic . ~~~

_ —  650 4.38 3,09
ALAMEDA NAVAL AIR STA. 49.3 131.7 i c ,  1, 52  53.0  1350 6,94 5,16 i 6 ’ . c
I S LA I S  CREEK 30.9  ‘2 . 9  (1 . 1 5 4  2.30 19,3 500 -—— — 9,13 1 330

UND REDC E I) ,‘c c I IiAS 2 1 . 4  11(1.1 0.70 0 .95  9 7 400 S. 61 3 . ’’. 1000

ALL DREDS’.ID CHANNELS 3 5 . 5  108.1 0 .55  1.59 - . 1 . 6  S ,c(c 6 ) 3  ‘. 12 1000

ALL UNDR EDG EP AR EAS 34.3 110.1 0.71 0.86 36.2 ,00 -5.65 ,.34’ 1000
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l i v ,  ciia. ’dgc’cI a. lc ,i11fl€ ’l —, i n  Non is ~- ,in I i n -  54 i.cci&’ h i 5 ’, l~~r
l a i vc  Is c c l  , . t c l  , z i n c , , l c i I I I I S i l U , c c c p j ~i’r ti mi d ~~c c I ~~c t  - 

c ‘ c i —  I hall c h . i n u e l s
i t s  C~- i i i r d  5,113 h i , i I I c i S i , ( ’ ha s ’ . Dredged  ~h ,, iiii eIs - _ ‘ I  i t  I Ba’  s av e
t i ~~t t c i U le~’ a. - 1 s  i c t  m e r c u ry , o i l— g r e a s e , a . I I e i i l l , c I  ~ ‘ X v ~~i - . a d& i~c,ciid .ncd total

K i a. id , cliI ni t r cc- ,n . ll ii~i r a . - d~~ed , c r c ’ ,cs o f  N o t  th and n e u t r a l  Buy - ‘ i i  the
wh o 1~ - l i i  V t  I c  c ’.ia.’ r I a.’va. ’ i s  of t liii He cOf l t  i lm i  n au st  S. Scne t out  am m a i m r s  such
as z i n c  , n l e r c ’u ry , o i l — g re a s e , and t o t a l  l’(j a.- id a hi  n i l  rog en can ha. ’ I ~‘u nd
i t  i i  . 5 h I ~ ’L l~~v~~i s OutH id a.’ d r edged Ch1.lflu a.- i s .

Co n t , in c i nan t  l O V c .’ Is sire .~a .’na.’r sc  1 ly  s i snoc i a t ed  w i t h  sod im e n t  t ‘c ’~~c a . ’

(part ic  Ic s it , ’ ) which is r e f l e c t e d  i n  both v e r t  i ca l  and hor f z i a i t s a l
d I ‘-_ I r i h u t  I , c~~ of c o i it s i m i n z i i 3 t  s . Howeve r  , this ri  1 a t  m ush i p i s  t i n t  ,abso—

l i l a . ’ .i rid c c t . ha . ’ r f . s a . t ’r c  such as p r o x i m i t y  to  t i l e  f l c c t i i , ’ a _- c c ’  c o n ta m i n a n t s ,
r a t  ~

- o f  513 ,11 i n ~ 5 u l  c o n t a l n h m i n t c ’ cl S~i dimei3 t S , r . c t c  cd  ( c c f l t S I l l i If l l i f l t  I n p u t ,
and , i t s c c c  i s c  t ion c i  ‘ ‘ c u l t  . 1 1 1  i f l a l 3t  5 Wi t im o t  t e r n J r a t s- t e l ’ s such as or g an  it ’S
ri c is t p n i c h c b l y  p 1 v a c c c l i ’  in thi s di s t r i l c u t  ion.

P a r t i c l e  s i z e h i . s n . s c t a . - r i s t i c s  i f  sc’ d i u ’ - i s ’  -n ’ c pc’~ i ts 1 : 1  t h e  Bay
v , i r v  g rea t  lv  both v e r t i c a l ly  w i t h  depth and s I c t i t  i t s  l i v  c c c i i  i n  . c .  Sedi—
f on t s  r a nge  I ron s a homodc.’nc ’u t i s  silty ci i v  W i t  1 1. ss C hi~ ti l in e  pa.- r c c ’ f l t
sand t o  ,il. L e r n , c  t 11mg lay e r s  of c Isiya.’v -_ l i t  acid i i  i t ’. -a t id  , ‘h - . ~~j c -~~~1
c: h , c r a c t erj s t  L I ’S H s e d i m e n tar y  d e p o s i t s  r d  l ’i ’di l i i  t ’ l I s ’  I c s :  ‘~~ sit c c l

d e p o s i t  i ii . ‘i ts , : ’ encit ro(1:flc ’iit c l c p c s i  Lion ss dot a.- rn . ‘s l a . ’U h - s  p r c c c ’i - se s
rnen t i c .in ec ’ pr ev ic .c ai s-ctv , c . g .  , I I ii’ nd tid a l , u r rc ’ i ,~ ‘I c l i  5 i r c l 1 I , c l i o c
and n i i : — h t s n  c h c , s i ’. c , - t c r i n t i 5  ~~~ , - cd  ‘,,‘ i ; ; . I — t - s , i v e  i ict  ‘~~~~. 

‘ . ,  - “ , ‘ - t ’ c j j f l k ’ f l t S  s l r c .
f o u n d  t c .  is o u i i i f c l r l : l y d i s t r i h m ct ~ ’ci , the 1- l i v i r o i c  , ‘ a ’ -ii d .’:’ ci sit 1 ~n h i - c c

neces.-c , i r l  ‘ y i i ,  a . i i  c a s t  I f l U O U S  thrais- ,’” ’cu : t h e  I l l i ,  l’ s cl i ’’ ‘ .— i t  j e l l .

C un v c ’r sc .- ] ’ , , 5Jl s ’2 r e  t h  s e J l S t c 1 ’.S  - ‘. i 1 t ~~~0_ a ! la . t i s’. ’ ,l - _  - i s i s  d t s t .~~i 4 c t 1  1 - l i

c - 5 ’’  C r 1 13 1 1 . 1  ,.-f ic ’po:- ft t i c ’) b i ~~l5  a - ’ t  l ;e~ ’ si c O l t  t i c - a . , “ - c ’ c , . - .1~ 2 i n ~ . -n —
v ir o r i n u c - i c t  i f  j : 11  t~~ t 5 I S  - : I e c I c i d fl~ 

- ‘, c :t  L i ’ . . - c, ,: ,ts i i ’
e i i s , r s i c t , ’ s c~~ ~ h c -  i c - c i imcritary i e p c i ~~t I s .  , r t  l i e n a l ,  , I - . H I  , V (  m. I i ’ l l s t 1 .  ~ ,,

(~~c f l ,  r gv  i s .  s i t ) of p h y s i c - - t i  p r - c c  a.~.-n ‘s t h u  1 k s ’ .cc ~ Hi  c , . c ’ i o - l s l , , cn  C’ ,

c i  a. ’ ;ns i t  i t ’ s  c l v - c ’  .14 1 c c-2 ’  I St  S c ’’ i- - 1 ,  - .‘ - :~ ii — - t  C I S l i t  i O n  C S ,  r oe  tel-  1St 1C S H
‘ c j  j l ii i’ ‘ j ’I - ’ :’. , i i i  1 f- i s1’,- ~t is 1,1 i - - I c-ci ( ~ ~~~-, m v  J ’ ~

c ‘Sit i- i i i —

d i c a ta.s a - c i t  15 5 1  1 - 1 5 4  t t t l f i I ih ) c I t j c  : f l € . r y ’~ c ’fl ir s c n;,- ss t * ‘.~ls , ’reas a c o n —
i n - s o n . - h i gh t r a i :s :  I L i a d  e n v i t ’ ’; s r~~r ‘,-o’ i s l c i  ‘- su~~t n u n s t t c r m l v  d , s —

t r i h u t i . ’ - l i s a . ’  se d i m e n ts .

f l i n t i e s t  a. ‘ i t  , i i t I l : i i I l t  is’ c ’ s j O  - .1:, F r , i i s ,  1 5 - . 0 d. \’ 114: nc’rma 1’, n c .
c i t e d  ~‘ j t l c  ‘ l i e  h O - -st s - , c - l j t o ’ - _ t ’ s . , P i t i ’  t i-i - -- h i , .’ , -jj ~ C’S c - .’ a l t c i c ’ in !~j ,  r i,

.. Ic ’ I c  L a i t t , i a . I  - i z a .  H , d n n i - i  1 v a n . - . ,  ‘~; i d - - 1 ,’ . 5 1 !  ,] ‘ ; c i h a  .c r  :crc o ,
c l i n t  1511] f ld l i t  u S e s ;  . 150  di f i ~~r ~2 C ’ . - ’ I~~. ‘. : , . c t ! o  . 1 ’ . n~ ‘3...lflC ’ la.’ cci

~P i  I I I  ~~~ r C h ~~~t ’ ~. ’ h c  Z i 1 ~~ c od  t~. , c t l - i i ’ s  ‘ I r t i ’  I. si - a i’~ stirfua c ‘-.cdi
10 s c - c c c  i i  h I a ’ B a” . P~~ Ic rn  I d I ~~~~ i t  I ‘n . - 5 ui ,  s . d  fli  ‘ i i 5”  ‘ .1 r—

- - ,s h.’.~ m d i  - ‘ ‘ c - o - ~- , : H ’r t s l n c ’ c -  c c ’ - :
~

, a.’rm v t r c - .z’ 0 . 1  , t c f l d I .c t j o n .

In L ! n ’  .151’ I Fi ,;i cio ’ (c , , c i r r c ’I ) t s  P 1 - s I r  t o  ‘c t Hc r ima r . ~~r - - k ’- - 5 c c

d i - s ~ r . l ’ ’ i s  i o n .  FI: ~~!,o’si. cu r !- ’s:t . 1 i ’r , , . l r ~~ a~~ ~~i~~~~~h ] t l  ‘ , ; ~~i ~ m. -~ ~~~~~ c i  5 1 2,1
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in  the  n a t u r a l  c h a n n e l  and i n a i n t a i t i e d  unv  i p i t  ion ul . a i 1 i i ~~ I ( i n d i c at e d  on
Fi gu re  6 as d ished l i n e s ) .  Mov ing  t o w a r d s  lie t 1 ; c  ~~s ‘ t h e  n a t u r a i
c: luanne I t h e  cur reul t energy decm ’a. c sa.’s-. - I n . 5  si ti c i i  ui ’ , c is t i s ’  r , moving t i c

- the  w e s t  away  f rom the c o n f i n e s  of C a r q u i n c ’z  S t r a l i  c u r r e n t  energy  also
decreases. Distribution of zinc (as well is o the r  i - on t a m i n an t s )  and
particle size of sediments closely reflects the current a.’nergv gradient .
Highest zinc levels and finest sed iments are found on the shallows ,
adjacent to the natural channel where current velocities are lowest.
Zinc l~ v~ ls also increase and sediment parti cle size becomes small er in
a westward direction as current energy decreases.

V e r t i c a l  d i s t r i b u t i o n s  of c o n t a m i n a n t s  in sed iments o I  San Francisco
Bay show similar patterns to that shown in Figure 6, but generally
reflect historical chartges in the environment of deposition. Th- Bay
can general l y be brok eu’i down into five units in regard to  sediment-
contaminant relationships. These ara.’s- ; are as follows : (I) s - n c l u s s - d
water bod ies, (2) sh,cl low protected c’pa.’n w a t e r  b a d  ion , (3) slcal low
exposed open water bodies , (4 )  natural channel margins , and (5. natural
c h a n n e l s .

The enclosed bodies of water which include most harbor comp lexes in
San Francisco Bay are typ ically low energy environment areas with low
velocity currents and very little wind -wave action. Sedimentation in
these  areas is modera te  to h ig h .  T Im e s a . m i n i e n c t s  art ’  g e n e r a l l y - ‘ t r y  I b e
and u n i f o r m l y d i s t r i b u t e d  w i t i t  d e p t h .  S e Cj q ’ 4 i l t s  ci : I t . , , I c  - ,‘~ r v t i t t l i -
sand and h a v e  hi gh pe rcen tages  O h  (2 t~ i y .  Cc -.c (j U ef l t  l y ,  a n t a m i n an t
levels in sediments  of these ’ areas  ar e  very  h igh . In some a n t is under
t h i s  c a t e g o r y  r e l i c  sand - .le pc ) s it i - ’  ~a. he fa . -c in d  ; s o w e a . ’ - t  * 

,~nc e 1’ese
coa r se r , less  contam inated  sed i m e n t s  sire removed by dr ed g i n c ~ , now s i s s  Sl-
ing sed iments  w i l l  be comprised of a f~~i m ,  , more contaminat ed m :ter lal .

T h e  sha l low p r o t e c t e d  open bod ics of water ol S i n  I r , c n c  1 5c c ’  Ba ’,’ s,r c’
vo l - /  s i m i l a r  in sediment and c:, - i a t , i n ij n a u s t  c ’ ,iracteristics t , c  t h e  a. ’ l c c  I osed
water bodies. These areas are located in p a r t i a l l y pr o t e c t e d  Ir e .cs
where wind—wave action is subdued , I i i h w h e r e  current veloci tie s -ire v e r y

— small . Ulsa.’~ e areas are found along l I c e  leeshore of the  !~c if ahong
ex tens ive  ‘i t c h — t i d a l  f l a t s .  ‘rhe s u b — t i d a l  f l a t s  o f f  ( o r t e  N , d e r , s a nd San
Raiis ,2 l , and the  n o r t h e r n  and -u l u t  b. c -n s h a l l o w s  of Ssin l’a h l c ’  B s \  - i r s ’
included in th i s  ca t ego ry . These su r e  low to modera te  energy en v i r o ’m men t
a r c - s c  and sediment s  ir e  correspond ing ly very fine . 5,’dimcnta’ - n c ’
forc !l y d i st r i b u t e d  w i t h  dep th  and have a v e r y  low sand c o n t e n t  t in d  h i gh
clay o c n t e t ~ t - A v er cis e sediiss ’ntat  ion r a t e s  in sIsal low pro t  c c - t e d  , l r e cs
i i . ’ l o w  t c l  m o d e t , i  e; howevei  ins  ge seasona l f l u c t u a t i o n s  may ec - ’ur  -

Cont smi n .scs t levels in the sisa l low , p r o t e c t e d  scnc’ ’is a n ’  h i ~’! and ‘f t1 ’r’
tS X C I C c I  l e v e l s  in cue losed w a t e r  bod ie s .  C o n t a m in a n t s  ,i’ ‘ cr y  . 1  t o i l
u n i f o r m l y d i s t r i b u t e d  w i t h  d e p t h .
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The shallow , a.-xposcd opt -ui hod i s ’ s  ol  w s i t . ’ i  a d  c c i i  I l a n a i ’ ; -  c c  Bay si r . -
geog r a p h i a .- si l I v  s i m i l a r  to t h e  s h a l l ow  p r o t a . - c - L ed . c u c  Uowevor , t hia.-sa. -
areas exper ience g r e a t e r  w i n d — w a v e  a c t i o n  and s t r a n g e r  a irrent va.’loc—
it i e s.  Cons s ’quen t lv , t ha.’ mode ra t e  energy  e n v i r on m en t  p r e d o m i n a t e s  and
sed i m e n t s  t i r e  somewhat  mor e coarse. B s r k e  1 e v  F l a t s  is c l i  a. ’xamp I c  of a
shal low a.’xposa.’d s ir en . Sedimenta t ion  rates on B e r k e l e y  F l a t s  s i r . -  low t a c

modera te .  Wave a c t i o n  suspends the  f ine c lays  and c u r r c ’r c t  S t r ’ .l ol io r t
them out of the  area so t ha t  s i l t — s i z e  sediments p r e d o m i n a t e .  C o n tam—
inant levels in these  sed iments  are f a i r l y  low and are t t i i r l v  u n i f o r m l y
distributed with depth.

The margins ot ’ t he n a t u r a l  c h a n n e l s  of San F r a n c i s c o  Bay a re  com-
p rised of t i m e  most he te rogeneous  sed iments  Found i n  the  R a y .  Sed iment s
range fra. )n s i l t y  sand t o  c l ay e y  s i l t  m a t e r i a l  w i t h  muc’h i n t e r h e d d i n g ,
indicating ,c f l u c t u a t i n g  moderate  to h i g h  ene r gy  en v i r o n m e n t .  These
channe l marg ins have historicall y shown t l i t ’  i i  i g he s t  r at e s  of s e d i m e n t a t ion
in the Bay . C c r n t am i n a n t  levels  In  these ar s ’ ,is ,ils c ’ show la r ge  v e r t i c a l
f l u c t u a t i o n s .

The n a t u r a l  c h a n n e l s  of San F r a n c i s c o  R s y  h a ve  the  h i gh es t  t r ans—
por t  ing energy  env i  ronment  . 1  t i l t ’  Bay .  H i i - , t o r  i l l  l v , t i i , -~~ t- c h a nn e ls
have shown ve ry  1 i t t  Ic sod ims ’nt atiac ii and in  m a i c y  c, i ses  u - sv e  shown e m —
sion.  B e cause  of the h i g h  energy  e n v i r o n m e n t , sod im e n t s  a re c ‘ t i m e and
con tam inant levels  a r e  low . ‘1’h~’se h i a n c i e l s  s u r e  inc s i t e d  in wat ~ dep t 5 m~
of g r e - i t  er t h a n  25 i-ct in S .‘ - F’ r - r ’ ~c isco b

BAY B~OTA

T la ~ S,i~ i I ’~’~~n,cs,t.co P t ’  -~v -~~ em c ’~ i tj  l a s  1 : 0  s’;m ~ t i  l a. ’ n t

ra.-s,.u i ’ c e a l a i n 1; t h e  C,i l i f  o r n i c  c , - c S L  - I i i ,  - in u i gci r;c ti i n , c~ I a.- b,,’ . a

size , n i -‘5 in g  rh:s r;ic I a.’rist i ’ s , and su p p l y  o a .  n u t r i e n t — r i  cii w i t  crc; f r c ’r
tha.’ De Ws all l end t o  t h is  s~a. clit ’o and to i t s  gr . ’c t  dj v a ’t ~ - f~~ of r h o
n a t u r a l  r soureCs .

‘I in’ s -- s d ivoruc ’ re,soiurcei-s r.i nga.’ f r o m  an ‘Iromous fish to salt .‘isi “ -

b i o t i ‘- s i t u  ‘ s a i l  t’o r m i n g  -c ii I ‘tegr ~l part of t h e  R5V ’ S s_ n I  - I l  - 
‘ -  ‘ s V S t e ~’ .

The a.’COti ’’4~~ a.’t5I i s  t c c O  a . a c l h i c I s - > 5  I i .  ‘s i n  I’. - ~ ‘t’ ihe~ holi t 1 , 11 I v , sc ’ c r

de- -;c r ir- t s ’ j , - pci r- I, cses i t  h a s  Isa . ’. i s  s . c - I  . i  i r r u l ~~~s 1b v i d e d  j O t i ’  s l ’ t

Ii i i  t , i s  S — c\lth c h i c -  a . ’ j i a ’h h s i h j t , i t  Ic ~~ S fldfl’ ’ I c i q . c - - l , u i . c ct m l ’  t i c  1-5 , fl Is

l l s i ; c ’t  ion ’s i s  c ’pa.’nc la.’ul t iv b c t t s i l l  sire  cn .- x t r i. ’nb~~ in t o! r I i N d  .~ lld a I  fo a l

eri~- a n s c t h s - r . i h i s ’ t , i a c  t a t  c.cts ’g~’t ie-, au a . :  ( 1 )  d i l - n ’r I  s i l t  ‘ c t ’ d s , ( ‘ ‘

m i i  s lo t.  c t on L i  j5 c . 0 u ’ t ’.l s , ( 4  I d i i  I s i t s , (5) Ic . c i t  hi u~ _ . ‘ ) c S  t i c ) s-  I n  .r i r
d o ma i n s .  ~h -  c l  l i t t w a c  • i t  c - a : c ’ r i c ’s c a n  lit I c i u ’ ~~h i a ’ c  ~~t t h - _ 1 t ’ , i c h a.i - ‘ 1 ,

h a. ’ S I  i i  h a  i i i  I I I t  i 11. 1 ‘ p c  r i  t • s  t h . - i c - i ”  I s - n - -  I i v  i Ii ~ . i t s  I s r i d  I i i  t a , 5 l

0 ~5 t hose 1 ~v j  i1t ou r  i 1 - -mi ’ a - 
‘ a r an - i  I . i ’h l s  ‘ I - c . s , u  h i t
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includes those organisms in the w a t e r  c o l u m n  wh I c h  nra. ’  d r i f t i n g  or f r e e —
floating (plankton ) and those which are act,ivc ’ l’ ,’ I I a c ’t  l i e  ‘r f r e e — s w i m m i n g
(nekton) . The d i s t r ibu t ion  oh ’ t hese habi ta ts  in L i f t -  Bay c \ ’s tem ranges
from the margins to the op en—water  areas and i s  p i c t o r i a l l y d i s p l a y e d  in
Fi gure 7 .  A brief d escr ip t ion  of e ac h  h a b i t a t  follows .

- SAN FRA NCISCO BAY HABITAFI

PONDS MARS4I I SAL ,,A IAN UK ..1

FIGURE 7 BA Y HABITATS

(1) Diked Salt _Ponds. S a l t  e-vapo rat ~,on p o s es  ,~re  sirc ated pr - -

man ly in the southern reach  of Sou th  Bay and a r o m u u m d  San P a b l o  Ba ’..
These ponds are pr imarily h ei r! by t ha. L ’ s ’ le Ss.~ t C a u : p ;n ’v  ~I i d  • a. sr’s sin
area in excess of 16.0 si~uare k i I o m e t .~rs .  i L r ’ v  I U c V l 1 1 t  0 ,,.nique en-
vironment for those plants and animals tim -at ( 5ic - ad~c~~t to  r t - l a t i v . ’ I\ ’ a c c l

salinity and temperature r .arg~’~c , a nd v a r i a b l e  “ ‘c c - e n I va .’ i s

• In t e r ”,s of  p r i m a ry  p r o d u c t i v i t y .  1 1 - , r~~~~~, l  s r s , c i s i e t i ’ c f i  - ‘ I

St ichococus baclilaris , a common green a lga  i t m  t i  \ l v i s o  c~~~L t  i ’ o n d - . .
has been calculated to be ab ’)ut 1 - ’a . b  n i t r i c  t a  s .~~~‘ 0’ ‘ I f l i C  ~- u t t e r  p et
hec tare. This is q u i t . ’ r a . - c ’ i c c  i’~~h 1 s’ W ilos! a ellIpSi ri P t ”  ¶ sc  • ‘st i n ,  i~~d sr ’; — - s , ~1
production ra te  of an ‘s ’suarj um& ’ zone (ii •

~~
) ~~~ “ e t I . a  i t s -. pa.’ -  !, c

or a coastal zone ( 2 . ~ ’ to  3 .4  m e t r i c  ‘ c r 1 1 5  ‘c e r  ut ’ c ! , i ’ c ~~ . I ” ~’a. ’,’i i , be-
cause of the  d lk i n , ~ a r f  t h e  1b 0 ~~~ds, , c t i I~~’ 1 T a I l t ’ - ’ (  5 5 ” i ; l  I ‘c i  c ’ a c - t t iso - I

t h i s  p r o d u c t i v i ty  a. ’n ’ cr ~ the I . ’  i d e a .’1) of  t h e  i’’  ~~ - ‘ ‘ S V S I , ’ i  ¶ 1 5  5 a rm ic ,cr ,’d N ’

the percentage con tribu t a. ’c b  by  u n d i k e d  m a r s - c a. ~ a . ’ :  I I s ’ 1 , i - i t ’ s

1 1 - 2 1
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i n  add i t  ion to s iT  gao , t h e  s a l t  ponds s u p por t  n in ny  o the r  fo rms
of I i i  e. Of p a r t  i c u l a r  i m p o r t a n c e  sire t he  number  ~nd v a r i e t y  of b i r d s
t h a t  f o r a g e  in  the ponds.  Compar i sons  of bird densities between salt
ponds and tidal flats indicate that more than twi ca.- the iiumber of birds
per unit area can be found in the ponds (approximata.- ly 160 birds versus
75 birds per hectare). Among the general types of birds making heavy
use of the pond s are shorebirds , ducks , grebes and gulls. The salt
evaporation ponds , although manmade and having disp l ic ’ed many  I s c c t ; c r e : -
ot marsh and tidal flat , have become an important habita t au’id an in-
tegral part of the environment of t h e  Bay.

(2) Marshes. Until recentl y , marshlands borderin1, the coastal
bays and estuaries of the United States wer - considered hs some t I  be
“w a s t e l a n d s . ” Ma r sh lands  were pr ime t a r g e t s  f o r  r & • c l s u m ; i t i c c i m , succumbing
to a g r i c u l t u r a l , i n d u s t r i a l  and urban  s ; p r a w l .  O n l y  r e c e n t l y  h as  t h i s _ r r c
bee n widespread  r e c o g nit  ion of  the  c r i t  i c a l  v a l u e  c . f  W O I  l a n d s  as I cod ing
and n u r s e ry  a reas  f o r  f i s h  and w l l d l h a . - , .~ 

- si S a i U l O  .- i f  cm r gv  ( 1  c i i )
and oxygen [o r  m a r i n e  consumers , as si nks t a c , n u t r i e n t  and t o x i .  ; i o l —
lu t a n t s , and as s t a b i l i z e r s  of e r o d i n g  shme ~r ’ ’ h i r . ’

In general , onl y areas above the  rican t i d - - l a . v~~i are  ca , l c -u i iac d
by vascular  p lant  1 i f  a.- . In Sam’s F rancisco  B ay there are t sr 1 (r a I , I f l ; l : l t

v e g e t a t i v e  zones W i t h i n  t h i s  area above Trea n t i d a l  i v a . ’1 and the  h ip r . -

high w a t e r  mark .  They are  t h e  Sp a r t i u t ’ s  l en  ( cons i st  ang  ‘~

varien t~ at Cal i t  a . a u  imia c cardg r a s s )  and c h ic S, c~ i c , iv i r i e i , i urr ~ c ’flS i sting oh
genetic  v a r i a n t s  of p i c k l e w e e d ) .  ‘typicall y the S p a r t f n e i i u m  I i s -
the mean tide level and rican high water. The Salicornie~ ium li e ’- shrov e
mean high water and continues in sal ine s o i l s  above the es t i t na t s_ ’.a hi g hs_ - c t
t i d e .

Th e Spartinet iunu intertidal plant community is named f o r  i ts
dominant  p lant  v a r i e t y ,  C a l i f n r n ia  cordgrass  (Spar t ina  foliosa). The
cordgrass zone represen ts  the f r o n t i e r  of in t e r t i d a l  colo ’.n i ’ ,-l t io n by
p l ianerogams (seed p r o d u c in g  p l a n t s ) .  Cccrd g r ,iss i s  cin i q i u n i ”  a d ap t e d  to
w i t h st a n d  the r , t r e a ’  - of r egu la r  t i d a l  i n u n d a t i o n , erosion and fi r s , -

tuating salin iti ta . ~ t possesses an abundance of a i r  s torage ,ifld con-
duc t ion  t i s s u e  ( s i e r a . n c hy i n a ) .  I t  . . iso  u t i l i z e s  a p l a r i d u l a r  ap p a r a t u s
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(Ii\d ,it ~ i ’- ctccc ) ~~h i c ’ i s  ac t  iv ’ ’i y ss’c ra.’ I , ’s’ sui t - i i  l e w i l i p  i i i .  t n t  t o  t o l e r a t e
is i g hm 0 i t  Lid i . -s . Nc other l o e s c i  p a s s . - - d i a p i c y  i t s  aiim i ’ p i a .  a h i  lit ia.’~i

i su i s i , ‘:a.rnac q i i e n t  i v , t h e  S p s i r t i n s - t  j u m  i s  t y p i c  a l l y u e p r , a’s a..n t ed  i n  th s -  Bay
liv p u r e  h a  c i i i c i g a . ’ n a . u c i a’ s t a n ds c i i  t im i s ing le spec i cs

S i m i l a r l y the S .s l  i a.-o r u i i e t i u m  is ui amed t i t e r  t i u a .  d o m i n a n t  p l a n t
v a r i e t y ,  p i ck l ew e e d  ( S a l  I s ,  c - i s i s  psci ifica). U n l i k e  cord g rass , p i c k l eweed
diii ’s n o t  have Lhe sibund :i i a. - a ’ I  aei’enchyma tissue t a r  the storage of
ox y g e n  for resp ira tion daring i O t i ~ periods o~ submergercca.’. Thus , p ickle—
weed w i l l  he f o u n d  dom inci ut only above the  mean of the hi g h w a t e r s  where
suh n m e r g a . ’ cmca . -  os- c ’rI r s on t h i s  sc ’ - er ag e  of on l y once per day .  In t eiS a.’
I’m i ‘iii r n r a .  a c i t  t h i s  i u m t  c i t  id .cl  zone , evaporat lost causes Ii i~ hc’r 5.1 1
sa l  jj ’ s c t i e ’ s  than  l a i r i r i  i in the  lower  i n te r t i d a l  subs t ra t e s .  Picka. ’weed ’ s
abi l i t  \ to  ‘Ci t ! i , t ~~~r ie .  h u gh sal  i r u i t i e s  is i t s  grea tes t  a s s e t .  I t  Is
vi r t u a l l y  si  t h m , i s s t  .: I loral ~‘ompetitor a long  t h e  shores  i s  ~.i 1 l~ ,‘ i t
sa t i um i t i e s  ha. L e c ,’ e’n ~5 p p t  and 80 p p t .  in the  par t  of 11w-  S a l i - o n n i e t i u m
where salinity s-, s O so i ’ x t r c :’ne , several othi ’ i intertida l and near in—
t a . ’r t  i d ~~l p Lin t i-t s a y  he [or ina  such as ‘‘ ‘ i i  c s-r .Iss (tistic ilis ~p~ cata)
jatumea ( J a i i u n e a  ~a u ’nasa) m d  a l ka l i  ise,~ih (Frankenia ~jra nd i fo l ia ) .

Ma r sh i s in d s  are u t i l i z e d  as f e e d i n g  and nur s e r y  areas by many
f i s h e s  f o u n d  in t h e  Bay . The s l,oug hs of the  Sui sun  marsh are n u r s i -r v
areas  f o r  many r sp o r t . m n t  sp o r t  f i s h e s  nc~ uding striped bass (Morone
s a xa t i  lii-: ’) , K i n g  so 1 E’ c fl (Or - n r I - y m ’ s i u , I a~sys. 110 ) sc u d sit s St e  c a t f i sh

c t a k s r s s  c i L u s ) .  a ny  n i - c ’ ’ s , mm , ’ ~L h  - - a , s i r s  is as ca rps , ~uck ‘i s ,
r : m r 1I i a r s  I ’ l l S- ’ i i I O i i I , , , S N S O  d n s ’ . ’ t j  Oi~ I i i ’ L , ’ s s - i f o r  s h e l t ’ s  and food .

fl , ~pe’t ii S c ’h  ‘~~~~ L ’ r  rd - u s a l  ~~, rj ~ mamma I .an - c i a  5 . - 5

Us. i s c .i r sisl ,ids 01’ t m e ’ ’ -~~~!I 1 g ,  - a. -C i I 1 ~~ s I l o / i t ‘ea ting . I n  d i  i’ ~ r : , :ian’~
r , n — c ’ J i t s ’ r  I i i r j s s , - i i  h ‘s-  s an g h i r i , , , - ,~wd s s~~r i  -~~ls j t I i : s c~~I , i s ’  ‘, - h a l
m is  su es c i t  , ! i e  1 5

~~
’ , i ’  ! l i t ’ ’ , 1 5 S  i a i - ’! l ’  5: - ‘s e iri s a . - i  ‘‘is I t s ’ ,

) I - ’o u I i n ~~. ~i i s s  r u l i n g  c rrn i u s i i t v  i ’-  a hi ghl y ~r ’ .s i ~ ~~~~~ -o n—
mc,c n i t ’ , f c ’ c i ’ i d  on I —a- sd  c- j h ,c a.i , ) i a i l l i r - , 50 i t  t i  , c t — ~ sd b cr ,c t s .  W h i l e
t i n  p h i  it’mg ‘r r y  l c O ~ t a Ot c a ’ p g s ,, a. ’d of I c , c r i c  S I C ’ S su t id  I1 ’a J O S a . ’ I S , l i v i n g
w i r h i n  this a ’ c i r’iJss -idi y :‘ie ‘ ‘ i c c 5L ‘,

~ ‘e s r i c ’~~ ‘ I  i c - C t  t C O p l (  nr ~’ , in i ’ sn1s
c o :s -, -d a i O ,O ’sL t a  U , 00ic  ~sc a f l C~~t I ‘ - I s I 5 i lj r f -  nwt . ’t ci~~ sur fa c e
ci f c c’c c ’,~~~ ic ,i~.ns , c ’l ~~ris , sit, - l ’t . L ’ s ’ s -  t s , :il~_ , - i , ~a.’a.~ i T f l 5 , i t -  • , es ’i e c  i s !  1’’
s l i t  l r i ~- i a .  S r i ’ s ’ ”  ! . N — i i  5 ’ f  i s - - , .,’ i ’ l l  , c i i i i s c ’~ c c ( d , c s s j a n r _ ;  h i 5 c a . ’ a. - ’,’m ,’ r y  ; h r c c r t

i ~~~~~ ~~~1 ~ :., Lv i .~ t O e  a ’ I r I r s , t , s t a .  a g r c - a . . L  s i , s ’j l t o  L i s a .  O i r ’f i i Ts S S

01 t h e  m u s t  i a  c l i  o f  the a ’i g ,in is’a a 000i , on . - i t s c - t ’ .‘ ‘- :p . i s a . d
or  p r a t s a  I e s l  p 11 I 11 , , s t ~~ t Ii . ’ c , I i ’ I i , l c ’ I a  5 s I a s  : ladu I 1. l o t  a’n:’ I ng ls ’d vi t i c

ib i s ’s.’ b ,, r i i. - I , ’a m d  ,t h u t .  i i . ’’,- ; ‘ i a . c i :  l ’ s, ‘ s i C — - - c , ,~ : ,s’a s u u i t s . I’ ’,
h , iv  i r i s  ~ ‘a . !  I ~1 , I H i s  - c i i S I  I c c , ,  . ‘ i c c  s - 5 1  ‘s in  .

~ a. ’ I 1 1111 . i i ’ ’ f l u  t a . ’l  V
r t c , i s r l j  u i k 5  p H~~~. -‘, ‘ s : u~ ~Is c ’ uui n~~’; i H i s l e ’ s  i r o  a r ,r vr r ,,d i f  a ’ u g . l t s s s f l s s

I cii ,’ I ud I ng m.d i i - ’. , i ~ . , , i c - s • t , ii, - ,‘ al es , al i ’ ’’~ 
I

‘4

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ‘ 

-



FIst ’ ms’mbe rs c i f  t h e  coinmun it y ‘ic iS t import au c I to incu s at a. - ib i s -

ba.iu- ers  w h i c h  s i r e  both  common and de struct ly e ’. For iisany years t I c s Ba~-
has had o i , r i no  protection from the boy tug isopod , L i m nor i s i , and t h a .  shi pwicrm ,

I a. ’ ra.’do, because of pollut ion and f reshiwater inflow. But as t h e  ~~ .t  er
q u a l i ty  of t h e  Ray im p r o ve s  and more  and mora.- l’reshwa te r is d iv .  n o d  to
S o i u t h s ’ r u m  Cal i i  or n i a , th s _ -  dauu tga.’ t rein t lcessi  organ i sms  is  ex p e c t e d  to
i u s. ’t ’o,cse

(4 )  Ti_d,aJ_ j,,,~~t_t . The t i d a l  f l i t  I r i j t , i r  i s  t i re  open (cson—mnrsh)

shallow , i n t e r t i d a l  reg ic i u l border u -m g t I m ’ ’  B , t v and is  a c t u a l  I v  an s,’x t s if l —

sion of t h~ subtidal hen thi c bob ’ i s c t  . ‘ l I r c  :.epssrat ion has been m,rde i s - ta.
for descript lye p u r p o se s .  In  t h e  Ray , t s e ~ a.’ .srs’ , ,p

~fl’ ’ xim a’ a.~l v  I .00’
i i ee t ares of tidal t Lit hssb itsit . I t Cusp - u ’l s ’i - a.’ SI, a - c r ;  from Is’ ct , Is the
plant  and an imal  life ‘it suppo r t s .

The p roduc t  ion of basic n c - g a u l t s r r r i t s n t s ,  v i t a l  c i  r s s c s t  t \ ’pes
of l i f e  in an es t e i s t y  is m o s t l y , s ’ , s i i a .- l , t , ’ ,i w j t ~’ t Its ’  p l a n t  l i i e f 1 c ’a t i n g
in the open w a t e r  envi  n e r a c i - i l t  st r c l  s i t  P I he “car s 1a.-~ . i I d a  I f l a t s ,
however , a re a l so  p r o d ur i  i’.-’.’ , having i -

‘ me , )c- ~~’ Ssi t ’ c . s  01 p t ’ tc - svui —

t h e t i c  o r g a n i 5 m s  commonly krua. -wri scs b e - n u l ic ‘ - s tams . Is i a. ’sa.’ gold cu’s-hr own ,
sing le—celled  p l an t s  i n h a b it  the  f i r  L u  Cu r s i s t  - s c a l a  ci ns i ,r ’r s ansi of a. -
g ive  tie surface of the f~~a ’~ ;cr his ’ ?n- r - a m - , t i n ~~ - 1 s t  i - .  st’ l~ c ’ t  l a W

t i de .  Wl’uihe Sac 5ls L’ - pe ” ’  he ’ S ~iI ‘ t r f l t l c l  sI i t “- s ore i-~t s~~ll~~, us h e r  - r
able to  I : r e g r a t c  a. a r ’ s ’ s p , t i  t O t’ -a-disi,-’its ( t O .  I r r s ’, ~~ ,‘\: cs ’S’i_ ‘,;a C t ” ’ s ’ -

’
I .00

a b s o r b  t h e  n ec re ss ;c r ;  -, i n r s c .n t s  l t i _c a d  S c  ,- 1 1~ ç’ s ; u . . s l c- ,’s - r f s r r ’ s s j r
t hc  h it s  r s ’ i t i s m i w r i t e r s  b e t - c - t o m  ‘ ‘ ‘  r -~d s :seni ar ’ 1 es. ~~~y i S a .’ ~~S a . 0
Si: p l c  p l a n t s  n o r m a l l y  dc~~ j r ~s i t ’  t I, ~~~‘5Il t\’ , ’ a.-S - I I  - o’ iI t , c -  t i d i l  f i n : .
O t h e r  t I s s i  t i n t  a a g s i ’ - su  - h ’  ‘t i s y r r e  I I  ‘~ c-es ’ s . no i i a . s s t a . -  s i l s i t s -
r eds a n d g r e e n s .  1 - I - c o , i i i  t . ’ r a . r s s . r r 1 c ~ i,_ , .ini i t  her cl ‘ a. i - i  m l  gae  a r e  n ‘rnmo ’ , y
seen s c a t t€ - r e d  al isuig the f l i t  du u’iu cg ha i l ,  r i d ’ - .

S f l j m s i ’s c i  L i re  t a.d ,i l I~~i a~~~ i r a .  , . I s s e ,, : s a . ’ n a ’ a s  ~~~~ - ,  ,
~~~~ ~~~~~~

v a r i o u s  aui i ; ’ials  l i v i n g  in  cad on L Oa : ’  c - l a s s , feed i sc g ‘ii be :ithlc d i , c c r ,is:ss

a n d / o r  o t h e r  n i t  i cr  i r a :  u ou r id ’, s , I s ’ -  fl~ c r s t a c ~~e ’ s )  ; rdcha.mn a m uss (rs . ’.rt
segmen ted sin r i  ( a n n e  i i _ - ~) am~a t  I i ’ ’r ic-  ‘ i;e I - c i i i  a. 5 r ‘, s i c c i  e S r i  us rasi
young D u n g a .  u1I’ :~ s- , c -r abs  ( m a r k e r  c r r l ’ s ’t h e i r ,’ i t  r a l ’ r r  ; l—i , i :’nsi .  I c i’s , w ’  s’l. m u -
attached icr — -L i  c ’h ~~oct s  such  cs - ‘i ’d t i n t - a . L ’S (  - - , tock s .t~~1 sa. - wea.’ - -~,
b iv -i lves ; s u ca i la : an d  CV I ,  sn i s s i l  ~ i-d  t a t  h i ’ ,’.’ c ’ ‘Is , i ’ S i i l ’ , am ih c
hurr l- -C-s ‘if ‘ ‘a.’, t , c h t i  b ow i ti i n i s n - i l s .  I b s e  t i ~~~ c - i l u , : u  1 -  

~~~~~~~~~~~ ‘a ’ t Ot  -~~~~~

, c n j m ; u l s  on , c e ’ t ’,’ i ’ r s  t i s l a l  flat depend -; ‘n nunv i ’ll ’. I Y  m t - mI t - - i l  c i ’  s i r ’ s .
gs a1 i i i  t b  f m - t in s  :ifl.’ct lug d 1 si sPit s i s ,m c — I  sp a .  c s ’ s ’nclu. ’ c ’ i,~ . gr e  c

i e w  tid e a. I ’ d c ’ r - s I c n t  , v - i r i at ion- -n 151 , ‘f lp’ t ’ c’ , s l c u r er s i !  I~ ‘‘ a.’ I s  a ’’ .i , .’g  ‘i s I n t 1 e’
sed i m e n t s ’ ; .

1 1 - 2 ’ .
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C l ,u m b u d s  s ire  lu i gl i l ’ ,- i - b c u s - i n st ~ of dal t i s t s , si u i P  L i a e i - , s ’
he’sls ~sr a.’ - i c c  s i u r c s e n c c s u s  in - a. ’ r t a i u c  s ho t  i C S  c ’ s -  l i a . - s i l  t i i s ’  Ba~’ t h s ct  , it
a.’ louis were ’ nsa ~-o ns idered a ima. ’ai  t O  haza rd  t . .  eat  , ~an F r ; t u m - - i s e o  R a y
w o u l d  s u p l i a l n t  t h e  most i n p o r t s c u t sh~~11 I i s - b u n n y  a l o n g the  ( - ‘ml l f c ’r n i r
c oa st  . s\ t  on e  t i m e , an icr ’v ’ r t , t u i t  slit ’ I I  f i s l r c ’n \  did ex i st  in the  B . ’. .
Fbi , ’ 1 sc r g e  h i  c c c l  y e ’  r e so u r c e i - s - n . ’  i: p s  r L0ut r ea son  why the San I-’r , s tc c j  

~~~~~~

s h a i l u i w s -  s u s t a i n  such  a t r em endous  p o p u l a t i o n  of shore b i rds  and d u c k s .

T u e  more Lyp i c - a l  kn own f i s h e s  tha t  forage  on the  t ida l  f l a t s
d u r i n g  hig i c tide but  n o r m a l l y  r e s i d e  its deeper water  are : sharks (brown
snun ’othlcound , l a. ’pi r a.l shsirk , unpin ’.’ d m ’g f [s i t )  , skates  a u d  r a y s (bay r a y , bi g
s k a te , o t h e r s )  , p lainf in m idshiis s :,,sum , say p i p e f i s h , ~s c srf p c r c h  s ( s h i n e r
i-cr ur f per c!i , p 1 I c  s u r f p r - r c ’l: , b ar r a .  ci - . r c r f pereh , o t h e r s ) ,  gobies u id ew sc~~& :
go by , c heek sp ot  ga.ihv , l on gj aw  m u d s s 5 , -k . -r , o thers )  s c ulp i n s  ( a t o g horn
scu l p in , b u f f a l o  scul ;  i n , cabe zo u m , - a t l : a . ’r s ) ,  brown r ock f ish , f l a tf i s h e s
(English sola.-, l , i :fj e sanddah , C au i torni a halibut , sts s a -r y f l o u n d e r ,
o t h e r s )  as w e l l  as sony ‘it b e r  spec hen-  o t  f i s h .

W a t e r f o w l  and sho reb i rds  a r -  also inextricably bound to the
t idal fiats because of the diversity a. aI tood a v a i l a b l e , such as large
numbers o ’ wornuu4 , snails , clams and musse L, . Tidal flats host herons ,
egrets , p lovers , avocets , stilts and ~robing shorebirds. These same
birds are not normal l y fo und in t l’sa.’ ‘a .  l,-sc t e r  ore - eu . Ot h e r s  f r e q u e n t
b o t h  t l . a .  1 d m ,  f i a t  , ai m s open ;, m . , .-n  s i c , ’ ’ -  ‘ gu i is , - c c - i ,  i n  d~’ hO ] Li 1
ducks , (2ar’v :ssbjck and a -  ,\n’,”, I C c c r i  ( ‘h O . ,

( 5 )  B e n th o s .  Poe h c ’n t b s s s c - ss ’ t ,e cv is the  ‘l .,i i’~~a.’st ‘f t he  s i x
haa h i t , s t s  iii dres s . \‘‘ t ‘s ;~~ ’ ir e  o, -r ‘ : ‘ , —s ns:  coeds-i livi, :g ‘a n
( i r . f ou n : s ) b i t t , n s ; m r i n  -s -c ’c, , , , ’ i i r -;n s ’ -,s u ’,- , - l  - r c a s s  ‘o- l i v e’  c - ,1 l ’ s S u i  ‘ ace
( ep  i fauna)

A benthU: sur’jciv cat s n o~sda.uct .- ,i d u r i n g  197 t—7 - -~ to ,,a. x ’ , I s . i u r e
n u m e r i c a l  and seasrinual H u c t u i t l ’ a s i , s  f isif ~s no p c m p i i s s u i a . - ’ ls  i i  - a . - I e -  t e d
s r  e ’os of th~ Bay ( ‘gs pend I x  l) . [1 eve s I s ;  a. 5 ( inc - i  w e r e  I crc  , s  ‘a. .‘d a t  a - c - c a. is

s i ”,eu ; in t h e  Bay , t ”~ ’t ’ c’ d r a - 1 r e’ , ’ s ; s  i n n - i s - s ‘ n a b  t Our  d i r  s m s ~~ t e ’ s. ‘Pin ’

dat i are summarized Sn ‘e : 5 , 1 , 0. lb r s ,rv ev en umerated - ‘ver 341) h o t i c u m
spe”~~~s iii the I~, a ,  ( - ‘~~ i s’n t ( s 5 ’ I U I I ’ a - 7  ~ i O d i t )  with -1 s- s c - i a .’’, , a f l s -  . t i  lug
t I greati’’t number iii ipc i tvi du .,ml’-,,

ii,’ ~~~~~~~~~~~~ “~: ~: :1~~~~~
:’1 

~~ ~~ ~~~~~~~~~~~,
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r

in  ‘5’ n ’ n n - i ’ :c I , t h e  ‘sp a .’ a c a . s  i c a . ” , S P t  d i’: a. ’ c .  c - ’ ’  1 5 0 4 ’  ts cuflsc .
f . S t t ’1 1 c l i 1 1 ~~ l ) a .’VO t ld  ( s ’t i t r a l ha \ ’ , 5~~O th  c 7 : 5 . i  S - u i ‘ t i c  id ‘ i s c i - s u n  ti cs , cnd
-sc ’ si t i i into Sout ic Bay, Li i.: ciunshe rs of , s p es ’ i . .-s ds.- I:s ~ a. to’~~ci, iv t l. a. ic tu sst is s1 s

2’ t eisl p e t ’a t s i r a . ’s and sal m i t  l e s s  sst the l i c O c ’ S  e s : - .i o t ’ Si. r i t l i  j i , c v  . c nd u s a .  I’” a. -da.iimSI7Sctli c

I i ’a.’’s l i w - c t a . ’r i n  Suisun i l s i y  , s re  p r s c b a h l ’,’ t he  flisijul I i : s , its t l I s a . ’  J i ’,’ a . ’ ’ ’S~~ t

oi  ,~n j u s s c l - u  in thes i s -  ra .’’~ i n ’ n u ; . In  S 5 a S S U f l  i l s i ’ ,’ , t h e  i c c- t i  a. ”, s/ sn i j u l  ‘ n ’ r i . t r i i v
a.) I I’a.’ShiWSI ti’r origin a l t h o u g h s, is si e  m ar  m e  spec ions  in h ,’i h t u s ’  1 “c ’.
reich o t Su I sun Bay. Most of t ha. ’ spec Its’s- f o un d  in t i c . -  San c a  s : ’  j ‘sc 0 1,11’

s’.’ r, I a . - s s -  be I n s u s i  L c d  g e 7 1 L ’r s c  t i i : c  t ara.’ fou n d  in most  t e m per a  m: - ‘s t  a i r  in s
t h e  w o r l d .

In c-t in t  r ;c s -  L to I he r n , ,  t of t sp ’ 13~cv ’syn ,  t cci i , Sszisun c-c-i’ ‘,

br . s s s-k i sh  to  f re s h w a t e r  e n v i r o c s m a . - ’n t  . A ‘ f - ‘ . a . i n a l b reak ” separ:c S a.”-’ I l a t

s r , s e k ish s-cu d f r e , - i s ’.a-sc L a. - r h io ta  fr , sss t he  - u t  w a t e r  b i a s -  L a .  ‘s’P.~’ s i c s I
bra. s-ak 0 c c -t a r s  i s  sc t r a n s i t i o n  zone  whe re  : s s t , S L  o s t u ar  l n t -  u r g . l r . i smm .  a.s n u t
c ros s  and :a ni ca.’ cs:s fu f l .y s ’sr ”L v e  ss-n the “,t h” ’,’ ‘side” sad v i - . a. - a . ’. c-s’s wit s s
or g an i s m s  of f r e s  tw at e r  s’r i g in .  !- , ‘r i n eS,~~s ,, ’r 5 sOs-’ 5”,’’, 5 ’ ’ 7 7 ,  ( a . c t i ( ’ t  a. ’ !‘,s’.Sh4i.it Sa l’

grade~s in to sa lt  w a t e r , the t r a n s i t i m - a n ZOOt’ in s p r i . S s r i , a  s i s a .  t c8t ’ ’d l’v
sa l i n i ty .  This  zone moves u p / - n t r c ’ a m  or downs t r ec ’-n  ,ic~’ts’nd ins, u sc- r shwat r

-

‘ 
f l o w .  in  5.- sn  F r an c i s co  B.cv , with s1oi’r7s , ’~ I ra.’’ hwa~a.’r 11 ‘w , ne  . ‘ i s t ,  i s
in t lm ’: v i :  t u f t ” . o~ ea s t e r n  i . a r g n s  nez S t r a i t  . Its ~s, u a .  Sc- I , ‘are tasjna o c st
of t h i 5  ,rone  (San  F s h l o  i l , n ’  s o u t l i w a ” — s~ ) i s  T ite 5:c-ss s ’’ g c r sc - c - u c s , w i t h  L ice
g r e a t  m a ~o r i  t:’ of organisms of s a s s  - ‘7 r toe or i . n . Tat’ fauna east of t }c i s
z on e  (Si  i s u n  Bay ucri d u p s ’ t r~ - ,srs ) l ’s s I c  i’a.’ed m a tn ~ f : - n’- s l , m -  t~ ” , ster
aqua lL i-  L - c - ) l t a t d  O~ c a . s , S t i  s i ,  ,,s a ) i j i , s : 1 s ,~~s ( ‘ ‘ n o t; ’ ~~,.  , : 5 , , , c - i t  ‘ “ a d  ,, X O L ,,s’
-p e i ic:’s-  t ’ a , t . ~s - uca . ,  ~,- . s c ’ c t ,- ,, s - l  i i  c-

C ’s -’ 1i s 1 ,- s r - ” ,~ ta ~s s . -  a . ’ r l s ’ n ’ s ’  a. s r ’ s - c ‘s c,~ ~- ‘ 5 , ~hia. S i n s -  t v
b c n t t o r , i - s ’ J p s a i r t ’ s  ‘ ‘ t, l:s ti’ ,~-c- lv I l o u t  L . . S 5 ~- 1 l ’ 5 5 ’ i cpS Cit? 7’. . 0’ t b  7 I ’ ~~ , a .

n s , ,P ’r  y r ; i u , ’S u ( A , s s ~p I  ~d .c , \s t r c - ~s ’ csn ~a 6t .s - - .1 , ‘. . :.,, ,‘ , : .~e s s , r a ’’ a . i j s - ‘ ‘ ‘

‘.‘ c t I i s ’opodn s ~c ” a.’ is, - n s a - u i  0’ . ’, ,.r~— u-j . . - ‘ a ~~ 1a .~ t ‘an y ,i fl,5 fl ( , , 7  ‘it s’ a. ,. sO ’t —

c-h ut s ’ ’ 
~‘‘~~~d’~

’a’ 7 5 ’ ’ C i na. ’, ’ an . i l~~~ . -s-’ ~~s’ ‘T’ ,, S c O  6 - a -  s~L~,’s ~~~~~~~~~ - - c i s : ; —

p -s ’t~sti t. I “ i s ]  1 1 a . i l )  ~~~~~~ ~~~~~~~~~ ‘ l — t s S ’ - ’ .’. -  S c-~~r 4 ,.c ’o ‘Sio s’, r~~ , O t , i  V m s ’ 3ITc ’m i . i~~’ SS a..

Crtr~,ph i u m  a p s a ’ l c m u ans  ( ‘.sh i ’ h  i s  - i  I S , -  s’ i - . . i a . ’i lv  c - I ’, y e s]  n i p , ’fl by  ,‘ ‘ ‘ c -n t - -a t c - i~ ’ u - d
ha-us).

C ru r s t a :  fl a n d  O s ’ S  i 05, i sh  . s p c - s ’ i c  -; . c -~ p i’inc 5 1 . 7 1  as ’, inm: c - ’4 j~
t i e  a.’p [b i- s - i lis i c  h ’ ih i t - t .  s n  - .‘ . I I  kna.w:: n r us ’ s t - i 0t ,- s c n is tic , (0 cc - i c - s
n r c - b  ( ( .  risc - er “ i sc : 7 i s~~,’ r ) .  i t s  S - n  - ‘ u c - 1 . s , ‘ cs -t’, t s , i I  - s d  SCIUL 5S b c ’,’ r; , s ’’ c r ,  s i r a . ’

‘a a t  J m s - , s S (  I -
‘ ~ ;ie. ~~~ O s- i”(~ t I 5 ’ i ~ . i~ “0/ , ‘ , i l l s - , i i I’ ,’ ii’is”~ - . , a .  ,‘ a ’ 7 ’ ’

si’ u l f ~ i c - u , I -,sniP3 r /  I t a s  - — ‘ -s-be~.) , - .0 .t K -u siri d r u ,  s oh s - a .. : . i r a . ’ a;’ - r 1 : 1 , 5 ’

a 
preP . t c , r nz : ‘ t I c  L 5 ’ s, -’ z ‘s : i j c  “ g’- , iup s  ca f  s”.cbt idl ~~t Ir\. - ’ t ’,’-’ir s~ I t s  t h e

-

* 
‘ • in ’s- ’; . \~~a ‘ ia~st u-, ,i c- i  I . : r i - I  i,~ ’ s d s  let ’s’s tho ‘ 5 , 1 1 1  d i e t  ( ‘ I  a . h t ,’s~5 S , “0 ’ L’’ i”

fisi c en; . 1 i i , , ’ , a. i a. ’ c ’ , - “ m l i i  s s s , ~~” l y  S t a t i c  lO ) , ’ s’]s 1’ - _ i t ’ ’  t I ’  .s. ~~,u ’’’ a.’ ’ -
‘I , tbi and ara.’ 5 ps !’ i s l  i r S p o o L t  i s ! ; .  “ a.- ’ C’ ’ ’ l . I l . 1 , 1  L a .  . 01 o I I . , l ’ s-u ’ , n s ’ c . ’ s s  is  ¶ it

l c .s - t p  i i ’ ]  s - i s  ;r k , h i  , ‘ - - ms ‘ ,s ’is ’ , , t h ( i n cc- i s_I ,sssd t - sp i n ~.. ul ’’ ,zf’ish , .trm - ‘ s i - a c  scsi
t , v  i n s l e r ’ ‘ -~‘ i s t . s c - i -  I C  i s - I s - .  d s , .  ‘~i p c ’r t  i — ’ s I sa. ’ ’ s ,  i i - ’ ’ ‘c-c s ’r t - UI - a. ‘ ‘o’~ o s _ i , L ’s, ,

Ill, IF’-. - , . — - ‘ _ - .‘;o-_ -o-*____ _ - . ., — ‘.- -‘-a. . ,_- — ,-• -~~
__•- — - - 0~~~ ‘I~ P ~~‘ ‘‘0” “.~ ‘. —
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f i shes of Suisun Bay are the witit t.’ n c - I f  isis , Si ,i ,-r ,. si ss t s -ss t , sua.-ker , s-s r p and
the s t ; c g lu orn scul p in (wes te rn  end of Sui snsrc B ay ) .  ‘I’he white cc-ti i s-s ir
p reys on the amp h i pod Co~,~~~ iun , annel id worms and c la ms , and the stag—
ho rn sculp in in Su i sun Bay feeds  on worms and shr imps .  The w h i t e ’  a . a t
f i sh ( Ict alu rus  c atu s ) ,  which is the most abundant catfish species in
Cal i fornia , is a very popula r s p o r t f i s h  especiall y in the Delt ,s. A p-
proximately one—third of the catfish caught in California are frc ’nr thus

Delta , of which most are the white catfish species .

(6) ~~~~~~~~~ The open bay hal -. t a t  is divided into ts’a.s broad con—
mumn i t i e s , the  p l a n k t . cn and nek ton  c o m m u n i t i e s  w i t i c  the  p l a n k t o n  c o m m u n i t y
chara cter ized by floating or weak swim ming plants and animals , sc-nc] the
nekton community n-harac terized by free—swimm ing fish and marin a. mammals.

P lank ton cons t i tu te many kinds of p lants and animals that
either live their entirns lives in the water column or li’,’a. a bri ef
portion of their lives (usually the young stages) in the water column
and spend the remaindor of their life cycle on the bottom. Phytop lankton
is the plant component c-r id forms the first link of the food web s!sirh
eventually incorporates all other life forms in the Bay . Phytopiankton
plays the same role as saltmarsh I)laflts and th e benthic diatoms of the
t idal  f l a t s  by convert ing  i n o rga n i c  m a t er  au icc-to nutrient-r ich ti’

foods that  can be a s s imi l a t ed  by i ts preda.  ‘rs. As a t’y— ni ’cmd ica - t of
synthesizing organic m a c - e r a . a l, t h e  phvt a ’nl;.rP- - ‘ - a  alsu p r o d s - es is_ ,rg c
amounts o f oxygen and thus  hel ps keep the water ‘.‘e’ ’, l  oxvgenc-st’-:J. rsca.
phytopl4unkton community princi pally lncflcda.’s P is’tc -ccr ,s, u r s a-n ~‘~

‘p”c - and
dinofl agellates.

Seasonsuslity of phytoplanktom ’ sPou ts : ace is gu i  tO c - c . . .. 7 U i 1 C ~~~,I n
the Bay. From San Pahi” Bay south , L b s  ,‘;pul siti m o n -. p e a k ’s  i .  p r i m ;  and
is at a mi nimum in f a l l , wha. - a . o  ss in Su i s ’t s - s -  Ban ’ , t I c  p ’ p u ’ c - t  ;s , & - s s a - n r i a l ,
all f r e shwa te r  species , c l imaxes in l a t u  ,,uss’,ma.’r and is lo w s- st ~n t~’~
win te r .  Suisun Bay con ta ins  f ew er  ‘species of phytop lamo ktosm t hs.a the
othe r three sub—bays but has a t e n  t imes t’ , ’a -at or  p o p u l a t i o n .  Maximun ,
conce n t r a t i o n s  in Suisun Bay are e s t i m a t e d  ta he about I — c a . ’ m i l l  i on ce l l s
per liter. The m i n i m s , , - ’ m usc -rent rat ion in Suisun Bay is sib ea.4a.cal to
the maxincum concentration in t h e  lower res .s,-h of South  5 s y .  ‘ i ’ a t -  

a

species of phvtoplankts”n i’i c - t i - ’ same are.u 6 lima x at the  s . s n s s  t ime ,
howeve r.  For examp le , i a Ce n t, i ;sl ,9 . :iV , the c c ’ s - C  r;c 11 s-sax i laura.- , su i ’d -a-c’- -

occ urs in sp r l . c ,, h u t  s _ s - c a .’ . ’ . , k s - a s’ s’nd ca.’r t a i s , sp i ’,s  o f , i l ; s t , ’ms; is’ . rr ,core
fra.sq ’’san t n i a r i s l a 5  l i  - ,.mnlnce r and d a . n a - f l c - g e l l c t c - s  s _ c - : i s a.- a wi n ter .

Zoopi ankt  on is t hi’ on n.m 1 component l’ s ’] i s- p hv S-op Ia ok 7 ‘‘i , the
zoa.op i,a c-~k t c ,~’m s_ mi , i i i  n ;v c s t h e s  ize f on’d f ron i i i - ’ r g s u s n  j a.. n c  tori si .c rid t h u s ’ - “ i s_ s - a t
pr s ’ v on those t i l t s b  t he s ” sm ” S c s i  / I ng or - pen ‘ - t ‘s’ rc ’c’p 1.. ss k Icr  S N ’
obta in  the n ei 5e ss ; i rv  n a . s t r i o n t s ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ‘ s , ’ s ’~~- ‘ -“ -1~~ ipøi
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l ia . ’ , i ’ s n i i i s s !  a h u n d s s j s , ’ a.’ c m l  z c i m i L s l a m c k t a . ’ r ’  i ’- ci ’! ‘s a. - , a s i  lv  dis- -ernibh-
is L i s t  u S  phy tsip 1 ar ckt a.ics , b u t  i n  gs ’ucc r s c I , Z00JJ i s i s ’ s  c- u, i n ’  515055 abund ant
i n t i c s ’  ‘ s i s s s i i s i , - i ’ sc u d  l n s , s s t  i n  thi,s wi nter scud a. -~c m ’1 y s ,~ n i , c i ~s- i s Suisun , s-an
Psi!) l a m  acid S c u t h  B , s s - ’s . J~ (:a. - nt r;c 1 i i , c y  , sea socia I chs cng t- ’s sr i ’ m u c h  sri, ’ ra.’
.- ,m iu ~

) I cx . I n  n o r t h  Cent  u’a I !issy , L i s a . ’ zoop Iank ra. ’n i n n - , ,  l’s in scm c islni’ r  w i t  is  an
sc p ~’- sr . ’n t s, ’c n m n d a r y  c&’c-k in t i c ca  w i n t e r .  Fur  list . ’  re- ’ .c , o f C e n t r a l  ‘ cv
there sire ’ sc ls, two p ’ssks d u r i ng  l ice - car , a s - as- in  sp r i n g  c-nd l i t -  c ’ S  h-a r
during susccsna.’r. ‘its5 ’ a.’ompla.’x seasona l p ’ S t e r n  i f  si’ n ip l c i s k i n ’ is i n  ( ‘ s i t  r u
Bay is due’ to the ~roat er  d i v e r s i t y  of spea. - Les in this sub—bay than in
t ht. ’ o t h e r  s u b — b a y s , and each specie s  ,~r group ot sp ies has i t s  i n ’~ s i
c - ea.-tic pattern.

‘Lice most s_ - m c-ncicun zoop l a n k te r  ~s s  ‘
~~ , ‘ ! ‘  b y f a r  crc the c c ’ p m ’ t m t m - t s

B o t h  the  adult and naa.mp ’i i i  ( l a r v a l )  s t a g o ’~ s i r e ’  a b u c s d an t  ,und s .c c - c a r  s r  - is
the day svs tern but see  most  cusrirnon in Cents ’ cL i-ic-v . Ot!m ” r  imp c r c
t v l s e s  of an ima l s  t ha t is;s ’ ka.’ up th is zooplanktai rc ,1,mm n sun itt - ’ .rc : c~ rripedes
(y o u n g ,  f r e . - — s t - ’ innsm ning  st .lges 0! lt.n i’nc -clcs ) , p c i  v c l n  s ;t e ’ lssrva . - . i--, .cst rsnpod
v c ’li ga. srs  ( swimming stage of snails) and numerous fish egp.s.

There i r e  s~~p r o x i ssn ;ct e 1y c c i n e t y  spa.’ - V’s .~l pe I .sg i’ - fish in~-
habi t ing  the Bay system , r-a. s s~~ in r 1 i- r am s t r i ct l y r , s _ S r i s ’sm , c str is - t i’; fresh-
w a t e r  spec ia. ’s . P r o b a b l y ant. ’ ,i t me m o s t  a l s o  n d an t  s~ is i c L a -  terms of
numbers  and b iomlc -- s - s  is the as ’ ‘r t h c -sr n  ,‘nchcnv’,’, -mgr~cs il is me’rd,.- - - - Tb is
‘spec tic s 10/ an ‘ - ce s i s s  i - i s i s  t ss - t  1ss , s -V~~ ,s s a t has’s s- c  s - c Sc’ i “ ‘ , ‘ ‘‘  So’s’ s_ n i ’ s
and earl ’ ; surc’crm er. L ar g e  s c h n ’ - c i s  n i t  ~,1-sl sHim a s _ v s _ n  - ‘ s - c  s_ e r  t O .  !m - s - - _1 a. m rin u
the spawning period and leave as- i,i t e sa. lnc mne r.  ‘ i , m - s i r  c .’gg ’s c r c  I i .
f l o a t i s ,k  acid are  p a r t  c - f  the -zocs- p la”  .~~oa ’, cc~~nr, ’ ’ , I  - , A ’ s-ag w i t ~’ t mm- .s r”st
of t b,  - ,, ,c’ o l , - s - ’ k t n ’n , eis - ’rii ’ .,na ’s qus-a: s , a . ’’ , . c c ’~ pr- - ya. - ’t i i , s - .  J - ’ J i  - ‘
anchor s~ i i ’;’ t a . . ’u acl f r o m  Soul ‘ii s-c ’ s -  L a.  Sc-n , P n , o  he,’ s-es-cr c”.ci ,ssd - ‘ a
lesser a. sCe n t  in Su s,,c ’.’n 1is-~’. ) ,  - a . , ,  -a . : : ,  ‘ a. - I i , ,  - 05: 1’ j l c - c : , : t c c - ,) t ’. m;c ,’ros , they
feed arm ti’ ’ ,a. - s - s m , s n -l n t  Cay p l a s k t u r s .  s , - ] u l t  , ‘ a.,is- ,cv j s _ s  a r c -  sin t s r , 5 ,  r c -n t
c o n c m e r c i — c ]  t i n ’s, , ,  t c ’ s  the oc-e :mn , sd - r u  s a ” , .i p r i ; a . r  i i ’ - i’ t r b a i a .

A ~~pa.c” jet-’ similar is’s f c- u  in. . ‘ s ~I ’ I I ic’ s! c ’ommer a.s ia i I s s spn o r t an ce  I a
t h e  (‘ - ‘s f i i  h ” r ” i n g , ( ‘ i t l ’ e . i  h , .s,’sr . s - n , lis a. - - , ’ r r l s s s ;  mi grs nt . ’s in i s - u rg e
s, -~ s - c ’- 1 s  I i i c ’oug im Nc -a.’ C a ’ l d a . a i  a. ’- , , ,  a., ,sut S . g  w i n t e r  s d  - _‘ - irlv ‘s p r i n t ’  icid
spawn s in ice ,‘rhz ;~ los -cs c i i  , ‘ s i g c - l , ,‘,i , ,si,r 5z i sa. ! ‘ s’ e a s n c r e  i s l .ind s . t i G d
f l , c t s  i f  ‘5;, ’ I n  coast f t  - ‘ n s  1 5 m a. - (s-L ra. a i - s i t -  t . ’  ‘r . i c ’ m , c r d ~~on B a - . , sin d a !  ‘nc:
the ‘ s S i c s - v c - t  root of - ‘ s ’  ‘ s s ;mns -,P ¶‘ r n sm °o n t  ,,in s ’ - i ] , l t . ’  t O  t a  j i l t F, m ) f l s - ’ i s i  ( ‘i c-i d
S ’ ) t . l a . . ’ t  i ra n - s  l r ’ t m n  C n r q u u i n e ; ’  C t r , i i t  -

c ’ s  hi- :’ f i s O  s ~~~~~~i I - it’  i n  ‘-a - .n~’. a n s I  t’.-e d c r ’g s , h i ’  ‘ ‘s .  u ‘p i- -d us i’ s’s )

to t i m ’ a i m ,  m c ’ s  v - c s . 1  h s - c ’ r’ s rig 5 1 s t - 5  ,,‘ ‘ I ‘ s , cn m a.’ 151i 1 ’ ’ s s .  nc. ’ 5 . - t a c t - . , m rr - ,. ’, -s- ’ c c l a l
dm r s po r t  ~ i , , l m a ’ i - -; s i n ’  t he ~ ‘ m ’ - , t ~~ 5 .u r t  .ss ,c , i t  s - I  s c s i  ; n t ’ s s m t  — e m - c t . ,  s-md
S i  1v n - c ’ sj c~ , ’ss C , , , : s , m m ’ I i  i sP c i ’ ’ s n , c ’ k  I . . os ’,~’ I t ’ s  ‘ a. ’ - - 5  sr ‘ I  i m , c c ’ i I n c s . - ’ a ’
hi’ sp ‘ i t  I I ‘-dcc ’ r ’’_ ’ ’ ~’ !c , - r  ‘ - ‘ - . I- ‘ , c :‘, . i  ‘ a t , ’,’ c i  , p - ‘ s c a m s  s i ’’ ‘ t  t S - ‘ a. ’ I”  t so’

B.c s - . Is . I I i  - - I I — ; .  raid c ; - - ‘ a- p s..  i j - i ‘ , 
- 

- m a .  . ‘ i i , , ’ mc 1’ ‘.r m 1 s ‘, I ‘ s i m m  a.
m n  c i a . - ‘p ‘ c ‘,j , c I a. ’ r ‘ ‘ ‘ S  I I i .  - 

~i ‘a. , an I ‘. 5  • is ~~c ’ — nra. a i . 5 c 1  h I
‘a f t ’ s ’ c j m s . ’n t  I v  t c ’ m s S t ’ l  ‘s, ‘ I ’ S ’ S , , ’ I V : — , .
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~ i 5  s i l l  t h e  m ’ r g s u c i i - c m s  i cc  t i c s ’ tt.ss - , i s  - - a im n i m ~~- ’’ ~~- ’ ,~~ i s c m a . - ’~ n c - a.’ t h e
most  s s s p n ’ m ’ t . i n t  , ‘ a i s H i ’ i a . ’ L’c i , i i  i v  ,mnnl r ,  c m . ’;, ’. s-i s A  l y .  s’a i n , , d c  - i r i s - u .s I i sh  “ s i S mI ’s
in I’ ra.’shw,cts’ r acid 1 ia. ’a.- time rest c c !  ths’ i r I i ; a .’s Sr N i . - c c  s - s i m m  a n d i m ’ c  t i m e
e s t u a ry .  th e I ish i i i  V i i : - , g r a ’ i c ~ i i n c l u d e  t sa. ’n ’kvn ’ “sP ~ ’ ’ i a ’ s , I i s ’ m t e a . t  i n  T ab ln -
7.

TABLE 7
AC ,\ DROtFi i j S F i S H E S  OF CAN I F~\Ns: I SCO BM’

Comma.cn Name Sc i c n t  i f  A c  N m

Pacific lamprc;v ~s-b~~ s-1 tra S c i d c s - n i , , s
Wes tern  r iver l a mpr ey 1~amp~’t ra i r s _ s - s - i l
Green sturgeon Aci p ccn s~es’ e-P i r s - u n  u . s
W h i t e  s t u rgeon  Ac ’i,ps - : s ;ns ’r t r a n s m a . m m m t s c a s u s
American shad ,‘a.~ os,’s ss-spi,,di’ssinsa
Steelhead ra inbow t ro sm t  Sss .Irs c , n ga irdnerii
Coho ( S i l v e r )  sal mon Oni ’ ssr ’]sy ncl,acs k i S u L n - I c  ( r  sr
Chinook (King )  salmon Or lc 5 s v n c h s ! - s -  r sh a s” , s c ’h s-s
P i n k s c - m on n i s s - ’ c , a : , ’ ’ - l s ’ s ~ ‘ - s r  ~) , i s , -~ - ’1 a r a r ’ - )
Chum sa lmon  O nc c rt,~~s 5 S n a ’ s  ,S( , i  , c i ’ . -  I
Socke~ a. ’ ( R e d )  un si I ms ’n Or:n ’o r l ’ , n s - i c u s  L ’ S k~s Kr - s ’ -

S t r i p s _ i bass N n ’ r ~ i s , e  s a x , a . i c l i s

F c o n o m i c , s l ) v  sp : ’ . r k ’ m s s , . U - a- i : , s j ’ i , ’aj A’, s - - i s i s - sm  - n i c e  I c - a .  ‘ , ~~j i t  a t  c’s

a re  the ta ’s,~ most imps’s ’s - , s ’r ; c ’ - s s c ’s n ’ r : n  c ’s is- is s_y’ ’ ’ ~~~ - . ‘ l i m a - ccc mnu ,’il - ommer , ’ i m I
c a t ch of c : ’j n n c ’ - k  scc l rcic ’n is w os ’t h s- .r c  ( a _ s i  t c ’,’ r i  1 11, -sr  nI - - I ‘s s r us  -unl i i a .  c i a .
s t r i p e d  b n m ’ s :- s i s  the - i n n ’  ~1’c -j  - ‘, ‘ . r u , f a t - s i :  s r s ,ss’, i a ’ J u s t r \ - ’ - - ’ s ’ ‘a .  . ‘c ’ s ’ a . ’a’ -; ’i
and one halt m i i i  1 ,7 c m “ 1 1, - m s .

~~~~~~~~~~~~~~ P r ob ab l y  the mo~~I i c c r p c s r t a : m t  ‘s- I s- aw e log  area S c  r’ a - t m  sn ’ ” mn s s t i r s - s s
(Ons orh ~ nchus  t sti sc a.’vs- I s )  , s i ’ ’~~!; . 1,. - C c - 1 ] f o r m s l ; s  c t s c - ’ s t  is h Sc-’ r, nr’ ,n -C ’o’-

San .l o aq i s in  R I v e r  s - vu :  c - sr .  ‘s n a. ’rd I r ig t ,  ( S i l l  f o r n ia  01 c-s h n i  - C icrsa .
app roximatel y 75 ‘s “ c e : ’t  c ’ S  1 - n i  i I .o s i i i ’ s ’ s e n t i re  ann ic a l c -i i i r , eo~ - n - m i m i c .
landing s (cucrcmerc ’ 1, - s i  cr , . )  ~~‘)0 r  , f i s l c e n c c  .s en a c - i na t i -  f~ ‘n’s ‘s- ha. Sc , “ sr’ s — i ”
San ~J oa q u in  Ri c a - i  s y s t e m . - \ r r i m s a a j  - ,s ss sr is a.  r c , is-i I isand I s-gu s sippro ximat c - si
500 ,000 fish within the l a s - s t  ‘ eta . ’ cs- - a m ’ ,’ i’d s-s s-sn s r’tf i~ i,irig c c - t a O  c- c t’ cI~ 1smoo ks
irs t hu’s a . sc a .’a rc- l i s a , , , ~cceded  l0O , 0u0 S i s i s .  i n  V a -  S s , c t . ’ s o - s i ’ ’  s- r .  allot ‘i’s-

25 , 000 ch ino c ’ks  s i r e annus. il lv taken Iv 0 /s p i t ” -. .

T h e r e ’  a c e  e v i d e n t  i v  I l s r , ’ a. - s J l ’ , t  1c c - a. ’ ’, g c i m ’ t  i n ’  ‘r  ‘n c-s a. ! ,‘ i , i s  ‘ok
s ,u imo n t h a t  spawn in th e,’ S . , ,  r’ ,ums’nt .’—C ,-sc s . S c ’ s s a j u i r i  i~~i a .  r c-’ t t ’ i ’ .m ’ .  ia1s ’ ’ c I —

I a-d by t i s r e c ’  sep ;ic ’ . i t  a. ’ sp.icu n i s i s - ’, run-s pa.- c -  - c e - , r . ‘ l i s t ’ -,’ sum - kn,’s,’: s ,  c’s t he’
Is - ill , w i n t er ,c n d  r n p r i n g  r c c r s s .  Tic-a.’ S a i l  i s - s  i s  I S i a . ’ l a i n . 1 , ‘ ‘ S  t im ’ i t s ” , - -

1:-I l
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and t ha.’ n ,c t ic  ra 1 rc’produa.’ t i nrc  a.) I t h i s  r un  is su pp  I a. s 01 a.td b y t i c  r et ’
h :s t c -h e r  ia.’s in tic s ’ Ss - ccrs j niec nt s_’ River t r i h u t a r  it’s. St- ’: a .s r , s  I h u n d red  t h o u —
sand ch i n o ok s  c o n s t i t u t e  t h e  f a l l  r u n .  Spawning  o c c u r s  A ron O c i n t h e r  to
M a r ch  c i  t er  w h i c h  t h e  a d u l t  c h i n ook s  d i i ’ . The young  move d o w n s t re am  to

ca. ’ s_ i a.’ es - i c c - I ru m .J anu s i  ry  t h r o u g h .J u I a’

‘l i s a . ’  s a lmon i s  m d  igenous to t h i s  co a s t , bu t  t he s t r  ipe’d bass
( M ’ r o n e  S . i x , c L  h i s )  was hit rodu a .’ed f r o m  t h e  A t l a n t i c  in the 1870’ s.
Obviously stripers have adapted well to their new environment since th”y
si r . ’ one of California ’s ta.’p raciking sportfish. For the  most  p a r t  . tha.-
s t r i p e d  bass is confined to the Bay estuary althoug h some ven ture out—
sida. ’  t h e  G a m l d e n  G at e .  Soccie a r e  caug ht fro i i c  T i m m a l e s  Bay s o u t h  10 M o n t e r e y
B c - v .

D u r i n g  the  summer and w i n ter  m o n t h s , the i cca j o r i t ~ oh L i e  s t r i ped
b :css  p o p u l a t i o n  (whi ch is e s t ima ted  to he he wa.’e r .  1 . 5  and 4 m i l l i o n )  i s
found  Lii San Pablo  Bay sou thward . The s p a w n i n g  s-s-s i pr a t i ot s  begins is -s the
s p r i n g  acid moves u p s t r e a m  t h r o u g h  t ime D e l t a  i nt o  t u e  Sac ramen to  R i v e r .
Few s t r i per s  m i g rat e  i n t o  t h e  San J o a q u i n  R i v e r  s - ch ive t i c - c  D e l t a .  The
m a j or sp a w n i n g  i r a - a s  a re  in th e Del t a  be twe en Ant ln rc ’ h .j r,d V e n ic e  s i m s - I
and in the Sacrs-ime’nto R i  a.’ a - r , where’  spawn icc -p  ~a kes s - i s -rin g A pril s _ m d  f tc - c ’

in t h e  Delta , and d u r i n g  May and June  i i i  t i c e ’  s- e r a s - r e n t  is .

MA N S INFLUE NCE

i’tsc u~’ p cur t ,m, ’ t lv i  t I a - s ’ s  by n , c i  s,  ‘. a ’ s - s i  a.’ c -s - c r  La. ’ Cs  s-na’s ’, I i , : ‘~a’ i” mu Is-
that it is . cn , n t i , i ’ s - a . ’ a l  “ s - , t  ‘tt I s - i t s ’ s  ‘i sic - .1 f l , t s l r a t s- s l u r s  . ‘i c j ’ ’r , s _ ’ : i v s t 5 1 - a
Inc  lude

• U y d r s r c c l  I , : r ” s i n i n p  n i ’ ga . i l d  in t t s c ’  S i u _’r r m’s n’tcctributing
r” a . ’d l s ’ne tc - n l i m s i d s  to fillin g l i t  1’ . i v ,

• R e ’- .’ , s a. i t  I sin a - f  wa I n c  II - ‘
~~

‘ - - i rs  t a. ’ I ’ - ’ i t - w Ii r - , ip ’  - ‘‘‘—‘t i  Vt - In ,
1rr ii ~.st i c - n  w i t 5 sa i r . a . c l s  i s ’ d i v a  r’ c i c c s i s  t o  ( - ‘ ‘ ‘ V - u r n  ( S s l i t - - r i , i a ,

• 151k j ima ’ t h  “ i  ‘-5 s a . ’s ‘ t  t h i ,  I i ,  I ’ a ‘r . s , r 1, - i , ’ t s i  ; s r i ’ ; ’ s ’ ’ s n ’ - . ,

• C C  h g  , c s s I I s i  log ‘ I n  ‘‘  r tp tm m&’ r ’t- s i t  ‘ ‘ - a. I t ’ ,’ .

• Cr ’  ar ‘ L a . -  r s , s s  M c ’ -
~~

- , I . 0 / - c t , c s i - a ’ - s j ’l, l i s t ’ ,

• D i ur b.c ‘ ‘ a. ’ . c ” t ic  , i s~ s m I - 
‘ ‘ I  i n ’ ’, -a I a..’. ’ - a.
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• I n t r o d u c t i o n , bo th  i n t en t iona l  acid non—inten t , u c c a l . of v a r i o u s
spe c-ic ’s such as s t r iped  bass and c e r t a i c s  s h i p  t’a . s c c l i n g  organisms
to the  system ,

• Development of waterborne  commerce.

No judgment is presented here as to the benef ic ia l  or adverse conse-
quences  of the above and other  a c t i v i t i e s .  The ae t i v i t i e s , however , are
part oh the descript ion of the Bay in terms of the unknown fac tors  in
e v a l u a t i n g  the  impact of any one a c t i v i t y .
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DREDGING ACTIVITIES

Dr edging operat ions in San Fran c ’ i S a . ’ a.) h,cv sssa.t a’ a.’ ,ihc,o t 7.6 cc - c - il 1 ion
cubic  m e t e r s  of sediment  annua l  l y .  The Corps a.m I Eng ic c - c ’ a .’ rs d r e d g e - s  s i b i , i m c
sIxty percent of the total with maintenanc e c-cf t w e n t y  O s _ d i r : ,  l i v  - s u t  h u r —

i zed n a v i g a t i o n  p r oj e c t s .  These p r o j e c t s ,  t o g e t h er w i l l s  t s s t ’  S s ’.’qsse c i ’ ’v ,
average  a n n u al  cubic meters mmd trscd it iu n a i  d i sp a . c s~s 1 Silt ’ , su r e  I i u r t a . ’ d  i i i
Table 8 and shown s_ c - n F igu re  8. The n e a m a m n i r i g quaci c i t v  a s f  c i r n  a . i s -’, c ’d

sediments is moved by the various port authorities , iirfvate in d c c srry w~ t i ,
water f ron t  [a c - l i  it his su ch as oil  t r a n s f e r  Is - ca l l i t  ies , c-nd m C I  j , ’
p r i v a t e  m a r i n a  o p e r a t o r s .

Three types  of dred ges are emplo~, ead in Sns n  F r a nc i sc o  Bay : t b ’
trailing suction hopper dredge , the c Lirrushell dredge and the hm \ dr s ’i u l i m ,’
cutterhead dred ge. The hopper dredge is the predominant type u sed f r
maintenance of Federal channels. Clamshell dred ges are us,.-I prins- iri lv
for maintaining depths around wharves and piers. Hydra ul i c  cuttcr i ’a ,’ , ’a.!
dredges are uurc’d in small marinas sind ‘ i a ~ i rs’ dra ft c l i , cs - srss _ ’I s wi - - s- s -u l,’nd
areas are available for confined disposa.~.
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TABLE 8

CORPS MAINTENANCE DREDGING PROJECTS

Annua l
Frequency Average Quantity

Location (Years) ~~,,~~osa1 Site (1O~M
3
~~~ ,

Suisun Bay
Suisun Bay Channel i Suisun  Bay 170
Suisun (S lough)  Channel 2 — 3  Lscnd 55
New York  Slough 3— 5 Land 3

San Pablo Bay
Mare Island Strait & 0.5 Carquinez Straits 1,910

San Pablo Bay Channel 2 San Pabl o Bay 250
San Rafael Creek 6—8 Alcatraz and Land 26
Petaluma River 12 Land and San Pablo 25

Bay

Central Bay
Richmond Harbor I A~ catraz 370

Point Mola te (Navy) 2—3 Alcatta:: S

MOTBA La,;t (Navy) 3 Alcatraz 30

Sauss-i l i to Operat ions  Base 3—u “ lcatraz 2fl
NOTB~ Nor th  ( M i l i t a r y )  i n d e f i r  ~~e Alcatraz C
Horseshoe  Cove (Army)  1 c ’ a i c - t l p t t ~~ Alcatraz 1

South  Ba’
Oakland Harbor

Oakland  Outer  Harbor 1 \ I  a t r a 7  230
Oakland Inner Harbor i A l c a t r a z  270
Redwood City Harbor I Land 250
Alameda CA S (Navy) 1 A l c a t r a z  690
NSC - Oakl and (N avy ~-

‘3 A lcatraz 38
San Leandro Marina  5—fm L Oud 32
Coy . Island (Coast G u a r d )  5— ~~~d A l c a t r a z  1

Ocean
Sar i  Fr a n c i s c o  M a i n  S A m i p

Ch - ’nne , l I San Francisco Bar 760

[1 1—2
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H sc  t r ’ a i l u r r g c’~sc t i a . ’ s c  d c - c -d y, .’ is ,m ‘sc ,i— .u aui mc-~ Ve ’s~~a. ’l  d s _ ’ s i g r s . - c I  lii

l m v d r  a s - s i  j c , i l i v  I i t t  lh e i  -ic ’s _ i  j s - ’ i c u s t  l’ roc n t i m c  h~~t t  s ’ : :  ‘..‘ i t h  d i  . s  . , i i ’ f l s C ’  i i i  I c

L h c ’c i s , ’ l s  t l i , ’ s . d  icrct ’ m m t  s -mo d . a . , i  I ci  i ii, , ’ s .d  i i : s s _ - s s t  i t s  h o p p e r  - .  ‘fls ’ ‘!s_ C’ ,, - I s

m s S i ’, I f r ’  t u , c t  Ii t h e ’ s_ I m’ .-s_l g i s u g  and L I s a . ’ t c ’ , o rs ~~p a m r t  o h ’ t h -  s, - .l i i t s s _ - s , t  s .  1 s t t i s c

-L i v, h op p e r ’ d c ’s _ s _ I C’ d i s p ’ s - - s - s l  i s --s c-e ’~~~L i ’ i s  t ~d t s _ u  a ye s , ‘.. s~~’ ’r ‘~ I I S ’ S  w i l l s

s c s _ i L s - u c s i t  S r e l a .  i S a ’s_i LIrm ’m~)cig ii s - s i t e ’ s  ‘s i L I : c  b o t t o m  , i t  sc ~‘ c- s--s s - s _ -  I .  ‘k ’s-ut

a . l t s _- a . .  - s - s  c - c - a. ’ u~~s_ ’d in Smu -‘ c ane is-sc-c Bat , ’ : L I s a . -  B I D I ) I , I - , (siscg~lcm .1, I S ) ~~S c ur b I i

- , ‘ L e ’ r i , c n p i c a . ’r )  i s is _ i  t i m e ’ lla.\R1 ) I NL ( t w o  h o p p e r s  W~~ i I i  ‘ - s c r :s - ls i cm ed a.’ u p s - c ’ I V  a l l
,,l , S ) i C )  c - u m l i i c  ‘Ca. ’t er s)  . ‘C c-s- t oh  t i c s ’  I ’ k i d  s t u d  l cS  i f  s _ i r a .’d g i m i g s - h id d i s po s a l

a.i I ’ a . ’ s ’ ~at  ions i t i v , ’ ,- t i ’ . I t ’ a.’ s_ ! the ’ s _ i  S c - c L s - s  s _ i f  these s_ Ire ’dya.’ r. i i i . - i , ’,iS Ij L , i .  i s
i n  I” i ‘ s ic ’,- Y . N d  r l i c ’ r of L i s a . ’ t s ” s_ )  drcs.l ys_ ’s- i - , is ~ a l i r c a  t , c s i r , s p a ’ i i t

s _ , s : - . i h i i i t , v s - i s - h e l m  u- ,’a . n i s i d  c ’ n , m h i c  p 1actccn ~.’ci t a ’ f  t ime’ d r - a l  ‘ c i  n r , i t e ’ r i , s I  s - n
- a - s - s - I  im ’me’d d i  sp osiI , i  ‘ - ru- s .

‘I

F I G U R E  9 HO PPER D R EDGE CH ESTER HA R DING

‘Lie c l - i us- -~ I s a . ’ l  1 d r , ’a l g . - i s  cci m c i i  t a ’ ’ i ’ e’d pi~ i t  u r r r s -  w i t  Is  si sw t s i g i r r i s- ha c i c s - Is -
o u d  , 1 - c r:r’ ; ii’Ii m d  Is  i s ’ s _ a l  s t r s s  t l v  I ’ s - i’ t h e  s _ I r a .  d~:isig p h a se ’ . I t  l i t  t s

s - s _ i i c - i c - S i t s  m n c ’ c h i . m u c  i c - i l  iy  is , ‘ 1 i ; c c s u , t ’ d  t i m  Is - s _ l r , ai s lis _ s - , i llv . tI c , ri z c i :ui s L F, s- ’ V s _  c - , s _ - ’, : t
, a j  t i m e ’  d r ’ 51 , :, a -  i s  . i a ’h i a . ’v e d  by  s w i n g i n g  s cs i  s~ci s s _ I c  using s - mnc - lci s r ’ li,cia.’s. A

s m m j port iso~ S ’ s - - s t a r ]  ‘j
’ t m m - ,~s s - m d  i c , s r s - ; es s s ’ s s v i d e ’  tI m e u s - u i lcction aci d t r a n s —

I c c - I I it’ . .  F i c ’  Id St  m m d  j s _ ’ r ~m as- - c - c  ‘ 5 0 1 1 c m ,  1, - s _ I on t h e  ,ir ’ ui .cc BOL I i t N  ris in g

S ~~~~~~~~~ a . ’ t ’ t i  a ’ cu b i c: s - S . c  t a . ’i ’ m i s ,  PS , I .  H i t ’ h i t S  l i ) , N i s -  s-duos - ri i n  I ’ igur s_ ’ 10. T u e
C - 1 g m - s ’ s - c - ’ I h - i ’ i m r — l m , , r ’ - , s uu , - , m , s r c r , -:s - s - ,  ss - t - L u c I u s _ s - s ns d for tim e’ 100—fat li a r’ s-

u s . . ’ m m u r i i t c i m ’ i c l g  l i , m t , ’ a.’ ’ , s ’ 5 s - . i s _. it , ie’s m l ’ i b o u t  l , j1 ) cubs,.’ f l u - t e l ’ S .
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FIGURE 10 CLAMSHELL DRED GE BOSTON

The hyd r a u l i c  cutte ’rhead dr a . ’d gs ’ is an s ir ’mchs , ’u ’es_1 p l ot  l’ m ’r m  w i  t i m  pumps.
The s ed imen t s  arc broken rru ’ c - h s - c u i  i c s m l l y  with t l u e ’ c ’ ut t e ’ r b m a . ’ : m a l  and I I f t i ’d
hy d rau l i ca l l y  t h r o u g h  a suet  ion pi pe.  The -s- a.’dirr s- s ’rit s c r c  t r :mni ’ s - pes r ta . ’ d  in
s m s l u r ry via Cm p i pe’ l in c to S m ic-ri d d i s p a ’ s - s i  I sit .’ , l l s ’r S ‘ ‘ ‘0 1  uI s-u- c c, s-t i c 01

the  d redge is achieved w i t h  spuds -m o d c -n c -ha i r I i c-as- s. l i m i t  .‘ s I f i e l d
m o n i t o r i n g  wss s p e r f o r m e d  w i t h  t h e  N c -v ’, ‘ s 0. H c — s r : c - t , ’ c ’  h y d r s u s i  ic  i s - i  t d r  s - c  -H
dred ge at  Mare  I s l a n d  shown in  I ’ i g u r e ’  11.

‘U

F I G U R E  11 NAVY HYDRAULIC CUTTERHEAD
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The majori ty of sediments dred ged in San Francisco Bay are released
at open water disposal s i tes .  Figure 12 shows the general loca t ion  of
the s i tes .  The majori ty  of disposal occurs at either the Carquinez
Stra i t  or the Alcat raz  Island s i tes .  The site on the San Francisco Bar
is used exclusivel y for disposal of sand from the Main Shi p Channel
across the Bar. In 1972 , regulation of disposal by the Corps and
the Reg ional Water Quality Control Board reduced the number of open
water sites within the Bay from eleven to five . Due to the poor flushing
characteristics of South Bay two sites in South Bay were eliminated . An
additional open water site was added in Suisun Bay . An experimental
site was established in Central Bay on a one time basis to monitor
availability of contaminants (Appendix I). In addition , an ocean s i te
is located along the 100—fathom (183—meters)  line outside the Golden
Gate.
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FIGURE 12 OPEN WATER DISPOSAL SITES
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SEDIMENT RESUSPENSION
A ND IN TE RA C TI ON WITH WA TER

— INTRODUCTION

l) r t ’dg icig s - m d  d i  sp i m sa  I c - a L  iv i t  ia. ’s inhe r e nt  I y cau s e  s- i d i s t u r  h c - s i m  e c-nd
red i st r  i b cmt ion o h  ho t  t o r n  u - e d  m e r i t  s,  A m s - m j s i r  e l e men t  c - u , -  c ’’ -~~. m r v  f o r
eva imi a t trig t he env i r onn m en t  s - u I c us s- i s - i c ’ t of , i  dred g ing or disposa l O j m ’ r - t i on
i s  t he d e t e r n i n ,’it iuc i  a s h  t I u m ’ m t  a.’rac t ions hetwe’en sed iu uc ’nt s - m o d e,, , t  a.- m

du r ing t h is  d j s t s s r h ’ c , i r i c s _ ’  nuul n c r  i t  r i h u t  i on ,  the dl ;s - i c ’ , u c t c r i s t  Ia , ’ ,, i t  M s - i s

i n t e r a m  t i o n  d i a ’ i s i t e ’  t h e ’  c i ; m t ’ m r s ’ s_ m t  po te n t i a l  ph ys ica l a n d / s i r  .‘! s s ’ c i s i c a l
u t  f e c t s  whi c h n ms - i ’,’ ha. ’ s- s_ i v c r u i e tu c the b i s’c J s _ m g ica.m I syste u: i . F i e l d  ac id 1, sh —
o r a t o r y  s t u d  ic’s WC i ’c  c.i u ’m d e ’r l cke , to q u a n t  i f y  t h e  d e g r e e  c - nd  s l u r s - s t  i - n  f
s e d i m e n t — w a t e r  i c : t c r a c t  j u d a s  c r  s - i ’ l a .’ s- ’ t a . ’mi d r e d g i n g  and d i s p ’~~ i i  ( ‘c -i t c cr ’ s-
icc- Sin Franc I s c - s_ c  B ; i ’.’ .

The t y p e  ‘ ‘I  ‘a-cu r s - s - c u t ( I . e ’ . , sand versus s i l t  or t ’ l c - y m  i t ’ d  ‘ he ’ wa t t’!’
s_ ’on t a.’f l t  ‘ f  t i m e  sod im e n t  a re  t i , -  pr i s - s -  S r ’ ,  c o n t r o l  I l o g  (‘ i r  u s - s - m t e’rs ‘used in
d o t s _ i ’ m  i n i n g  t h e  d s _ ’ s - ’, r ’ ’ a. ’ of ~edime’si t-’ sa.,- c ts _ -r mc ix log and ju s t t ’ru im ’t Ii ’ s - (Asm l fl’ ru—

d i c e ’s  C and  M ) .  -l m t ’ s e  p a r : cm e t e ’r s  a l  -,ii ic i i ’ l c m &  i s ’ s ’ th e ’  d u r s -m t i n  ~ t t h e
i n t s ’ r s - s u ’t  to r i , t h s m t  is , t i s s ,’ t ints ’ requi red “ c u r  

~ i r t i m  le s s ti c se ttl e ‘ c i S c  of
t h e  w a t e r  Cu ’t l c s nin , i u s a l  the t ime’ i a .’ - - ‘s-s r’. f m ’ ; ’ t r acm~ jm ’’ r t s ’ l  ‘~. ‘d tme ’nt , “,- ‘, u ~
f r o m  ti’s’ u s - p e r  w i t s _ - I ’  d l c ’ , t m , -,~~, i I  s i t u - ’ . .  ‘,~ c t i . c i u s 1  ‘ I  a. , t a n  . S

po r t  ion ~. f t h e  sec,i , r r , ,  . 1 1 ’ s -  ( I ’  i O u ’  s - a  Is i ns _ h a.’l ac - ,~ l -,,‘ i u j  i s _ i r e ’ s - u s ,  i r c s u s p . - c m i ’ ’  I

f o r  long p e r i s _ u d s  in the ’  w a r e r  s_ ’c c - I u m c c - ,

Seve ral  me t hm i du - i ‘ire u -.H m ’ ”r ’ is--a c  - s c m i’ ’a . u r g  ‘ es- I  ir na’:s -~ r , ’s u s - s -~ 5 u 1 ’ f l u , i s u f l .  ‘_ i e

m o s t  t y p i c a l  r e p r e s e n t s - i t m s ’ s - s  i s  i’ I s _ f l u - S  . d  l a J r S - - : a i 5 t v  s ’h ic : ”, is Os ’ s - , ’, it led
as p s _ r u  ‘ru t I L l s - I L  t r a r m s m kass i o u ’  a t ’ I jg !:t c’ & ’I I a .- . I a s - s e’ , I’a~~~ h t  a s - s - c l  V ’ S  c : ,

of sed im a. c i t  a r e  o t h e r  p a r s - i : i~- t c ’r s -  ca.’h i i e ! i  .00 ha. i s . - ., I a . -  P t -  - - ‘ .r .  t h -’ , ’ s - a f l —

te n t .  l-;s- -h rna.’, s - - ium r a’rss - s’n t Cs-c ’s IL. • - ,;n ; m ~ t i  ia ’ ,it ,m on S m  J t t  i n i n g  mm 5 ‘ . is .
Opt i ca l  rneasurem en t s--s s - i r a . -  s ’ s - p ’ ’  km 1 I v cs .  I u l  I ic r t mm ci jets- re I :m , ed t m ” j ’~ s - ,~ t - ‘ -

sy n t h e ’s - i s  and prod uct 1 , - i t ’ s- , “ u s ,  i c -~J ,  a. ! s o l i d ’ - . n e c - s c s i  e m - s-i ts ,, s e m , cs s d to
d e t e r m i n e -  such i u u , p , i . - t s  m c  c i i ’g c  i s - m g i m i  p a .  I I S , ‘ ir v ” .im ,’; c i t n ’ s_ - s i  er s ’n - .. ’ ’ - : s t h
f t t - cu t i on s and c h e m i c a l  r i t u f  I I i ’ , , i t  ion c c l  , , , c s ( -  i r r m u c , i ’it c ,

INTERACTION DURING DREDGING

I ) s m n i n g  t h ~ u s - r e d g i n g  ; c c i t c a ’ s s  ~, ‘u’ c r s - i 1 d j f t  , - r e - -, op t s - c ’  i o n s  ( l . t ~~.,

c u l t  i n g ,  l i f t i n g ,  s I ’  S oa ’ c - s - i r  wui ’ ’h u . ‘~~~ i - I c i c c i ’~ l m c r I s , i r m , ’ a.’ - so d  c’ n c i s - s - ’, ’ f l —
5 m m  c f  bot tom - i ’ d  C u - m u m .  F t s r ’ s  t e C h ,  h ‘ u s ’ i ’ i ’ i ’ . c c ’ r cci ’ , l u c r  i n s ’  ( I s - c ’  d u  •
i n g  ‘ s pm ’ r c i  S o r t  cn c - d u !  Ii ci t m  I - s - c s , ’ cu ’ -~. ,~ i ci c s ’ cut  i t s - t i m e  ~s i c . ’  - ic c - e l  s _ p  ‘I

‘V—I
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eq u i p m e n t  s - m d  t h e  Sits ’ c on d i t i o n s .  These v ;m u v in I c ,- ,, c c v  impa r t  e ’nergy
to  t he s y s t e m  and h ow t h e y  c - o c c - t r i b u r e ’  to t h e  add j ug , sd mixing  of water .
Figure  I t  i n d i c a t e s  a reas  of sed imen t  r e s u s pen s i o n  a r i n g  d r e d g i n g .
T a b l e  9 sumrrmj nar  j z c,’s t he o p or a t  ions of each ,  of tic - es t h r e e  t y p e s  con r i —
hu t icig to  sed i m en t  d i c - u t e m r b a n c e .
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TABLE 9

( t F ’ ERA’l’ f Ouls  cA u sr N c  SED l~1f”fl R l ’ -k ~F~[N~’i toN
D U R I N P  DREDG I N (;

Ves sel Time ’ of L i f t  hog
Tvp,e M o v e m e n t  ~,p,er a t i on  Cuttin g Thru Water l , oad in,~

Trailing Suction Yes intermittent Yes N” Yes
Hopper  Dredge (About 1 hr.

c y es - i c )

Clamshell Dredge No Continemous Yes Yes Yes

Hydraulic Cutter— No C o n t i n u o u s  Yes Na. ~I u i

head Dred ge

The t r a i l i c c - g  s u c t i o n  hopper dred ge , be ca ’sse of i t s  s i ze’ acid means
of p ropu l s ion , is the  o n l y  one of the’ t hree  d redges  tha t d i s t u r b s  the
b o t t o m  m a t e r ial  as a r e s u l t  of vessel pas - ige ‘sod prc’p—wash. However ,
t h i s  phenomenon  is no t  u n i q u e  t o  a hopper  dred ge b u m t  c c - s _ ur is  when€’v i r s-c-

-

‘ 

vessel W i t i c -  a r e l at  i ve ly  deep d r a f t  ‘i s eu s a nhans ic ’l  ( 5 ) .  A l l  i h re e ’
dred ges cause ag itatIon of t h e  sed i men t s  s _ H n i r s g t h s _ - ( ‘ c u t t i n g  i ’ ( c s _ r ..t ; an .
The hoppe c  d red ge d i s t u rbs  tI’se b o t t o m sc’d i rs-s- a. s - s - ts w h o  i t ” - t s s _ ’ trail I s - u g ,

drags pass throug h the sic -’ nl . The clams lrell dredge disLur lc s , s t i d  r .  -

suspends  bo t tom s c c l i m e n t  as the  “hus_ k . t ” bi~~c- ’ -. i s - i r c -  t h e  sc ,oS C r u i n t  s-md
breaks fs-’ee upon being hoisted . The I ~d r a u l i c  c . .t r e ’ r t ’ s _ , md d .  e’di~ m ’  is
c o n t i n u a ll y r e suspend ing  sed ics-’ - s - t s  s - sn  long -i s t !u ’ c - t i t t e r  i ’- ci “.‘d a. rc g m c ”

a d v a n c i n g  in to  the  sedimen t i s - m i ” c - ,  N t all of rh, sed iments C; i: s-g ‘sum s—
p ended by the  h yd r a u l i c  c u t t e n l s - ,”ad s - mn , ’ dr .s’a.a.a.” l o t- th c- s - u s _ r i - - n  p i p e ;
va r y i n g  amoun t s  can he e a r r i e l  ;mwa v by c u ;  r e n t s , u ’ s - p c ” ’ i i  a.’ f e j  l e ’ s - i n g
col lapse of th e  w o r k i n g  f a ce .  The p i~sc1 itc -es is - I’ I i t ’ ’  cu to ‘‘sc ’s -md ,,~ c s - 5

hopper dredges reduce  d i,stu r b s - ’ ’ i , s - e s  icc - the ’  w a t e r  eo lmmnt t ’  “is I ‘ut ’ - ‘c d  , r u c ’n t  s
a re  moved f r o m  the  Bay f l o o r  tic t h e  ; t c r f a c e ,  In u :s’nt r,c ~;r , c s - u -  Cs ,” ke”t c l

the clamshell dredge loses sed iments s- is t is  r a i s e d  t h r u c t u , ’h l ’ s , ’ u , .ter
co lumn .  These sed iments  c . o n t i n h s r ’  to be lost c lu i ’ m g  th e I c-c! i n g  o~~. r a —
t ion a is  t he  bucke t  Cr c - - ok - c  i rs ’”  of t -i s-m t er s s m r f , c c e  s-si - cl i c-s -‘,o i . ’ ,t u t i m e
du mp s -u  c .w t t r  barge.  C a t e r  cha r g ” s - -.I w i t h  pa ct  iu’m .m l ,’tI’ e’s (‘-151 r ‘ - s- I t  s _ n  t h e
w a t er  co lumn  when w a t e r  is  i ’s -t t: n ” km ns - c l lv d i s p l a c e d  Ir on  t ’ h i . , ‘sr,cw ot  s~- ” c em ’

i na dver ts - s- ’ss- t sp i I t age  occurs. is- i n  i l ar l v , ks-c- 5,~dPu ar dc a . - d g u’ d l s s _ ’ h ar t t e ’ s a
v ot e r — p a r ’ s -  ja.’ U j s - m I  e m i x t u r e  d u r i n g  the  o’,’erl lo~ pe r iod s . ‘\ t  t ic-c st  ‘ m  t, of
f t  l u ng the hopper  a. - ba rge , w a t e r  occup ies t he ~~a m I  c u n s e S  ‘ 5 veSsc’ S
be lo w L t i~~ w a t e r  semc - face . This  b e ’ s- ru - se- tu ic - ho t c- ss-ri g a t m - ’ s - , rh i’rcuc’. t c

— ‘ which  t he  m~, e s _ j jmen t  is s - cr. ’ released , i re  net w a t er  t i g h t .  T s-t ’s ’, ’  ‘c’, ’ a - r f l , a . .
p s ’ u ’ i - . d s in the l oa.c-ding of bo th  t ic - c  hopper c-nd t he  h a r p ’  ac ’c j n t s ’n - ,I -  s-I to
d i s p l a c e  t h i s  wa ter  in t ime V e sS el s  vs t i m  sol  a d s  tm ‘ 1 s t -c - in t i ’  h i 1 ’ r ’ .’~~u
p r s - m u ’t i c a l  s o l i d s  d e n s i t y  ( c ’s - i ] led ecoui u m s c  load ‘is pp o c,’,i • u - i : c i s  i t s - u - u n

lo,,d).
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- ~ ‘ S i~ a. ’ ,- a . c l al i t i imn c s ci c - s m ,  i n  I I s i n s :  a.’ L i i i ’  s l . - g  u ‘ - a m t d s -c , - !‘ , . i  a. 5 id I b u s - ;
t h e  II ~c t u m r a . ’ , i c i a . i d c s u  i t  I s i t i  ol  t h e  -- a . ’ d i m e n t — w , u t ,  - i n t e r , s - c ,  S m t e  s ’ s - n —

I 

d i t  j a m s  s s t  inip. t’t .na.’ a.c j mi , ’ l ’ , i cs - j e -’  t i m e  c-s-e d ii u ss _ - - u t  c ‘ c s - m r s - i ,  L u  j r - I  , is p r e v i c c c s ’ ; ’l y
d i sc ’uc-e-,a -d , de p t h  c c’ I c c - a . ’  ot ’ th e c u t , sps - is _ ’ ing and - ; iu - u 5 ca. ‘ t  t ic-c d c ’ e’dgitsg
a r e ’ s - u s - s  acid i’ a . ’ s tr ia - t  i , ’n s .  d a . ’ s - t r i s ’ t i o c m ’ s  p l m c ’ed on t i m e ’  i ’ s-~

u .1 d r e d g i n g
equ i pmecc -t w i m i c - h  nc-i y m a . -  u se’d in s _ - em ’ t .c icc- s - mrs _ is , ,‘m I t imou g lc cot a - , s - s i c- n
f , m s _  L a i r , C’s- tn s i g n i f  i s _ ’s- i c m t l y  ti c - f I s m a . , ’ u s - u ’ a. ’ t h e  d e g r e e - ’  a n d / a u r  t h e -’ ‘ i m s r a t  i - c o  - f
d 1st u r b , m n c - e .  ‘t he t\’p c’ of equi pm ec mt  whic h es - in  be used f,m r t h e -  c ’ r u , c n n e l
ci r a. ’ci g icc-g c’v s,’r the Alameda Tubes-  j~ ( 5 ;, l ,l , .csd l c c n e r Har bor . t c m  s_ ’:c s- - imp I t
has he’en limited i c c  L ic-e hopp er d r e d ge-’ to ins c m re t ic -at d red g irc g c u s - u m ’ r , i t  ions-
do c i s _ i t dams - mge t he  t u n n e l  rs . The length and shape of t he a -u t  reqc i ired
a’va.’r the tubes dcc’ reases the operat ing eff i i ’ I ems’ c, of the ’ u l  r - s - r  s - s - r m s  c f

t h e  i c c l c p e ~r dredge , c h a . ’ r a . ’h ’,’ i n c - r e a s i c i g  t h e ’  a m o un t  of w s - c t e ’ r  p tm cn l ’ a . ’cI  - c u i J , i n
t c c r n , irs - e r eas Log th i s ,’ u s v e r f  l ow from the hoppers. This ari d Li st ’  ‘ih e r
I s , i r , i ’ ,, ’ t a . ’r s  i n f l u s ,’t ’us ’ c’ t i m e  c ’f f  Ic  i s _ c c - c - v  of t’ ha.’ d r e d g i n g  op t s -r at  I c ’ S  ;i’,d I bet s- c—
I , c ne ’ in ( I  c i e t s c -e  t ha.- ’ d s _ p t ’  s _ s  s-i rs’! c h u r s - i  t ion el~ sm’s ’b i c u m e n  t d i st u r ’hs - cn c- e m d
I c c - t s ’ r , i . ’t ion .

S t u d ie s -  wer e ’  c o n d u c t - u  iii 19 7 4  — a.’. cr ly  1,97 5 in M u i r ’ ’ u u s - i n c  ‘ s - i s - i t s -,
R i c -hc rm on d h 1 a c - b u ’ i ’  and s- \1 am a.~ L ;  N c v , , l  A i r  S t a t  ion to qus - 4cc -t  ~1 v u se d r - c lt ’ ing
p l u m e  i i ’  t e r m s  c f suspended :sc m ,I ids -  acid s - se - c r c - c o t  t r an sm  i s - s  i s - ” ’ . 9’.ci i ’ l c ’ j Q
p r s _ ’secc-t s repc ’ s_ ’ cs-e ’n t t ivc-’ r m - ,-;u Its for each pro j ect  s - i r e ’ s - i  . I ’ I’c’ ef f ’ s -  t s- f
s a l i n i ty  on f l , c i ’ c u l , i t  ( , c f l  i s  i c c u l i r e s - t l v  ap p a r e n t  wh er  ‘ c - i  s _ ’n t r s i ’ ‘ons  ‘‘I
p l u m s _ s a r a .  csms p s - srs ’s i  h- , - t wc - e’u ’u c m O s - I S .  ‘th e c ’ons_ ‘-‘St ra t ,  ions  a r m -  l i i g l mm ‘ i n

0’ M s - i r e  I s l an d  S i r s - m i t , ‘S-i s- c - re s a l in i t ’ . is l ower ‘o i t  i s  in t b  ‘ r , t y a ~
Bay p r o j a .’ - t s .  F i g u r e  14 d e p i u ’ t s  an est i m c c t e - -~l s-cs-. ‘s - i’ s -  u’ , ‘ I ’ , s - s ne ~c~s - !  i gc  r ,’ , —
t ion f c u t ’ u la r . - i s L ’ n d  S t r a i t  ,, ‘ - . n c i e l  assoc i a te d  c ’ : i t 4  , sa ’p ue -- r di  s,’’s- s~~’’ .
1 ‘ u s - ’  v e l s  c i t y  ‘c f  L I s a .  d , c’s_ i g c’ r - s s - i ’, i ’ s - ’  Lo t h e  bettor, s- - i ~r- ~o 5 i t ,, ‘ , , t ~

‘ ‘,
- - ‘

-: k n o t s -  ( s - s - s - m e  m o ’ s - c - i  I ’ m  s - s c ’ s _ s - I  ~ , In s - c - o r - u ’ , t h e  p in e - -  ox ’  s ’ r r ’ ’  m ’ ’ ’ ”,u s- he
dred ge I ~~~~~ i r he u p p er  w a t a .~ n a i l s  ‘s-i s - . .i ‘c t o  o’.- a.cm’ I ’. v , ‘ ‘‘c - i Li . - -
5’, - s - t c - r  C., ~m L Sfl ,~~~~‘u ,s- d i , s t , ’n s ’ e in s - r e -c . u - u s - ’  t h u s -  drc ’ c iga. ’ , t ime u 1s- c c - c  I) 1c ’ t s -

‘ 
s - c a .  r ge s  W i l l s  the c - c -, , , ’r p lu s - me  ‘,~ a t t .  ‘ s i t e  s ‘ s r t m t  t r , i c u — c ’i s s - - - i  ‘~~~

‘ 
tr ’ibu ,s-re s c r l i ; , s t b r s -s - r m g hou t  L imo w, t s - c  a s - c l a m s ’;. S”i l i s _ i s e ‘ i t ’ , i a u m , r s - m t ‘ ‘ I r S  in
t I c ’ ,  g .’g us ’  and - ‘ i s ,  .~, i t c ’ g ’ u ” s - c l i m n s ; m  r s ”c’H,’ s-’xr,- - si s- 5C’a ’e’u~ I - m i - - i’ s - u  H ( e n s - c m ,-
1s-~’y L i t e ~ ‘-‘s-c~~e’~ I ‘h ire ’ s s - t l \  ad j ’ mi ’’ -n t  Ls-i t c i e  - pper - ‘ r c’d t’, oa.’ e r f l n c a .’ ‘

( - ‘ic-ce n t ’ s - m t  ‘ a ’ s- ii, Lisa.- b u t t ’s, ’ v : see ’nc ”,s ’,’ s-s pro,; ’ pet’ l i t e r  is-” - a s - ” ’  0,

a p p r o x i m a te l y  300 to s-iO O m e t e r s  d o wn s t r e a m  ot  t h e  hopper dred ge a cl ear
zoc i e m p p e m r ’ ~ in t h e  mid i lower water column probabl y due’ tm ’ po r t  i U—

l a t e  ,‘ i g i L , , ~~~i o ’i  ‘is - sd , m g g i  u ’ ~ ;- ’t  i - s - u s  s-s- cr  sed h ’. t ’ ’ c ’ ’ s - s -i ’ i , ’ i I - I e  p i t  4 , t s~ r. i s -  r ,T’ ,’,—
, m f  th e- -s- a.’ s-s- s - i .  I ‘ i s_ ’  p l i c s - s s i_ ’ ,~5jfl c x l  a n d  s-ua a. : ,’a.- t i c s - i c ’  ‘00 m e t e r s  ds-’.en’~L” e- i t s - ,

s-c: , ‘Ic p s - s t  i i  ~ as d is! c - d c - a . ’  f rom  tic -c -i e’s-i gt ’ m c ’ .rc - uses t h e ’ - x t  , ‘ u t  s_ c 4’ t ic ,’ p l um~
hecs - , u me’ c-, i I s , ’r o s - , s - i c c~ , l y more L i m i t e d  t a .  t h e  .c - , ’ t a m m  u s - s - i t  m r s .  ‘ c ’ ~~~~a.’ v ;  r . is

‘:‘ ev i d m  - t (“ s-rn Hu m s -  r ’s- c i u l r ’ u  i cc - R i c ’h rts - cna. s -  Har t - u i , s’J r t  c - c e  I L,, u ’ l a . r ’ ’ ‘ ‘ s c  a s- u

-i i ’s , - - x t - a . l m u  mi e ’ r~~y t h e . r m c  d e w n s t r m , ’s- c uu s - . The sus -~~sc ’ u r ; i l e d  s - u J  i d s -  , ‘ - ‘ u s - m ’ e c s - —
a. t r o t  i , ~t 1 s - -  a.l~~s ’ s’ s ’ c - s C  w t t l m  d s - I s - i n c - c  f r o m  t H e  d r e d g e  ‘ , i ~~- t  ca  t h ’p ” c’’ ‘r . (ant—

s i t s - i l .  Samp l es w. I’t’ t , c k m ” n  . m d j a u ’ ca ’u c - t, r u m  d i s c ’ m ; m r g i s -  p o r t s -  t o  c r e t  ‘ ‘ ‘ 1 ’  ‘‘i i  I ’ ..

m ax j oI n s - u I . m 0 d  I u p  s - r u  t ic ’  m i d ,  wat  s _ - n  col  non , l c i r  ir e , i c r  i - a d s  . s - I 1sc ’n ~~ec
dr , ’ ’ !  msa . - s _ ’ r f  i c  w . C s_ mn ‘ ‘‘ c m o s - t i  ccl’ s c - c  h 4 s --h  as  5 . 7 gr a m s  per 1 i t e ’ r ‘ ‘ s t e
m e - c s - - u u , m ’ c ’d . ‘fi r m s - s - i ’ C . ’ n u ’ e u i t  i t t . m a c c c , - s - c r c  r’ e ’ duca m l  q i m j a.’k lv  t o  t h t  t c c r t c ’ 5 t’ ’’d

I
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m i l l  i gr arn per l i t c - r  r ange .  ‘ l i i i ’ , i s - ,  rs _ ’ f i i - , t o t i i i  t h u .  a s  , , r  c ’’- , - u c t e ’d i n
Tumb l e ’ 10. The-c susps,unde-’d sa i ls_ I s a Oc t  s _ m i  i r s - I  i ,  ‘ s - ’ . 50 ms_ - u ‘ m s ci ‘ens-i rc ’ , mc u, I rum
the c l a m s he l l  dred ge were s i m i l s - m r  i t he - h o p p er  cu c’ e’dg. a , , u i .  s _ o u t  rat i u m i u - , i n
t h e  sc ppe r  amid mid w a t e r  u ’ o lumn . Hcs,’ e v , ’r • t i u , - v  wa. r e  s-a. ’vs  n — i l  t i s -  c - s  I i ’s- e r
in  t E s t ’  I s_ u wer  w , c t c r  a.’o l umn . The ’ p 1 mince s- . , i s- - s  c u i  t 301’) u s c ’  t s _ - n  is l o n g  - ‘ c i  t u i-
sii r t ,c i ’e  and about  4 50 im m e t e r s  l ong  t ic - c r  L i me h c u t  torn.

TABLE 10

TY P ICAL SET) TMF , NT D I S T U R BAN C E  T M ‘-~4’l’ER rrc7,t’cM~: rum ts-r cnt’rirj”r,

“ 5 ST ’ ’ Rt ’ ,,’,’,’ ;s- us-c IN s,, i’’,’,’,, ’c , ‘ “ cu - - s  — —c s - , , , 
— 

a . , ,  .01 c~n ,a.~ u sa . . ~ - ‘ 00 c ,  a l l  c.- c c c ’  c s -  moe
is- s- r , . c , a .  c ,js-~~j ,, , — ~~~ ‘ -a 1

‘Ru ,  usc ’,’ ‘F r , , ,  ~,‘ “is- - s- ~‘“,e:’
’
~ ’~ - ‘‘ - ‘- - ‘ s- ‘ c ,~~- ,- 1 ~~~ Ave L,-v ,~~t 5- , i-as- ‘- - s-is-

s- mopper s-u r -,t ,u~-s-
Mare I s la n d  St ra ,t

1 m , Depth 2c 33 2 7 ’, 0 2m 0 2 5 0 s- u , 0 a. ’ - h i  .4 3” s - _ 2
5 a. , Depth ii usc 600 2 510 ‘ 4  180 is - .1’, ,  ,‘ , ,  ‘9 .9

10 m, Depth 1 s-_ s 150-4- 0 1. 110 7- . ’ ‘ s - +  0 ‘ ‘ ‘ ‘ u ’ ’  ~~o-.- ‘ ‘ s - s - s

Richmond cl am -ba r
1 c c , Depth 75 3 1 680 0 82 cc ’- 2 7 5  , ‘- Si  c ’s- 685 Os- 23 23
5 u. Depth 65 33 700 0 39 33 s - R U  55 s - s 5” 14’, 57 s-u, 2 7

iO ‘c, Depth 60 39 27’ 200 “5 s - i s -’ is-u — s c 4-’ s- s - 32

i s -  ,rnod,, Navai -Sir Station
S m, Depth 75 3’, :75 0 ‘4 1 , 5  — — . —

Sm ,  Depti. 72 28 600 — 47 ~, ‘ - - - - . -
iO c’ , Depth 70 38 700 40 58 ‘ — - - — —

i D r , - ~~c
Alameda r , , ,-a.a. u A s _ u  Statio ,,

1 m,  s - u . s - s - h  s-u) 2~ 0’ 5 ’  5115 ‘0 ,, 
‘ ci — -

cc. . s- e s - s - s  1.6 34 ‘0,’) 5 172 88 4 s _” , 5) 714 c v  U — s-~ 2’,
So -,, Dept h 4- 9 37 ,0,c 4 1 d 8  33 - — — —

s- ,,, a d s  u : h , , n n , - u ~ ‘3, ”, m , Us_ a ’. c, ‘ s - t  ,‘. t a r c a ’ . ’ ,c ‘, ,  as  55 , ’  ‘ta t ,  ,, c c c - s i , ,  s - u  . rc- - ‘‘5 cia a ‘
, - “ ~~r , i nS l i g ht s - -~-n,-t r a. ’ “,uc - r ’ c ’ - , s- ’ 5 - - e s _ e r  s- ‘ ,t

~cc~~t ’ L5 , - , L a u c ,  a. In ‘s - s- e r ’, s _ u i ,  a ,,‘ , s - , c e,i
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t c i ’s t s - i m i a~~’us im ave been observed in Mare-’ I s - I  md St r- . cr  -,s-H.-n t Icc -  m i x  i m g
c cc l  t h i a .’ h m j t t c - r i i  s - - m i t  W s - l t o r  with s- s mm r t s - i a  C frcs -- .hu ‘,a.- ,’ c t i,’r h ’c ’~- s i r s - u i ’ ,’ l ug  s-cc t i c s - d I V
redua.’ ccl t I ce su ed so l i d s  lo s-id ing in time I ,  ppe-’r wa c. u - mc I ummn

~\ t  u s e  se- ’cl i n i e m i t — w a t e r  inter s- l i e , the dred g ing opers-it i s _ m c i  can  m U S S ’  c-
l u f ) ’ si m i l a r  ro  t h a t  c .s ’cur r ing  dur cc -up s torm cond i t i s_ ’n s  sIr period s- s _ c t

Ii ig i m s-ed ini em i t  tr ,isi ,’ u l uuuc ’ t i n to  the ho ’,’ . The p henom ent ’sn c’s ‘ u s no h e-us - c -us e of
t ime “hindered settling ” of t h e  sed iments  a t  c - o n c e n t r a t  inns  gr e - o c t  s _ n  I h s - m r i
a b o u t  t e n  grams per liter. The particles flocculate and a g g r e g a t e - ,

- s- cus ing arching of part id es- s and trapping of water. Time -’ ‘hindered
s e t t l i n g ” increases  t h e  t ime r e q u i r e d  fo r  c o n s o l i d a t i o n  of the  h’ m t t orn
sed iments. The cond it i ’mn is generated by the’ p ic’ a.’sical d i’s t u r b , in i - i ’  to
t he h sj t t a . cm sed imen t s  f o l  l a s - s - s d by se t t  I ing of the resusp ended  sed m ont
h a t e r samples  in t he-’ I c ’ s - - c r  e’, i t  er c o l u m n  ht s - s - ves - conta m e d  two grams ; - m - r
I i t s _ n  suspended s-n i  ids. T he s-ed irnent us in sh s_ s- i l s r e q u i r  lug ma i c-tm”saic -s-

. I c ’c’ s_ ig ing are  450 t o  500 gr am s  per l i t e r  ccf sol ids w i t h  w at  c ’m c en t  es u t  as
of u m b o u t  85% b y vo lume . L iu s-, ited informa t ion is - s us been oht~t lied hcs-s-. s - i c ls a. ’
ma ny ,i t m ’ s - m s  of the O s - m v natural lv Is-ic- k s- i well dc-f m e d  hut t - s - . . or ‘ f s_ cf f’’ is
not sc i ws -cy’s - generated . Pi ru ’’slation oc tidal flows with fillin g through
h s i t t o m  water c-nd ‘ - .s- :p tying y i n  surface ec-: s’rs s -mo ocs - a . s -u r s  in m a ny  oc ‘ he
d r edg ing p r o j e c t s  ( , - . , ‘ . ,  M s - r e  Island Stc -ai t , Os-ikland ii,,rbor , R~~c hniond
1-l arbor  and  A l a m e d a  N,c ,’,u • ,\ I ,  S t a t  ion ) caus-s_ ’ t im e lack of s-s s-a.’1 1 de - j m i c - - (
bottom or ~ l c i f i ’ to  rema in in t h e  dr a.- dg ing - i t e .

INTERACTION DURING DISPOSAL

Af ta. ’ ; t h e  ‘.ed i m s _ ”sis a re’ ( os -i l ed e u  I.e m m  a lion 5. , or in c b -a rg ’
the a.’ ‘re S “‘ s - is - s c-s- s - c a r  s a d  L i :  i n , ’- c,’f ~~~~~ ‘ uesi gs ’ ted di ss p u - ,ss-, I sn 5 --s - c-c ’ u k ha ’- -
tsr  o f f  r ue-’ c-oas - ,t. D c c ,  “s _ u ’ ’ t his -,’ or  ‘,,i~~’s s - -p ~‘ p e — r s - t  L o u t , c’ ’ u s  ‘us-h,:,’, s-c t s - a . ’

‘Jists-s r bm ’d s - t , i i a .  u—’tI’ c’’’ t’, .h “ i ’ ssp ert ic ’ s  s_ u ’ u s - i a . ’ , , , s J imec ct : s  a r e -  r e -s - si n e- sm
eliminated ) du,s- to the physical a c t i on  of hand l ing t h e  sed m n ’ s - t o  s - i t s -
t h e  bucket or Ll cr i ’ ucu ’ h the  pusnos and ‘ Ice’ ;idc it i’m and n’ i x in g  of ~ ,t e r .
Tb1,’ s - s - c’ ” . 1  i s - n  of -,‘,‘.mt c ’ r s’ss -” curs ’h.ircng Hue u utti tc ,~ or s -r s c i o n  ; m - ms_ I ‘ ‘s - r e - ag t ts,1

load ins - ’ si, Lice oxcmvats-,s-d ‘ e i s m ’, ’o s- “ c _ s - ’ ’ . w i t h  i h s _ -  s ’ ,’ , u i d u a l  s - - s t , ’r 1 , t tt s_’

hopper u: - -srg..s-. The phvs i r’s-’ i p ro p e r t  ies- of t he  s-ed iment  r - ’ n o c  s - i g”
m c i f 1 s _ ’ s - c u s t l ~,’ c c l t , ’re ’sI  i s - i c -j u g  ‘ i ’ s - s c -u ‘ , . r s -  t o  t I c -  d i s - p o s s i s i te  H a .  e i t i c c  r ‘. ls - . ’

a ‘ dur . m t  l c s - i l  ccc l  t b . li’ c u’ ,j, or ‘,‘ i s - s -r , m t i ,  s- - . s- s m , ’ i c i g  t s sc s - c , ,u :  i.~ t s -r , ’nd ~~s-’ ( I s -

hO e ‘c h y s- :s-~ .‘ , s - l  p r i - - r t i i ,’s of the -’  , -~~d i m e n t s , in t e n s i t - ,’ s u t  d i s - , t u r h , n s - ,  s_ ’

s -nd  h ’s- r a - su l .  ing u ’ hang s-’ in w a t e r c , ~ , l s -  s ’ s - i  a f  I a.’ c L  t h e  r e l e a sa .  c .c : m e r r .  of
i_ he s-m s-s_ I ‘ s i - n t ’ s  I t u t s ’  t l u c ’ cp e ’m c w a t e r  s - v s - t e m p . D m s - r  l ag  c s - t a n s -’ i t  -n d i s a s ’o s -’i l

S t ) s - , , ’ ‘st ” , I f t s - i e - ’ s - i t  s or a .’ u’ , h -s - s  ‘ SC - u i  t h r o u g h t h e  bo l. ts_ )tti ol t ie’ d i s -p o s in g  ‘.‘ a. s - s - i

c -b o u t  ‘sc s-en ocet  c ’rs  he l  s_ lw u se-c w a t e r  “ c u r  1’ ‘ c s _ ’ e fo r  h c . imper d r e d ges- - s - n d  a (c-cc ’, t

f ive-’ i s - s - .’ters t’c’r bar ds s-’ . S’mrf ,c’’ m d i s a . - o i o r a t j u ’ s - u  a l c : . a . c  r ’. a d ’; a c c ’ s - s, t i n ’
hopper dredge ’ when the ‘‘mm’s - s - t a r t  ~s 1u - s- s - r i - c r  to the re t u ’ s - m Oe - ’ ( p u m p i n g
a d d s -  wa t c - r to  t h e  hn~ c p i ’d ’ - -’ t’ ‘ ‘ s u m  I s -  m cc-g in ‘ s e r f  I w) c -nd witen t, h u m ’ ‘s- is ‘a end e’d
s- ,tl id ’s remu i imci n l s - , i f t a , r t i r e  s - s - i ’ ,! is - s - nts pass throug h t he-’ s- s -- i  e u  c oIum m t ,s’ s_ ’
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s-mg i t , i t  s -u !  by  t h a . ’ twin ‘sc rews sd t h e  vesc’ue-’l . The suspended s-el  id a i s o —
,-ont r ,ct ions ‘1’ t i m e  mo ot  t u r b i d  s- sc io n on time ‘sIm d’f s - ces- cl urimi g d is - sp ’’ -,,s - 1 s-c r,-
fou n d  t s ,  bet c-s h j c ’ , Ii  s-i s 7 3- h m i l l  i p r u~s - o I c r  l i t e r .  P i t I s  Bay mud , t l ue
s - c -  e r  i s ’ n t i ’ u u t  01 t h e -’ s-ed im edi t  acid t I l e ’  d e g r e e  of d i s t u r b a n c e  to L I u e
s - s _ il icn e’nt s_ l c m r i uu g dr .-i l s - s -, ing s - ira.’ the’ c ’ , s u u t r s - s - l l i n g  f us - t u c r s -  in d s _ ’ t e ’ r m i n  i m i g  t I u , -
di ‘s-t ’ a -n ss is _ s n p , s t  t s_ ’rm’c of t Ime  sod [mis-nt s-cs i t  passes t h r o u g h t he  i , s - i t c  i

c, s _ u !  s_ cmn .

I’ s-- cu ra . -  I s _ s - i s - e s  of Bc-v mud t rum ‘mew i’ods strue t ion d redg ing w i t  I s a
c- I c - m s l i e -’ l t  s-en,’ n m o nj t c ’r e d  at time 100—fathom (183 m eters) t c - s t  s i t e
l ,-\ I c p eum d I s I . ) .  ‘ l I s a . ’ ta.’st sits’ had a sand y suhst r s - u  I w i t h  phosp ha t  is -

n o d u l  s_ ’s- .ms shown in F i gu s -re ’ s  15 sind 16. The sed itcc ents passed t h r o u g h t h e

a. s t c ’r  c-isiumn and mounded in c l u m p s  as shown in F i g u r e  17.
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FIGURE 15 OCEAN BOTTO M AT 100-FATHOM
TEST SIT E
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FIGURE 16 NODULES AT 100-FATHOM TEST SITE

FIGURE 17 CLUMPS RESULTING FROM
100 -FATHOM TEST SITE REL EASE
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R e - i c - c -se’s from a hs_ ’pper dredge ni~un i ts _ s-r ed ‘ i t  t he-’ ( .ir mu u is - s e - -, S t r a i t
Disposa l Site resul ted in plume ’s Oil t h i e - ’  I a . . t t  u s c  s - i l  0 s- r c ~ ‘ m zontal trs - c i i s—
por t ve l oc i t y  independent  of the  t id , i  1 d ’ m r r e c c t  s. . us í a .  s - m s  its euf t lie
d i sposa l stud y at C a r q u i n e z  S t r a i t s -  ( c s - i c e - ’  re - s - l ease disp l~i .- ed in F ics - c i r e -’ 18)
w i t h  c o n c e n t r a t i o n s  0 .25 , 0 .5  and 1 .5  m e t s_ ’r s  off the bottom revealed
seve ra l  impor tan t  f ind ings. F i r s t , t he sol ids c o n c e n t r a t i o n  s _ a u  hi ’ ts-o
o rd s_’rs of m a g n i t u d e  hi g her ( 2 1 3 - g i l )  in a w e l l — d e f i n e d  p lume w i t h i n  two
met e r s  of the  bot tom than in the remaining wa t er column (0.2g/l).
Second , the plume did not always ps -iso a specific point ( s t , m t  ion) as a
homogeneous mass. Instead , in many cases, two pulses in differen t
stages of coincidence occurred . Additionall y ,  the plume did not have a
uniform concentration grad ient with t ime . The concentrari”n of sus-
pended solids generally seemed to build rapid l y foll owed by a much
slowe r decreas-s-e. Third , the -- hig hest solids conceutrs-m t ion was C s _ c f l ’ s i ’,t-

us- n t l v  found at t h e  s t a r  ion pos i t ioned  on the lower slope s’s-f the di ojuis sa l
s i te .  F o u r t h , c l oud v e l a ’e it y  in it ia l l y  seemed to be in d eps _ c ident  of
c u r r e n t  v e l o c i t y .  ‘i s u s - il suspended sed iment eonc e nt r a t  s-~on in (is-c water
column above the top d i  t he  cloud (es t imate -r d  to be-’ tie more t han  two
met ers o f f  the  bo t tom ) was about  one-’ to  five pe rcen t  s- -c f  the t o t a l  sed i-
m e n t s  in a hopper or barge load , depe nd ing on t h e d r ed g ing c o o d i t  i on ’s
and t h e  disposa l si te’ .
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The dredged sediment released at a disposal s i t e  p s ~~sesst ’ s an
initial downward momentum and a density greater than tha t of the sur-
rounding water (7). These two factors result in forces that cause the
material to settle in the form of a cloud , or density current , rather
than s e t t l e  as ind ividual par t ic les .  This is called the convect ive
descent phase and occu rs very rap idly (6). Settling velocities cal-
culated for ind ividual particles do not appl y during this form of
t r a n s p o r t .  The t ime dur ing  which the cloud is in contac t wi th  t h e  upper
portions of the water column is in the order of a minute or less. Thus,
ambien t  water c u r r e n t s , except near the bottom , are of l i t t l e  conse-
quence in dred ged sed iment p lacement ( 7 ) .  Current s are important as
they  a f f e c t  the  transpor t of the t u r b i d i t y  cloud tha t may be genera ted
d u r i n g  the  descent .  Suc h a cloud is formed by overflow just  prior to
release and by d i s tu rbance  due to the prop wash , the vessel pa s s ing
t h r o u g h  the s i te , and by the shear stresses developed at the  i n t e r f u s e ’
between the  descend ing mater ia l and the aNbient w a t e r .  These st r ” s s e - s -s
r e su l t  in d i s s ipa t ion  of the  in i t ia l  momentum and in the c r e a t i o n  of
t u r b u l e n t  eddies t ha t  en t ra in  water and r e s u l t  in sp i n o f f s  f rom the  main
cloud. The sed iment in the upper water col can ir i  r epresents  a very small
Percen tage  of the t o t a l  mass (1 to 5 p e r c e n t ) .

The seccnd p hase of t r anspor t  occurs  when the c loud begins  a
d ynamic v e r t i c a l  ci- - i l ap s e , ch a r a c t e r i z e d  b~ 

h or i z o n u u i l spread ing upon
contact with the bottom (6). Collapse is dri - ’en primaril y by pressure
forces , and resisted by inertial and frictL”ma l ~ u r c e s  The m a t e r i a l
f l a t t e n s  out  and is s imilar  to the  base surge cloud in und sr g round
J .s-ton at l on s as i t  assume s a hor~~z- c ,ota l c ir - ’s ,.lar shape w i t h  ~mal l  ver-
t ica l s - ’ ’ r n s -~~’s i O ’ m , .

S i c - s - c t h e  hopper  dredge hi - ‘1” ~G h~ s two hopper s , is-he twin i’s , j e -~~t ic-
i a . s -,~ s _ d~~ í s-  in two p lume f r o n t s  w h i c h  - s - I f s - c t  each other . “he p~~us- ,. ,. act  at’

a s - i d  rs-u s- ’j,~ w i t h  mean s-’ onc ’ent r a t  ions of a h c u u t  10 gram s is-icr s- t o r .  Each
p s - 1 .cae i n t e r f a c e  moves progressively ow, of the  disposa l area a’s a den-
s i t y  flow. Cr-i v ’ity, t h e r e - t a  and the  d e n s i t y  g rad ien t  p r o v i d e  t h e -  domi-
n a n t  d r i v i n g  fo rces . In addi t ion , the slope of the  bo t tom at t h e
Car q u i n e z  S t r a i t  is steep enoug h to mr m i n t a i r. the f l u i d  f l o w .  In t i a l l y,
c’ , ir r e nt s  have very  l i t t l e  e f f e c t  on t r a n s p o r t .  They are  ov e r sh ads -w ed  by
t h e  e f f e c t of the d e n s i t y  g r a d i t - s -’m t  be t we e - - c - the sur rounding  wa te r  and tho
s- s,’ d 3s - s - , s - a i t  mass , and the s lop ing  bo t tom.  The e f f e s _ s - t  of the slope ca u s e s
the  twu divergent wave fronts-j to be al’ered from a predicted cc ’mtm c ’entrlc
ps-’ttern to a skewed pattern down slope and a s c s :s -p r e s ’sed  pa t t e rn  up
sI .mpe. The .:serg in g  w- ’ve f r o n t s  between the  two hoppc’rs coil ide and
ga.’d1 -

~~~~ te ’ s - s Ti cs - cu r secoi idarv wave f ron t  wh ich  moves off pef~pens ~ccila r~ y
t i e  a x i s  of c o l l i s i o n  i l l u s t r a t e d  in Figure ’ 19. The nerpe- nd icu ar

movement is caused by the generation of a new vectc,r following the
inters - c- ’t ion of colliding plume wave front vectors. [he-’ primary sn
sec ondary wave fronts can interact with ei c-1 ’m eu th cr in three ‘-‘av s- .
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F i r s t , a s ingle , u n a m p l i f i e d  pea k
(wave front) which does not reflec t “~~

‘

any enhanc:m:nt from another wave

Second , two peaks i n d i c a t i n g  two 
(

wave f r o n t s  can be observed which  /
are the  two p r i m a r y  waves iron s t h e  / ‘ - ‘ -

two hoppers. They augment each , 

- 

s-
- ‘ - 

- -

other and thus increase th e tots- -s-c l I I ’ -
suspended solid s concentration at ‘ .

5 ~ ‘ ~~ o ,c , I z

an ins t an taneous  place and t ime .  , 
‘ 

~ “~~°~~~~‘ s’s

c ent r a t i o ns  at  any img le point
as app rox ima te ly 17 m i n u te s .  The ~~~. e -  ~.‘ 2 ~~~~c o n c e n t r a t i o n  cu rve  - m l  any sing l e  ~~~~~~~~~~~~ ~~~~~ •‘ i 5 ., .

point generally follows a skewed
( r i gh t )  shaped d i s t r i b u t i o n  d u r i n g
th i s  t ime period , such tha t there ~~~~~~~~~~~~~~~~~ ~~~~~is a rapid i n i t i a l  increa se in ~.- S

solid s, foli.’we-’d by .i much l o n g e r
period of s- lid s din rease. t I GURE 19 INTERACTI ON OF

Ini tiall y, ~i ce-’ V t ’ l c - C j t V  of TWO PLUMES
the ss-mv c front is b ’ s than the
current velocit y . As the wave
f r o n t  progre,-is c ’s-s ou t w a r d , the  ‘su i l  id ’s  s’o ::~ er .t de e - r ep so’s hecs--s-t,’’se s u ~ s - c 5 1  (5~~’

e n t ra i nm en t - I n s - s  d e p o s i t  lois - . At  th e  , I~~c E m i t  tha t t i ’ ’ den  s- t v  ‘f t h e
I low s - s  d e c r o s s - s i n g , i t ’s  v i i - ,  i tv is h O  r e a s l u i c s -.

As t ’ . - p l u m e  move s-s out  from the re les -~us c’ point , I u ’ cI s~ m -~ m i s -  es’.en—
t l a l ly  t o u t j m m ,~d to  t h e  l ower ts - , c u  m e t er s  i - u t  w a t e r  c o l - i m r i  . fi ’s - u - v e - ’  r h 5 ’
bottoi’c’c surge c loud , t i m e  Wat s  r mass is negl i gir slv a f f e c t e d  ansi ‘-uiuspended
s o l i d ’s  c o n c e n t r a t i on s  s - c’n , ain n e a r  ambient l ev e l ’s .  M i u i sr f l s i c t s c n t i , sn s  do
occur  as t in wave f r o n t  pc- s - - s - s m ’ s  c-hove ‘ is - i two m e t e r  s - m ’ig l c t  hu t  su~l id
co n s ’en t , r u t t  in n s  a re  an ord e r o~ m , m u ~c1 i t c m d m ’ t c w c ’ r  . The p ’r i ’ e n t  t r ’ s - c i s-s —
rci ’i s sion measurements  on F i g u r - - 18 i i  l s ’ c t r , s t e - ’  t h i s  p o i n r  T s -~~’ e cc’~ ; —

surtm erm t us- were taken it  d e p t h ’ s  01 c I  t s _ s -  I d  m e t e -~r’ s’, s-l u ’  h was t h r u ’ s - ’  t i ’

f o u r  m e t e r s  s i t  f the  bo t tom . hi ’ i n s t r u m  n t  he hum p us - - ed w i l  I t o t  , s s c u c , a
reading v,is-en the suspended scsi 1.1’s e’ u u n c  en u r s -u t  tori i s  “ c u t  or t~ snru ? O 0 — s - 0 ( )
m i l l  i g ras -  -

~ ps -I I itm ’r  . This instrument re.’ s - rdc ’i s- Zersu ‘ I , c c l -.rc s- S S i s i t S onl y
t w i c e  dur  ing t h e  sos fey p e r i o d . \ u’s- c o g  s- is s - c  - u r o b s  w.’s-t s [‘cS’s i t
more t i-san two meters off the bott ni , sol h c ~ S s s l i t  t r o t  ions  s- o v u m’ - r i ’

p r o acheum t h e  m a g u m i t u d e  of t } m e -~ e e u n u ’en tr a t  b u s  f s u u m n d  III t he  ( 1  O i i c l  ‘ ‘ r c’—
vious measurements during i ’ t i i e - ’ i ’  stud it-s a t  t i c I s - u  d i s p c i ’~~u l  ‘si e h -u s-- , ’ ‘shown
negli g ible turbidit y In the mopper and m i d  wate r  c o l s _ u m u c ,
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I- i s i s - s h y , m s - s  d i — . i i an c e  t r c i m t h e  r e - l e a s t -  p u u i l o t  i f l c c . - i s c ~ s , i t s - i  - r I  j c s - i l
- sn. s _ n t  rat i s u n  g r,icI len t  bec’ornes mc> r c’ n e a r ly  hems c s - ’  c - n c ’ s  ‘ -  , - s i s a l  ys i  ~ u~ I t h e

l u r e s - ~s .t us - sp I log d e pt h s  (0. 25 , 0. 5 and 1. 5 ncele - ’r ‘s ~~ I ‘ s - ut’ ho t  t o r n ) S c - s w

i c , c t  t he-’ so l i d ’s  c c s c u s - s ’ci t r a t  ion at t h e  two l c s - w  st  d e ’p t c s s  wer e - - t y p i c a l  I v
gre.cs - e r  ,mt t he’ 1. ) met er -I c ’pth.

The-’ release of sand y sed i m e n t s  (t hose  w h i c h  do not have-’ s _ o h~ s i v e ’
p r o p e r t i e s )  r e s u l t s  in a r e ’ s - m e t  ion e n L i r e l y  d i f f er e n t  f rom sed i m en t s  ~‘ i th
c o h e s i v e  p rope r t  ies  such as Bay mud . The sand y sed iments  r u ’ s - m e t  , m ’ s
d i s t r e t e  p a r t i c l e s , d epos i t in g in a p red ic tab le  p a t t e r n . S tudies  :on—
d e - m c t e - ud on t he  San Franc i sco  Bar showed a n o r m a l l y — d i s t r i b u t e d  pa t te rn
w i t h  a max imum d e p o s i t i o n  of two inches d i r e c t ly  benea th  t h e  hopper
d redge (A p p e n d i x  A ) .  The d e p o s i t i o n  approached zero at  c-bout  120
m e l t - c ’ s  pe rpend i c u l a r  to t he  c e n t e r l i n e  of the  d r e d g e .  The’ d i sposa l s i t e - ’
on t h e  Sa n F r a n c i s c o  Bar , Is w e l l  s - I S  t h e  p resent l y used si’ c-n  wat e r
d i s p o s a l  s i te s  w i t h i n  S- s i c  “ r s - m m c i s c o  3.- m v , s- i re h i gh energy  are s - u s , c aus ing
t h e  re leased  sed m e a t ’ -, to 1 ’  quickl y assimilated into the natura l s s- ’~
me -s-nt reg ime.

D u r i n g  the d i s p osal s _ s I  dred ged sed imersts , t h r e e  p a t t e r n s  have been
o b s e r v e d  i n the  f i e l d  d u r i n g  t h e  s tud y — mourcding of Bay mud , dispersion
s i t  Bay ncud and unound ico g of I’ :nc ’ ,sand . I a h o r s -u t o r y  s t u d i e s  ‘~s’r e  e u s n d e c c t c - d
t i c  d t e r m i n e  t h e  coot m l  I i ng  f , c c t o r s  (A pn e nd ix M )  . - igu r e-~ 20 and 21
sho w t ,eu s im u l a t e d  r e le a s e s  in c~ 1 . 2  me te r  d~ ‘n nc - s - s - h .  the  s- ’ onr 5 - u h l i n g
par - m r s - s - ct c-rs wer e tound  to be the ’ t y p e  if  sea n t  and ~i e -  d e g r e e  s - s - f
dis tuirbance to the sed iment in tern,s of i ner e~u i , - d wa t er  s ’s s- ntrn: - I n

d i s t us - b a n c e  i s - u  us -c) in t e rms  s - ’  i t t.~’ uddc ’d , r,s-~ x i ’.g c i  sod is- s e nt ,s - u writ ’r
icid . s - . ; s t h  a c l : u c u ’ - u h c-’l l  o pc ’r i t  l i s t s- , s i Z e -’ 5 t h e  h i .~~e- - . l’he I i p u m r .- ’~ c’i is - c ’,,

r e s u l t s - ,  I s - s i n g  s i l ~t w i t h  .1 s- us - , s-~a r es c o r c t c ’ c m t  ( F i gu r e 2 1 ’ . . : u d  i s ” -  s - - s - i t h  - m
h i g h ‘~~s - u c r c - - u s - t o m )’ (I- i g’mre 21) . i’’ h s c h  r ,5ses , vt- c l it t  ‘ d i ’  .-r~’ - - s - ,  P

n’. u rs I L~~s c  u p s - c r water  c o l u m n . s-c dust , e-honce Ic t i’w ~s -’ c s- s-I t ‘ I
u s -  s- s i , u s - c i f i c  s - i t t ’.- l oss  ‘. s - i t h  t~ c i- ,c wes- u ‘ -- - s t , r  ci’c is - -nt’ , ~~

1 t ’~~it n’i
b~ t :. re l ’ s - ; ,- - ’s - s - i c , -,,’ i s - u c ’ tc ,rs- . p 1 u u ’ ~~. 

, : u i s _’ I ’s-w .s-, , t r  i’’ss-c - u - S  - ‘e l  ‘- s - s ’ ’ t  Is
e ’s ’sc ’n L i c - i  I t  u s - i t . . u on t ime b ot t s-m (cLump or n-, - t tom l e f t  ~~~ h s - ‘‘i

‘s i t ’.’ p l s - i n c )  s-’ s — - u ’ s  sp . s rcd to the - ’ h i gh  water  c o n t e nt  sr ’d in’- ‘ i t  w h i .  h d i  ‘s-
p cr se s  over the  bo t tom ( I c i g m s -  d e n s i t y  p L u m e ) .  Se v era l t i c i c i i ’~ w s- t i m
no r  is-sc, i nc Lude the  p o t e n t i a l  of r e l e a sed sed i m e i m t s  to e n t r a i n  ‘ ‘ i i  r

Icr ing d e u s ent  , t i m e  lower h o r i z o n t a l  (or spread ) veloc it v ‘f in oh
- 1 u ’r s i ty  p lum e and the  g rea te r  indes - ’ucn l ens -c if  t he hi g heT ‘ms’s_ t v  ;~

la .

f r o m  cc’ h s . u n d m ’  v s_ ’ond it ions cu t u p c s - i n k .  T u e  hvdr od ynani I p isenom c’ i’ n
l u ’ s  d r i - c ’ s - s -  prin t s - p . l l y by i n e r t i a  e f f i : ’ s - c s  w i t h  t i m e  r eac t  j u n  t~~ t he-’ i n —

u~m t i ’ s  ( . “pc -  of ~~l s - u i d  fo r me d ) det e r ium i u c e - :’d by t i c e cohe s ive  pr ‘port  i t ’ s  o f
t u e  s- ed ‘u - c i t .  ,‘s 5 , ‘ i- u e~ ;1ve sed iment  w u t h s -  I i t s - t i e  dj s t u s -’ ’ ys-m n i ’ e s - s - ’ t  ~~- d s _ c c t  i - n
- c s - s - c l  m ix L o g  w i  s - h s -  s- ‘i l l  descend t h r o c s - g h  the w a t e r  aicci moron ‘n t he
t c , s L t , -rc i t h  l i tl i s , if ad ’.- , d i s r u r h q n s  e to t h e  wa t e r  cc s lum e . I f  t h e
co he- s ive p ro pe - ’r t  ic-s are  less h~~:ause of added water  or hi ghe r  ‘s ilt
c - s O t - n t  , t i m e  ‘ s s -  i m r r y  s-i i i  e n t r a i n  water  d u r  m c ,  the  de ’se c’n s , form a h m u e
surge  ~- i o u d  on t ime bo t tom , and d i s p e s - - s ..’ os-’ e- ’r a l a r g e ’  area . As t h e -’
s I h - s - i l  move ’s t h r s u u g h t h e  w. ’ter colcmmn , water en trainmen t c ’ e i s : ’ s ,

i n c r e a 5 i n g  t i n ’  w a t e r  c’ont  e-’n t  s-intl r e su l t  in s-~ i n  .u p r o  t e r d i s s p s - , s - , i c i n  u t

t h e  ‘s U i s - s - s - c’ s - i t s .  C .corrc’rst s--s- m d  w i n d — w a v e  cond i t  ii ~ns- -. at t i n ’  d j sp os - -s -, m l  sj t c ’
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FIGURE 20 LABOR ATORY RELEASE - SILT WITH
LOW WATER CONTE NT
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FIGURE 21 LABORATORY RELE ASE - CLAY WITH

HIGH W ATER CONTENT
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do n e -u t , in i t i a l l y  a t  le a s t , influenc e- ’ the -  m sav e-’me’n t  usl t h ~ d e n s i t y  f l o w
as long as its momentum is greater than I h i t  c f  t ime - ’ •ui r r .  i c c u d ing  wa te r .
The c u r r e n t s  and bet torn slope will i nf h i s  ‘ceo ‘ lie sk ews - se ’ss  of the  base
c l o u d . U l t i m a t e l y ,  as t h e  de- ’nsit. v s i t  t h e - ’  e l e - s - c m d  d e e r e - -ase-’s , t he  c u r r e n t s
will c’ontrol the long—term dispersion and transport u i  t h e -  su - d i m e n t .

To pred ict or e v a l u a t e  the p h y s i c a l  c o n d i t i o n s  gene ra ted  at the
disposa l site during a release , information on the euigineering prop-
e r t i e s  of the  sediment  and t y p e  e-~ f d r e d g i n g  o p e r a t i o n  is r e q u i r e d . The
p r i m a r y  engineer ing p r o p e r t i e s  are the  g r a i n  size d i s t r i b u t i o n  and the
l iquid l i m i t .  W i t h  cohes ive  sed i m e n t s , the release p a t t e r n  (degree of
i n i t i a l d i spers ion  or moundim g)  can he-’ c o r r e l a t e d  with t he  l iqu id l i m i t
and the  moi s tu re  c o n t e n t  of the sed iment. The degree of in~ tia1 di ’s—
persion or mounding depend s on whether the sed iments act as a solid , a
liqu id or a transitional slurry. Cohesive sediments r e q u i r e  a dis-
tu rbance  in terms of water  added ; whereas , sands , r ega rd l e s s  of water

- ‘ con ten t , act  as a so l id p hase. This t i m e o r i z a t i o n  is depic t ed in F i g u r e
22. The water content to define the transit ion zone with cohesive
sed iments are about two arid four  times the l i q u i d  l im i t  of the  sed iments
f o r  the lower and upper ranges , respectively.
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CLA~ SILT SAND

FIGURE 22 SEDIMENT RELEASE
PATTERN
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FATE OF RELEAS ED SEDIMENT

An c’ ’ st u uu r y such s -ms s- ’Lmus F r a n c i s c o  Bay is b o t h  s - c - ; i n k  c-r id m h o l d i n g
a re -’.c or I luv L’s 1 sod indent in t rai ls!  t to t, Ice s_ se eon I rem ‘se l l  e r o s i e - s u in
t i d e - ’ B s -m v ’s extensive drainage system . Sed iment entering t h u B u y  s v-Ie -’m
is c’ s_ thor t eu m p o r s - c r i l y  or perman es-’m tl y held in residence , depending n the
d - - c i . s - s u u i c  c o n di t  ~ u u s - i S  iii t h e  u _ s - s -I s - s - s - c r y .  fs- m u r f  i c Is - i l b o t t o m  s e d i m ent s  qu i c  kA ~
re --spend  t o  c h a m m g e s  in the  u s - s t  r i b u t  u c m g  f o r c e s  f r o m  s - - i  n d — ~ - s - i ’,’ e-’ c-u t ic ul s-cud
currents. The n a t c m r e  and energy of t i u t ,~ f o r c e s  r e s p o n s i b l e  f o r  dc ’ . s I s _ up-
I n e n t  of .i profile of e q u i l i b r i u m  I los tuat e from moment to s- d c ~fl~e -’ I d
h(c ~ Wu ’ve- ’ d , t h e r e  ar c  seasonal ps -I t  terms s,s - , s - uui f es - -.t ed by t hose -’ Ioc’cs- c’s I t ’ , t i .  ,

r iv e -’r i n f l o w , wind  c’ I i s - l r c - c c t e r i s c  ics , wave e lj ma  ‘ , t i d s - c i  a c t  i s _ c u - - c -nd
si h is -m ont availal lity) tha t will result i n  ‘se a sona l trnnds ‘sf d e - p u s i t  ion
s-mnd i ris _ s - s -I .in .

I s - i t l o win g  s - u s - d i m e - s - n t  is s - c o t ,  f o r  the- most p a r t  , carT h e-ui dire - .- t l to
t ice - ’ i c c  e - s - c n .  s-\ l s - i r p s - c -  p e r c e n t a g e  of  ( i s - c )  m l  I - s w s - n g  s e d i m e n t  r em u s- i s - s  is - -

“ e -’ - s I d s - s - ’ s - c ’  in  I l l s  Bay F s - r  ,i n e - mmb er i i  “ c ’ s - ir s , he-- i s - i c, d ep i - u ’ s i t c s - - d , t i u c  s - i 5’ s ’—

s u u - s - p s - - u i d d , ru_ -c ir t ’s -miat ed , and r t . d c ’ l m u s s - s - m’ t s  I c l ’-s-e ’wius’ru ,’, w i t i t s m ’  i1~~t s - I  I O u  t
o f b e i n g  t r i c i s - s j u u s r t ed  t ew a r - l  t he-’ u ’s - s- c s - t b ru m t h e - - e I u s - i r s - -  and ‘ s m u t  01 t h e - -  Bc-v
sv ’st ’ s - s - , s - n r c ’ L i u t ,  s i ( c’Sjf l  s - s s - s - s - s _-s pecs-i - U l~~s- s-’i end s-. - c I i c s - s - s - d  . M c ’  s- s - s - c ’s s e - s - d i m  s - i t
c u l t e r s E l i  u S e -  ‘s,’s’t s - s - s -  d u r i n g  ‘ u t ’  m s _ c - I s - u s  o ‘s— u s - - s s s - s - s - u u r~- ruls - s - ,c t i  ~w ins - -r~~.
c,ls - cs - s - i  t h e  s e d i m e nt l s - m , s - e i s -  r u  ‘ u m e c ”  [ s - d j S K s _ S ~‘ i t f s -  s- s - s e  .a 5 t , J s - t e r . , .~~‘ u s - S s ’ s - t  i c -
and s i - I t  I l l ’s - u ; o c c u r .  ‘I’ i ue -’ b r , - , ’d c ’x p a n ’su  -u u _ f  E s- ut - l , i l l u W  bc- ’’ — , ,u  t i d l
“ us -  i c c ,- i t  i i ’ s -  s -j r  I es , - s- 5 ’  t s - u ’  reps. - .5 i ‘ “ V  O s -  . - - - s- s- j s-c, u . 1  0 u I ‘

n s - c ’ s - s - t s - s - . i s - s - r u a’ t ls - e-s - s c - - ’ .s-t’ u . s r u t l . s - ’  ‘ s - s - i -, r - . ’-s- - e - ’ s - .’-, i c ’ , u  of ‘sc~~u s - u ‘I  ‘-. s - u s -  s-s-

d’s- I i  i s - u i .  - . s - u 1 1 . - n s- i - 5 -  s_ - i r s - u i  s - u t I ‘ u r u t  s- . ’ cs- r i ‘s- s- i’ I c  - t i c e - ’  .—; p i ’ I s - s c -  511 - 1  s - u i  Iri s-’. 5’

s - u cos - s - s -_ i c -s - , Is - s i i ’ ;  s_ n i- , j s - - 5 t - ha c c / s - i ’s C P 1 i u - s -  ‘ ;  ‘ ‘s - c e -’~~s 5 ~
- t h . ’ —U l t - ’ ’  s - r u - s - i s ,

s - s -s s - c s p u ’ s -  ‘ i j s - - 4  ‘sc s -1s - s -p s - s L ’-, c - c u  c-r m i s - u s - c - s i m s- t i i -  ,s-~ ‘sr , , , -, ,_i i c u , s - . -,, s- s - s -  I, - — s- s-i-

- s - c t  e- m n O g . s - u - : r s - i t e J  u - - c r s - ’ e- ’ s - , S u’s- 0 i r c ’u 1 c i ~~e-’ i s  t t r - u d u s - 1s - , uc d t I . e -  s- . . .  i b m

ss-s-u ’es- e- ’ : t U .  if 5’s- ic  c - — u t - -s s- m s - u -  r e p e a t  s_ -U l i  hc’p s- iu— s - i  e- ’d ,nu i ’s - sm s- p e - is - U i s - ’  ‘

s u r  . I - s - - u ’  c s - m . u s - s t 1 t I c - , -,- s-s s-s- e- is-inn I i  v d e - ’ r o .  it s -  ei I s -  t i -c ’ s - - . r s-v - c I ’ s - - i  ,.-

es-f fe - s - c t iv e-’ - s - I e p t h  s _ - i ‘-s-eve tnt luu .nu u- . In -s -p s - l ug  c-nd SOT-s-ncr t u s  m e - ’ i n or
s- ‘ c e - u s - s u s- u t  ‘s’:cl j u s - u s - d s -  f u  c s - r n  t i ’ s - in ‘cc r s _  , s- - s j t c d ’ \ , ‘ s u e - ’,cs , t - s -~ ‘s ; s - ” :

s-— s - I s - - I  l s ’~’,s i c - i r k  t - ’ s-I ‘ s - ” n f i  0 O s -  - ‘ j u l  i~ ’r i um mii .~ o r -  “.15,’ - ’ s - m s t u  i s )  E S  s - I , - ‘1 51cr

r s - f  l s ’  ‘ct  s-s-c l s - c s -  re u s - s - - s - pend i n g tI ’ ‘c-c - m ul l . - ‘ s - i ’  c- t h e  s-c-d c ’s- ‘s- ’ t s - c ’ . . .  s - u s ’ s -

d ‘ ‘ ‘ s e -  r c - - s t  ~r , t m ’ ss - u s - il j y  u s -  s - - i t s - m r s - u i  c h s - r n s - r ’l s-s - ic r ‘ i s - i cc, ~l’e-’ mar gin s c - I  I s - u i  ‘-os-s-
c ant’! , _ t - J , u  I, r s - I r r c - u , L s  I’s - s .‘ s-mcu I s - e -  r~~~i s - , i s - i s -  ‘e- I s -  s-n’ s-~~5sr t t r i g  s - s - se - i fma’’js’s- ,

I l i e - ’  t h u  s--. l u . s - l l o w  l I e s - I S  s-n - s _ i u 1 h i i -u ”i ’mm ,.s- i t h  tn e - U, 1u t h  ~1 c i t ’ s - c  t i ’ , , - -  ‘. s - u

,ii i d s  ud , t l u . ’ s_ ic t i  s - u i  t he  n a t u r a l  c b s - s - s - i d ’s s - s is - c ‘ j u s - i , j  5 5  i s u c s -  m,,s- i t h ( l ie-

f i ~~w s _ s i - c s - c -  ~~ c - m s- r oss - i V e l o c i t y  l r i  tics’ r c .onn e- I - , ‘fls -c ’i m e - - s u ’sp o c  eul ‘s-od i —
s - s - ,  i , s - t ’  - s - I s - s - s - h  i t t  - -

~~t,’ t i , c n p. i r l  e- ’ c i  ji l t s ’  h u t -  n a t s - u r i l  s - s  s u . ’ - s - ’ l s , t i c ’
I , c ’ s - l t  s - i -  a u_ ucd c ’ s c e y  - a be-’ c ’ s- s- ’-s ,dec t . U s -- l os - c,; t he-’ s -s -,i’ s - ’ e - in  he-’

d i r ’ s _ I  s- s-i t d i e - I  ‘ l u ’.’ . He- ’cl i s - s - s - ’’s -it .’s s- — i .  Ix’ t m . - s - ’ s ç s s - t - ‘ s - I  h ’. ¶ ‘ c s - . ’ h  - s - s - s - u s - i t’s-

s - u ,~ s k : d s t . i  ‘ i , u l 1 s - i ’.~ c d - u s , u - u p e - ’ i s - m i l v  r i d e - u  s- S h e - ’ c-dir’s - u s - u ’ i s- a u-, ‘ s u n I s - ’  s ’ s--
p c t . - ’ t ! ‘ r u s - s - u ’ l i  c - c s - s - - s -i r i m  c s ’s_ i St  l i l t  c s - s t e - s  ,, ,ru i.id I c c - .’ , — 05d m u - - s - r i
Sol d i’ c- I i i , ’ t—s- s -i—s-i I I c i t e - i ( . . s - d d t  s - s  I B.’i’,’ , - r i  s - s - i i i i.’ , ’,t  ‘ s ‘k i s -  N ’ I s - . c r~ - c-s- H ‘- l u  e- ’~
m u . .:i r c g  s--s - c - 5  1 c u r S i i s - s - , 5 -’ e - ’ r  i t  , c , t t s ’o I. s-, m t c , , s - c  i . - V eme ’cst Ut’’-s- t c ’c’- - -s- 11 u s d

t s - s c -  s- s - s u i t  , u s - s - u .mnu J m ix ’ -d 11.5 . 1 d’ s u. i t ,  I’ I Os-~’ ,-s -rmccs- I ‘u - 
il l s _ u  i - s i s - s ’ .
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-i(c cru c’ su_’ci i nse- ’s-l t is u u - r s - s - m a m s c ’ c i t l ’,- rot s-s i s - c d in t I s - c h ’s- ’,’ c., u I  -s - s-u . [Us - is

s-- u - si t un es - cit is d e p o s i te d  m d  s - s - u  s _ - s s - n c u c l , i t s -s - t  i n  los - ,  o Il e rs - ’-. u ’ s.- s wher e ’  w i n d —
wave s - i t t  ion - us - cd w s - st e r f  l o w  v o l ’, ccc ie -s s s- s- mid ‘,- ,‘ I s - ’ , - s - i c - s  mr s.- clot s- -r u -at c’ s- sstu~~i , te--

t r . i s - s ’ - s - pc ’r t  sc_i d ics - m es - sI, s. These a r e s - I s  may I’,: e s _ cc m d citin g the mnarg ins u s - f  t h e
11.- m v  ‘sue -- u as i n t e - ’ r t s -  i s i s - c l  I 1.uts , mar si ce-’—s and is-u i - I s , s-c s w e l l  as s - s - r e i d ’  U

m an s -uc a dc s -  s t r u c t u r e s  and d r i ’d ged c h a n ne l s .  M u r s h e - - s  r r ap  ‘se- ui itn ul- Fu t S 5 iV

ci .  c r c ’s - sing flow vt ’l o c i t i c ’s s - i s - s - C  wind—wav e s - is _ i Cc ci t s - -  the cxi  ent tha t - s

p o r t i o n of t i m e  sed iments  may us-a I ,s sd
~~c’r be flushed out . Inle t s- s and

s i o u g h s prov ide sl i d  i c - red  c - s -~ u ’ s - i ’- s - with very low s’tmrr ecut v u ls _ ic it ic-s.

D red ged n a v i g a t i o n  c h a n n e l ’ s  s - r~ ’ o u t  u s - f  equilibrium s i t u  the ‘system
iii tha t the  channels s-ire s- s - i a i nt s - ctned Is ’ a depth greater t lss-in thu s - u , m t u i r , c l
d e -’p t h . Ma in t e s - i a n c s_ s -  of drc ’d ged c ’ hn n n e l s  l ’s r i - q s - s -  i rc ’d  ‘s i r i c’ s ’ t i e -  s_ ’ lm an n i s - ’ l s ,
s - i t h  f e w  u ’s -- s - s - op t  s - os - i s, v i i  I t e n d  t i  r o s s - s - s  in  the  e q s - i l l  i h r  fe-in c d -p t i c of t h e -  ir
s u rr o u mi d  I r ig s .  F l o w  c_ ie - - I os -, i t  ic ’s in  r h ’s- c’ d red ged c ’ ! i s - c n n e - ’ l  s s - i r e  ci s - - g a  I I v riot
gr d ’a t es-sough t o  n i s - s -  I s - s - t a  in r e q u i r e d  dc’~s- t hu- s - . I” -r  t h i s  r e s -cso l i  - —s- e- ’dim es-it
t h a t  i c c u n m u l  a t e ’s  j i m  ma i s - i t s - u  [Used c ha n n e l s  s-i 11 rod s - u in  i l ’ s_ - r e -’ un  i i
c h a n n e l s  c - r e -s- d r e -’J ge- ’ . I .

Shoaled s e d i m e n t  may he der i v e d  d i r e ’  d y  f r o m  --ss. ’s -h imen t  i n f i s ’w  t o
the  Bay or it  may he d e r i v e d  f r o m  s s-me p a r t  c- s-f the re suspen siuo dc—re u” i r—
c u i a t i on — r e d e p o s i t  ion u s - y c i c’ . I’is- s - u , c - l  i s - s - c ,  r s - u r e s  i r i  r h . ’ J r e s -5

~ -, c’d e t c - c - c l s-s - o r .’
not c o n st ant  hut v a r y  t r u s s - - ye-- s-- i d ’  t o  year , s - l o ; . -n- .I ing  on t s - s - s ’ vs-s-r i s - u b l  s.

sedimen t inflow volume , w i’s-d—wav e’ act I c  ; c s s - s i  cs -irr s--s - i t ‘,‘c’loe i t l o s . l)u r i r s jz
a ‘season of e - s-x c ep t i o n a  l iv  hi gh s- - s c U m s_ - s - u t  is - ‘ - ‘ s ,  is-s-t ’s t l u e Be-i ’, - f o r

s- i s - s - p i e- ’ , d r . ’e - i ged s-’ i ’ . i , i rs - s _ s -l ,:, W I  s - i ti er- s li v Cxc i i ’ s -  - - d l , 0 i~ip h e r  ,C’ s- ’ s - c s - c s - ut -  -

r ,s -  I ’ s - s  t I , , ~ s - i  u s - , ,  s -s I , hot h in - ,‘ us - s -; er s - m u d ~ I I s - s - ; - u s ’ s - s - s - c- r s- ,  us- c- -is - S ‘s- - - u , “5 , - “s- s-

process occs -m :’s in t h e  sis - .m low r m r o s - s c - I s - o r e  t h e -  d e p t i u s - -  u I a ‘ us-ic- Ic - c t [cs-in
wi l l  be grea t er , t h u s  reduc ing c-s-I c r  dep . is- is- . i c s -  the s-ps - ’ 

~~~ 
- s-s-s-cr’,rn m,-r

season s--s- b oi l ing in the  ‘u r s  ici - -d U s - i r s  s - I ’ s  i s  d i e  i - c  rc’d i s-t r ii , ci t i u irs - - if
sed is-sc~’nt  s-,s- ’ u n m c i i i t e ’u  is-i t h e - -  c -h al  I s - ..- -src’rI~ s-lur ing s-i’ s-i r’s e- r .

D lu ’p”s ss-~ 1 of drc’ d gu s - c s- s e d i u s - s - ’n t  in L h e -- s -hey  h i’ icc,” la c k n t s c ,r c u - -
is-i t s - c u d )  ms-i ts - er  i .s -  I t h  c i  we-,,ild otI’s-. ’ u ’.- . - l sic-’ t o-  c i s - u  o m i t  - s - i  c i r -c u i s - r  I s_ i n (r et  i s - s - c d
in the  c h .s-rene I ) . s- pen s - i t  ‘sp s,s- , l, , s- h e- ’ d r  .i;~e- -d sed imsient v i i  I r oe - n t  - ‘r t be -’
de p o s t t i u ’ sr m — r e -’s s- ’s l c e c i s - i o s - s - - -r’~- d . c p o s i t ’  Ls s-l .‘ v c [U - , ‘ -  - s _ n t i m a l l y  s-s- - h u g  p e - s - l s - - c s - e - i i t l y
p l c - s -- c d  u s - u  l u ’s- -nc’rgy s- n r c’ s - s cs-Yr t arri e s - i Is- s_i L ’de s - i e - -: ’ , s s - i . ~ s -n e e  c s - c s _ - i c e d

s_.- . s - s - i i s - u i o l s -s - s -”. out  of  ‘- ‘pci . t h r i s - m m , us - - s -ne -’ of tb’ s- d isji c s - uc us - dred Uc’d s-c,’’s- i s - s -c s - ut
w i l l  h j i ’ s - l y  r e en t e r  I s - s i - u s- sun - or I s - i c r U c - d ged ch , c r - ’ i e l n i .

S i t - ,’’s f o r  d i s c ’ s-s-i ] - ‘ I  s-t s.’du ;e -’ i se- s-d i m - -s - i t i n  cs-i c-c F~ .rc -~~j . s - , s - s -  bs-” y u r ,
in s- c,i -.u r - c s_ ’hs -- ii ’ u s - s u- ’,,’s s s - r  c - i s _ s - i c ,  I -cs - - is - ts-mu’u’~i s- l s-. :m ‘ c_ -I, s-i - s - c s - s - s - s - Is- ; icr • I

d r  -U s- - - - -i t ’d I s - s - s - c i s -s irs - m v  of t h e  ‘ I s -  j- ~~s--sc - 1 -s- s- d e s - ,  I s - i ’  5 I s_s- s 0 d o t e - s _ l e d  u - s - i s - i c c ’
dI,’sp o’-s .ui s j s - e -’ri s -- ’t in s - u- . ut , the s i t e- s  w. -r e -’ tru E i a t e d . Di s - s - - us u ’s- .~ l i s- ’ d r  lu s - cd
s s - ’,i its -s- u_ c -t  I r i  t i l e  SC l i m p s - u  u i s - ’ r e n t  v o l e ,  i t  v s - s - c s - s - s -s s-s - r i  t I c - ’ i s - r u - - s-ent I’r ,c . ’ tj c c s - ,
of us ii-cp t I m e - ’  s_ s- l o s - s --s - s t d I s - s - p s c s - - s  1 ‘sIte -s ’s-s- r i ’ s  u s - ,  u ’ s - -vu t r u s - s -  L i ’ s ’ ui; ’e - - d s - s - ’iflg

s i t e  has t he -- e-~ i f  s - u t  ot eli rn ina t n~; ‘s-l u - ’ s - I d  i s - s - er -  tO’pS s~’ t i s - -. rE’Stc s--.j u i Sls - s -i l—

s - u ’ . ’ i r i s - u i  t a t  is ’ s - s - — r e d s - -pc - s it ic s - .d s-’ y c l e  s .c -nd l C e e l m - r  i t  is - s b tic.: r r , s -~~ 55 ( i t  i r i s ’ s —

s- ° r t  i s - c c ,  u s - c e-i ime -’nt s hI’~~i s - c ; ls -  r h o  - - s - t o n y Ii ’ t he ’ ‘ ‘ u - s - s - i ,
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The m s - m j c s r  t r a n s p o r t  is - i g mechan i sm of t he’ d r e -’d ge’ s- ‘sod is-s-cents in t he
n , c t u r a l  c h a n n e l s  is by t i d a l  c u r r e n t s  and u s - s - - c u r s  a t  d e p t h s  g r e a t e r  tha n
the depth of c’fl ’cctlve wave action . Just as the  w a t e r  has a tendency to
rem ,c ic-c in t he  n , m t u s -’al channels , as evidenced by t h e  h i g h current veloc—
[ t i e - - c- , d r ed ged sed iments also have a tendency to rema in w i t h i n  t he
cent  inc ’s of the  n a t u r a l  channe l s  fo r  a t  least a short  period of t ime .

The n a t u r a l  channel  ne twork  in the  Bay lead ing to the  ocean is not
co n t i n uo u s , causing the dredged sed iments , like the natural sed iments ,
to leave the boundaries of the natural channe ls  and move -- onto  the sha l-
lows as par t  of the resuspension—re-c i r cu l a t i on—redepos i tion  c y c l e .  The
dredged sed iments  moving onto  the  shallows a re  dispersed and do not
i n h i b i t  the system ’s ability to re-suspend and recirculate the material.
Iru co n t r a s t , if “low wave e n e r g y — l o w  c u r r e n t  energy ” dispos al s ir es  were
used f o r  depos i t i on  of dred ged sed imen t s  in the  Bay, the  a b i l i ty  of the
system to a ss imi la te  th e -  dredged ‘sed iment’s  or the  a b i l i t y  of the dred ged
‘sed imen t s  to r een te r  the  r e susp en s ion—rec i r c u i s - s - t i on  cycle  could be si g—
n i f lu -ant ly redu-ed . For example , disposing in n o r t h  San F i sh lo  s-la y

sha l lows  d u r i n g  the  w i n t e r , when w i n d — w a v e  resuspens ion  is at  a min im i sm ,
could , c o n c e i v a b l y ,  cause a large enoug h accumula t ion  of dredged sed i-
cs-cents t ha t  wind—wave resuspension in the - subsequent spring—summer season
would  be insuffic ient to remove all the m a t e r i a l .  The result of such an
action would decrease the water depths -in the surrounding area , tcirther
dec reas ing  the  wave ac t ion  and the ability do re-suspend and circulate
t he  sed imen t .  This  would d i s r u p t  the  o x I st f ~ - e q u i l i b r ium , r e s ’c l t i n g  in
a s- l e t  accumula t ion  of sediments  in th e  - ‘h a l lu ,u w . --

Bs -u ss e--’d on t ag g i n g  s tud ies (A p p o s u P i x  L) ti -ce d i spe rs ion  of dr e d c ; e U
s e d i m e n t s  a f t e r  d i sposa l  a t  the  Carqu is - iez  d isposal  ‘s-ite w~ s f o a m s - ’ to b e
vs _ -rv r -s-s-~ Id . Dur ing  tile dred g ing n p ” e -  ,i~ t s - c- . Ii es-,s- u :s --s_ ’’e-r , dred ged s s-’I u s c - n t S

s-i ke s _ s -r  l arge  p e r c e t u t  of the t o tal  -d is-nerd in and - m m - - us-id lie d i ’~j -s _ ’sai
sit e .  I s- s - I ’Is -rc h 1974 , while d s -e d p i n ~ of Ma r e - I s-s -iand S t r u t  wa -s - s - t i l l
ce nt  inu is - s - g , la ’ ge q u a n t i t i e s  of d redged  c -s -e - -d in s -en t~ were fo cs -s - s-u in the ’
sa mis- l ed  8tJ sqs-Jar k i i o ~iete r  area s-s-round tb-_ i disp Sa l  ,,~ice - , inc I s _ - d i n g
dred ged sed iments  t ha t  had r e — e n t e r e d  d s - ’e dre d ged c h a n s - i c i .  A f t e r  the
comp le t io n  of dred g ing o p e r a t i o n s  a n  Mare  Island S t r a i t  dred ged sed ime s - i r s

‘s- were foun d  d i spersed  in A p r i l  1974 over a 260 squs-lru ’ k i lometer  are-a
-
~~ - i n c l u d i n g  San Pablo Bay, Carqu inez  S t r a i t  and SLisun Bay. Loca l ized

s-i r is -as we ’ e found in San Pablo Bay t h a t  li - s-U hi g her percentages  s_ _ i t Is - edged
sed in .e r mt ’s .  By Augc :s t  1974 .  f i v e  m o is -t h ’s  s-cf t e r  dred g ing h ,iJ been s_ u s - —
pI es -ted , very little evideicce of dre-s-ciged s e d i m o s - i t s  was present in t h e
first 23 cen t imeters of sed iment over the 260 s-quare kilcirn e- ’ter stud ,’
‘s - r e - s - i.

in Sep t ecs - ch er—O c.t ob er  1974 . 1ar ;~e qua n t i t i e s  of dred ged sed im en t s
were found i r s -  the -’  upper 23 s_’en t imeters of s - se - c l ime-nt . The increase was
dc i e  to t he  re -dred g i n g  of sed i m e n t s  in Mar s -_ i I s l and  S t r a i t  and the  w i n d —

‘ wa ve re - -C I r c u l at  ion  s it  sed I s- is - c’s - i t s  Os -) t h e  sha l 1u ~ e-s-’s of San P a b l o  B.c- v . A
l a s _ s - s - c ’  p - i r t  io n of t ls-o dred ge- s - h sed iments  in Oct ob e r  was l o ca t e d  in t im e
n,s-t s- i r s -m l d ianne 1 lead i n p ,  to  S u n  F a b l e - ’ SI c- ra  i t  and Cent r a l  Bay .  - D c ’s _ -ember
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1974 , most of the  d red ged sediments were agd m, n abs es -c i t rom t h ~ -c  ‘. i ’~
a rea . The- volume of dred ged sed iments  dred ged in F - u ’ , mars-—Mar 197 .
was 1 .2  s-nih ion cubic  meters .  Tabl e 11 g ives t i c s  ci  i c - i  r Ibut  i c ’ m u  - m f  t h e
sed iment  over the 260 square k i lometer  area in  t e r n  ‘ c  i n c  p t ’ r c  l i m o  ‘ ‘I
t ime upper 23 centimeters of sed iment which e - u i  i g c u i a t e d  1 m m  tn~ d isposa l
ope ra t ion .  The d i s t r i b u t i o n  is the  percent of s tudy area w i ts - h d r inge
of dred ged sediment concen t ra t ion .

TABLE 11
PERCENT OF STUDY AREA WITH

VARIOUS PERCENTAGES OF DRED GED SEDIM ENTS

0— 0. 5% 0 .5—2% 2— 4 % 4-8% 8-4O~

Apr i l  1974 18 29 19 9
August  l9~ 4 86 14 0 (J 0
October 1974 51 19 8 10 12
December 1974 71 20 6 3 0

Genera l ly , the dr ed ged sediments  were we ll  d i s t r i b u t e d  ot- t ween the
t h r ee samp le I - my e rs making up the  2 3  c e - . ’’ m e t e - m s .  En m..s-m y - i re - as t h e
ver t i ca l  d i s t r i b u t i o n  was g rea ter  than  23 c e n t  is-n e s - e r s , s - n o w m n ~ sit “er
greater  ver t ical  mixing or a deposit ion of other  -u e ’ d ixci ents ,

Anal ysis of samples obtained from Mare Island ~~r a m t  mn -~ - s-~ r iepp e r
du r ing d r ed ging and previous s tudies  of the area ind icater  hac ‘ ‘ic -ut 10
percent  of the dredged sed iments  r s - , u r n c,d to tht I re -aged e- tm dnf l~

CHEMICAL REACTIONS

During sediment /water  i n t e rac t ion  cer ta in  c h e m i e - a l  rca s- tons u - s - f l
occu r in the water column as a r e s u l t  of the  i n t r i n s i c  c he mic . i i -, - c t m c r e -
of the  d i s t u r b e d  sed iment  and th e  e xi s t ing e n v ir o n m e n t .  P r n h a h c c  t h e
most comnus ’~’ chemical reaction occurring diring sed imen t resuspersion is
the  co nsumpt ion  -f  dissolved oxygen by reduced subs tances  in th .  an c x i c
sed iment ma t r i x .  Other  p o t e n t i s - c h l y impor t a n t  r e a c t i e - u s - us inc lud t  ‘H
changes , desorpt io n of chem ius - -al t o x i c a n t s  and/ or  b i o s t i m u lan t s  I ron,
or ganic s-~r’cd inorganic  const ituent s .
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Studies were conducted to e s - s - s - i  ‘i t ’ s- ’ c he-’nu i c-al r e - - s - u ,  t i o n s - e -  s,O c e - i r r i n g
during dred ging and disposal act Iv it Fec - i s -~s Sc-n F r a n ’ - i cc  o u s - m y  and in—

— corporated both lc - c h e - u m m t s cry and field examin , -s - .s (u\ppend ’ioes C, F , H
and I). Primary attention was g iven to t he  ch a r a c t c ,r ~ z a t i s a i  of t h e
dissolved oxyge n c o e t c e m s -t r a t i o n  u t  the  receiv ing wa te r s  as m o d i f i e d  by
operations. Other stacs-dard parameters monitored were salinity/con-
duct ivity, temperatur e and pH. Ps - i c ing selected studies measurements
were  made of the trace element , clml or i: s - c - sed hydrocarbon amid nitroger~
releases associated with resuspens-;iorm of Bay sed iments.

Water q u a l i t y  m o n i t o r i n g  showed t h a t  opera t ions  in Sar c Fra nc isco
Bay do not cause a s t a t i s t i c a l ly sig n i f i c a n t  e f f e c t  on w a t e r  ,uu 1~ n
i t y / c o n d u c tiv i t y , tempe r a t u r e  or pH .  IF s-c’ \ ‘er , b u i t h  the dred g is-cg and the —

disposal operation influence the d iss - s - ’ sl- _ io d oxygen c o n c r ’ s - c c r a t i o m - . The
ef f e c t s  of the  d s - e d c  ing op e r at  i n  is c o n s i d e r c b l y 1 c-s so  - - re  t s - u. n those
i f  the d isposal  oper—u s-s- i n s- c . P s_ s - d u c : t i o n s  -f d i s s o l v e d  -xvge- ’n ~h ’ s - r i n g  d red g-
ing were d e t e c t e d  o n l y uns -s- quar s -  _ ir of t ime t i m e .  “.t the sus- ace , over—
f low from a hopper drc - - s - g - - cs -u ses _ I a dep iet s - u n  sf  appr ox im , . t -l y two pa r t s
per mi l l ion .  The oxygen :e-a ’c c e n t r a t i o n  r c s - ’ t c s - s -’ - s - - s- f t i ’s- Is -c k g r - s - s - s - r d  J e v e l s
wi th in  about two minu tes .  Back ground d i s s o l v e d  oxy gen  c s - s -’ic c s- c r r a t l o n s
ar e t y p ical l~’ :i g ’s-t to nine part:-s- pem’ ~cjl1I cu~~. s-u t  th t  ‘- e- ’ c h i m e n t — w a t e r
in t e r f a c e -  reduct~ c-as of as c’s-s_ u _i as f o u r  e - u r t s  ‘s_s-- n s - ” h l l i s - n  w e r e -  recorded .
Background e - s -n n c c ’n t r a t i o n s  r s - ’.su s - ’ - s - u - s _ ’ a f t e r  s-’ s - p r c - x i s - s - ’ s - c t e - - l v  C I .l ct minutes.

The hopper dred ge , because s - t  Is c s-s -s -ru st s- i: y newt s - cs-, mr s-s-c s - s  dis-
c re te  I s - c - c a t s - s - s - s - s  f e c  on ly  a ‘- - s -’ p s i - s .  s-si -‘- f t i c s - - - s - s _ c -’P’~~-r  i t s  - f ~~~ c t g
cover a wide  a r ea .  The so~ ,- s - l l  d c  - - h e - F I or s-y~

s- - s - cu I i f  s _ s _ i ’ r ‘‘h’ :s-d dredge
ir,vers- ty  impacts mcn l y a l i e - i t s  i s - C S - c - s - s -  - ‘ n ’ s ’ t s - c s - s - ,- , b u s -  at i - ’ c - ’ s _ -  ar ex-
er ted  almost C s - ” s- ’u t  s - : , ’s - c u. m sl y .  F) — s ’ s - - ’ I  ‘ c i  ( ‘ s- ’ s_ \ g’ ’s- s r e -e- d s - s - --t  s - s - c s - s -S C’ - , n u s e l b y  ‘h e
co n t i n u a l  l n t m o d ’ s - e - s -t ion of e - s -x v c ,~ m m - “ s - u s - - s - n ,  s- s - s - g  m at  e n s 1 s - -a ’s - l a s~ , F ’- ’ u i c s - s -  3—

t i s .~~c of the  d redg ing  p r r i ’ _ i - - t .

D i  p u c -mi , .‘ e-’ u i - s -  a I’ s-~pu.’s-’ s - r e -’s-s-~ , e re sul t- .. s-n riu’- f a - ’- s-oosjs_ ’t i ’r s- s c- .
approx i m a t e ly  two s - u . s - c  I s p r  m i l l i , - m u  l a s t  s - m g  f -  s- s nm e- s - C i t e -  S. ‘ l i - u  -~ i i ”  -

duct ion  was s- - s - m u i r  t , s -  t ie -’ a s - c s -  - s - u -  u ’  s- s - e d c t c t l s_ i n  u aused b y dred giog ‘-s-ot h  in
terms s _ - f  i s - i t e n s i  t y  ‘cod d u rat  I c s - .  i s - c - s - s r  r h -  b~~t L , s - c s - c , howe-vet  , c-ed it s - s - s_ s - se -
d isposal  s c - n  c su se  a c - t a t  1st 1- al l y c - . m g n u [  s - s  a u s - t  ( 1 0. tY- ) s_’x ’ s-s-ge -’n dep le ,  ic- i
w i t h  each re-’ I s_ s - ,’isc. s-~e - I s - u - ’ t  ‘ c s - u s - i  - f u s - p  s - c six c s - s - c r  s--i pc.c s - s - s - ill is - s - cm v i i -
observed . A u s - s - h l e r -t  con s- u -. n t rat  l u ’ s - c  - y e - r e  r e p s - m i n e d  at  t i- - ar aver3’~e -
t h r e e  to f o u r  m i n u t e s , 1 - ci t, c c s - l i  he-’ lnf li me - rus e F f r  as long  as us- ’ even
minu tes .  fl e- - r i c i d  d isposal  s - i r s - e r a s- !, s - r ,s P s-  s-The Ps - , h l .’ Ray , e:-s- .~;en u n ‘‘ ac-es
were d e t e c t e d  s- s- it d i d  not  - x- ce-U - s - -ic c - p s - u n per mu l ion .

Three f a c t o r s  ha ’s- - subs taru t  s - s - I oF f e - c t  s on the d i r i t  s - - s - n s- s- sd in t en -
s i t y  - ‘1 dIssolved oxygen fi ci c u s - s - s - n I i  a s-s-u . F i r s t , th i s-’ ‘- ‘cc e s f c s - s - ’ u s -m p t i s - s -i i ion
o r the d i s t u r b e d  .c’ - d i ment,  h ut ks - s-e s-ic e s t hu s - c i t - - c - i t ”  of ox’s-gu - ‘em mn d .
The g r e a t e r t Icc-  u ’ u s - r~ t e s - s -  t o f  s _ ’ ” ’ s-’g s - ’  i s - c ’  s !u ir -  i m i g  s _ - I  - ‘ ‘ m i s ’ ,, I s i s - u - -  s-s-u s- my s - i c  -n i ’  ter
a nd t h e  u s c - e r  t h e - ’  o xj d s - i t i - ’ - i — r ’ - - i s - c u  t i o n  s- ’u ’ - t ’ n t  I -  I -~ t b -  c s -s ‘ s-ue m s -  , t I m e - -

more l i k e l y  i s - , is t i  t u r s _ , n , . u i c i  es_ F l y i s - i f  i ’ s - O s - c -’ ’ ( i s - u s -’ ‘I 1 c c - c l _ i s -cc i ’ v v e-c ,  s- c - n—
c ’e - n t r a t i o n  d u r i n g  m s :c - s -e s - e -e -,- c ’ss m us-u s’. S o s _ s - u ’ s - , ’ , c c -  s . U t  - u . s - i  i s _~~’ o i f l~~c - ’  m, s-~,is - lac e
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area ) wi th  the water  cs _ c l ucc mcs -  i s - u i ’ r e - , s - s s.’s , t i m e - - u c - s - v c u  s - c d e s - s - c o d  F s - i t e n s i l  l ’s.
T h i r d , the  amount  s _ s f  nmech an h a  I p e - ’ r t u r h a t hun m t  l u s t ’ - c c-s t lie chess- mc s - c l
c h a r . c e -- t e r i s t  is _ -s  of t h e  s l u r s - v , s- . g.  , tot r i l e - s - s  i s -u~- . s i t  s- s - u h h l e - s -s , and , i s - s
t h i s  c ’ s - my,  c s - s -e dify tug its oxygen e-lenas-s-d and the- durat ion of fl u c t us - it los - us - ;.

The po ten t  lal p ro f i l e s  of r e lease - -  oF harns-ful coflst ~~t s - c e - O s -  s f t  5)Th
resuspended sediments was initiall y inve-sti gated in the f i e l d ,  Dredging
a c t i v j t  h-s in Mare Isl,m cid Stra it and d isposa l in Carq u inez e - ’  r u t  we-- r e-s
monitored to de t er s -s -sims -c ’ i f  t h e - ’  u c s - - s _ - r c t  ions caused  a si g ni f  i c ’ s - r u t  “ I cs-inge irs
the  m e t a l  l eve l s  of j n f j u c e - -ne - ’ed w , , t  c r  ( 8 ) .  D u c r i t u p t h e ’  St udv c-c s - c t  is t i
csil l y significant (P~0. 05) increases in the  s_ ’ o n c e n t r a t  i - c o — s  s - c f  fe- us -tn (P i ’ ,
Ni , Pb , Zn ) of s ix  ele nm ent s - ’c ris- e- - ; c su red  were observed . Mu- r c urv c-as founci

to d c c  r ease  and copper  leve l s  d id  c s - s - s - I  f l u s _  U u s - s - t e ,  lu ’s- - s - h i t s - s - i n  ,;T’ c’ .

u n d e r s t a n d  ing and qu - s - s t  if icat u s-cm ‘ u s - t s- u s _ - p h i e n u c m e c s - s - u u u l u c - e r v e d  i n  t i s - c  t e-’ Id
a l a b o r a t o r y  s ,u d y s-c s-us c o n d uct e d  ( A p p e n d i x  F ) .  flu e- - f Ir ’ s - t p bs-s- s-a’ :s- s , m r c s - —
t e r i z e d  Bay c-ed i m e n s -  a s-ms t o  t h e i r  p hvs - i- ’ s- cI and s_ ’hes-icic;s-i - rc:p.-rc F , s . cs - s-0
second p hase uses-i s-i c o n s - i — s e l e c t ive ext  s - - c t I s _ is - s cheme  c o (hu-s - e r m i ;, s ’ s - l i t -
nature of selected t~~ c - s _ c ’ met ,ul bond i s-uc ’ i s ; th e s-s--d tre s s- s- ,s - .ct n ix. The
t h i r d phase quant  i f i e d  the  rels-’- c s - s - c ’ s - s  I ce -- as- s-s-,s- ’tc ’c’~ ‘u !  -s - , ’ t , s - l , u-s- “- cs - s - s -u

suspended sedime n t s  under a v a r i e -- t y  s _ c s -  c ’ s - ; ’ . j r - c - s e n t  i i  c o n d i t i o n s .

The results of the exts- s-’ s - e t  i s i s - s  sc ’Fcos s - c u - i n d j c - c - ’~ ,-d t ha t  c- s’i geif  l e a n t
portion of the invest igated ci u ’ s - s - s - s ’ s - c t  s —s - c - s- Is - i ‘ h~~ r s .- -sid e-cal ichase . This
phase is considered relative l y T u i c ’ h s s - p s - s _ ,  d l v  i n e r t, . M e t a l c - c-ne st rong ly
bou nd to the mine ra l  l a t t  i, - s _ -  a s- s - i l i - c s - c s _ u  s - s - C  s-i c ’ ‘s-_i rp?. (‘C s - s e - s - u s - s - c s - ,’ el ’,’ ‘ s - ar c -c--
chemical  a t t a c k  to be r e l c , , c , s- e- sil . “- s _ v u  s - i . ’ ~~e ’ s-e - s ’ s - , s - u  c’ o s - ’ ,-i~~ t h e  sic’ - , ‘-y ,

60 perc~ nt of the ir ’cs- , Is-.~ ic’ s - s - s - - c i t  c-f t ’u u s - us - ir s - - c-s- s - e ye - - c-c s-c s- s - s - i s -, - , El i  
~ s- r C f ’j l t

of t h e  coppe r , 50 p e r c e n t  ccf  i Fs -cs- s I t ’d s - s - u i s-. s - s u ’rs-’ s _ - s - s -r of t i n  el ’s -s - is -. , - we’re
found in the residua l p hs - u s u s - .

~‘fce s s - s -,scistituents c - I s - i ., are -. s - ’ t  s i - c s -  I s - n ’ s - c l  5 s - c ’ s - u ’ s _ - s - s - - s - i Fs I t i ’ ’ - I s - s - t t  I - s - c
are available f o r  rel s_ -s - ,;c s - c  .der ; s - I - l s r e p : i a n e  u _ c - v i e  ‘ s - s - s -s - c o r a l  c ‘us - s - s _ I l l  i c _i ns - ,,

The tw o fs -’cc is-ors w h i c h  e x e r t  t h e  gre -- s - c - s t  etc s-ct s - s - r e  the pP and tF s - e

o x i d a t i o n — r e d u c t i o n  p o t e n t i s i  s i t  I b m  -m c i ,  f l u  I n s - s - i s -’ “m s -s - n t .  The-- pH , - t
both I s-he se-d imes-i t s-cs - id t h i s -’ w ; s - t e - r u uf t lu, ’ B u y  - c r -  n e - s - i ’ s - ’-’ n r s - i I it v .  A’s- y pH

f l u c t u a t i o n is  q u i c k l u  b u s - F  f m ’ s - - c’s_I ; t h u s  ~F u i - , s - m s - ’ - ,r’s- - . - t er has litt l e -  e f s - c’ct u - fl

t race element r e l ease  f r o m  Bay se-slim ’ s-its. Of sign l fi c s - cn i l ’-’ g reater
import s- s - ne -s -es is the  u - l Ie - s -- i 0 5  o ” s - i dat is ’ s - ;— u’’ -ls - e ti - - r , po les - ’.! s - - m i ‘- i Fs - s - I t s - .

t h e  p r e su s-n c e  of su l f  l i e -’  u n d e r  r e d u c e d  r ’ ’n I  i t  i- c i ~ , nu .1n~ s-”et , a w i l l
prec ip i t a t e  fo r a i n g  us- m cc c I ~c - c s- Fc -I o o c sr- p l s _ - x .  SuC t, - ‘s-s- s - c - ;  & ‘ X u  S b c - j o  -

low solubi l ity. When tim e e e - u m p l u .-s i s  i n tr c . ! s - s - c’ - s - I  t s -’ i t u c  u s - i  - - x i d i z i - s - _ i  c ’ s - i —

viro nr c s-ent , e .g .  t ime wate r  s - c ’- I s - u l s - , ’, , t h i er ’: is a - ,u~~i i s - n  r -  h e - s - s e  s - ’- m !s-~~s_ i s -_ i c - y e-

: metal sulfide o~~s- -hi zec- to e 1 s - - m s - s u t .  1 c - u i !  s - s - r 5rc- l r’ lu -os-,’ - i t  me-’t .ul i s - - n ; ’
‘ occurs . A lmus - c -t irs-s-mediatel y the i - c - h e - u s c - S  s-ru,’t ,,l s ‘ c I t I  p r -  p i r a te - or ‘-c,—

prec ip i t s - i t  u, ’ with ava m i s - i s - F e - - I r c s- or is-a s-i g s - n e -  -c S i s_ ’- s - _ ius - c s-S 1d m ’  s -c  n’s! r -  -‘ id m

ci ’ it ings and noduics or s-e-’j l I comp lex  w i t h  - s - s  Is - c r i r s - u - r e - p u s - u  ic o,’ s-’rp s- Ic
radicals . in this  form i bm_i metal c ots-s- p s- - c- ’ s - e s -~ c- c s -  s - . g , ’ is - s re- t. ccs - je t i v i i , —

soluble.

I~ ’— 2 l

a

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ - - - ‘ ‘ - - - — - -U - ‘
~ ,r~

. 
‘ — ‘ — - ‘ ~~‘

- - . ‘s-~~.~~~s- • n 
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 

-



During time sc’I e’ot iv,,’ c c - i r s - u t i,ici i c i s -,s - t,’st s - - u t  i c u c i  - r - -  t s -~~ c j c  h
t r e - ’ s - i t s - s - s - u .’ c s - t  s we-s- re u s - s - ed Ic _ i u-i t,-’! cut s - y e - ’ I s -,’ r emus -c s- - ;u ’  s-s-us ’ s - s - c l  s - c , ’ i s -  i t  is ’ s - s - s. A F - - s - i  c s - p u ’  s - u
p c ’ r s _ s x  is _ ic- t reatment  was used to ides-st ii us- t l i e - cc - ,- s - s - c t - i ,  i c - c - c s - c  i s - u t  s d  c’ I Is-

org s -in is _’ s-s-nd suit ide-s l i k e  i u F u s - c s - s - e - ’ s - - s -, 11cc ’ r e - u -  t I s- s r e h e - ’ . u ’ s - c ’ u I  ‘-c i g n i t i’ . u s - s - t
s-s-mounts of n e t ,m l s :  92 perc en t  c u t  t h e - ’  u - s - c d m i e - m s - c c  , ~ ~,c roe - nt  - - I  t lie-’ F e-s-ad ,
!~ 3 p er u -c- n t  of t h e  u ’ u)j ) pe -’r , 39 p e-’r ce- -c- s - t  of t h e  Sine - ’  , ,i I p i r s -  u -  c it c u t  t s - s - s
mer c u r Y , 1,9 percent  of the  i r on .  ‘I’hc- cl cem i c - s - m l  ext  r , u u  i s - m s - i t s  in s- s -c -fl ions-

s-i c e s - t a t e - -  and sodium citrate—dit im ic us -ic -ite --) w h i c h  sicould have’ r u - l e a s e d  t he-’
meta l s  sorbed by hydrous  e - u x i d e s  d i d  not  appear to e s u n t a i n  s - I s ’ s - c i t  iu  ant
amoun t s  of t r a ce  m e t a l s .

Bay sed iments con t a in  1, 000—3 , 000 p a r t s  per m i l l i o n of sulfide s and
thus  r e p r e s e n t  a reduc ing envi ronmen t .  ‘h ’he ’ - c c - s ec  i s - c t  its - c l of t r s - u  . io t.s - I s
with the sulfide phase under a reduced cs_m dit ion would be s _ ’ x p u ’ c - c c’s - i ,

In the sorption—dc’sorption expes-r ti cs -em it , five indepe-’s -sde; c L pa rs - us - n o t e- ri ’s
were studied . They were oxidation—reduc t ion potential , salinit y , p it—
a t  ion t i m e , s o l i d s — t o — s o l u t i o n  r a t i o  and sed im ent  t - . ’ p e -’ . The-- oy j d n t  i s _ s - n—
reduction potential was found to have the g r e a t est  e f fe c t  on ic ’ s - s - e u  s-n u t s - s - I
fate . Under oxygen—r ich conditions , signi fi s-- s -mn tl y s - s - us - -re co- Is-c-er, cs - md c n ic m s - s - s -,
lead and zinc were found in the elut n iat is -s- solution than in e iu t ri ;ut s - c’s
under  reduced c o n d i t i o n s .  Iron ac ted  i s -  s - is - ’ s - p p c c s i t e -’ s- s - s - a s - s - s - o r  ~s l  t l ~ p s _ u s - r u _ i
i ron found irs - so lu t  ion s- under  the reduced e m i v i r s _ u n m e r m r .  (I s - s -c m e c h a n i  ---ins-
whi ch may be the cause of these results is- ; the role-c ’s- c- of trac es r,s-ecals
bound to sulfide phases upon oxidation. (hi i r s _ s - n  r o le s - s - c - ed  u n d s_ ’r  cs x -’

dized conditions probably precip itar s_ s as-s 1s-vd i’ - s - c s r’s- des t i ’ s- s-s- i c e - I i . s - s o l v , _ i
and form the more- s.s- I s - s - F e - ’  I’e r’2 s - s - s -s- cc  loss - under r e - c - c j ng - ‘onc i I t i n ’ s - s.

Sal i s - c i t y  si g n i f i ca n t l y  s - s u f l u e c s --:od c a d m i u m  and z inc -  c c - ,  ren ’ ( ‘ s - u i l u ’ s - s - s-s-

in oxygen—rich sample’s .s- ce-i i s - - s- us- in  I -s -g - ’ s - s - s - l e t  is - ’  i i ’ s - i t  c u n d i t  fo r . . . . l i i  s - _ i t c h

case more - -  m e t a l s  ws - ’ ro I ‘and s- cu h i g - e- r s-s i i s -- s - t v c ’l u tr  i s - c l c - s  t i ’ s - s - ui u s -  s - s - c - c ’

f r e sh  vs-s- i cr . Two pos sib l e  s -n c - - u s - s - - s - s - i c - s - s - -c- c - - F i l c h  s - - u s- ’ s -x p ! s - ’ i n  ss- I , i s  c- ’ ’- r ’,-s - s - t  i s - ’ : ’,

are i - h e -  i’ u c c ’ s - i l s - u t i o n  ,jc s--,s-’lu ’n ’h e - s - s s - - r e - s - - s - n r c  s e s - e ’ ! e - ’ x -  s s - S I t u  s - c . ,, cs - c r,’s -s- ’s-,- s_ ’
chlorides , carbonates ,c s - c - d  sul f , s - e - c-s or t h e - ’ r e l e - - a s u s -  s - c l’ t r a c e- mu ’ s - i  s - s  F c s - i c c - c l

to its -n exc ! s , c r i g u - s - m h l e -  s i t s - -c with s- s - s - u  g r u n t s _ - c s e - c t i s _ s - u ’  - s - u s - m s - a t  it i -c s- u s- ” r n - m i ’
sa l ine  w a t s - o ” s .

The 1 u_’n4 t h of s - u p  i t  i s -  i s - - n 1 5 . ~’~t s- c s - c  s-i i F s - c  i s - S t  -i s - c f  f s_ ’s - ’- ted t I s - ’ ’ r ‘ I ,‘t s- c- s_c f

— c-ad m ium , us -opp e’r in ch s-s-, i s - s -u - c_ cs - i u - u  >s- i d l z i n g  ‘ s- u s - u i it is _ s - n s . Mc ’; ’ u ’  s - its - s - I . ’;. -; c-o re--
re - lea sed ml t i m e  I s - s m u g ’s - -s - S u m ”  i s - c - p s - c u r i - - s i c - , . - c c p t _ i -- s -  ing t h a t  c- k i n e t  i -  me - -

c h a n i s ’m  m,s- v be p i , s - y c n e-’ .m s - - I ’ ’ i i  m, ’ , , ’ f a t e -’ c u t  I s - it ’- trace ss s - et, chs. Pcs-Ss i !u i y
the c s - xi s - Is - il l u _ i s - c  u s - :  - s- s - s - l i  i-h ’ s- or  - s - u  - , m -  i s -,’ i c - s - u c n d  t r e e - ’ s - s - s - u t - s -I s  oc- — urs c s - u  u s -n s-
t i m e  i n t u r s - ’ - m l t u f  t h u _s - s - - c s - r c - t  - , s -  - - - c s - s - I d - u vs s - u  weeks t s s -  ( ‘ c - i n s-s ‘ s - c e - c s _ s -v

st l i e qci i i i  br s - i - s - s - u.

‘I’he c - i s - ,  i c i s — t o — s t s - ; u i  - s - c s - , ,, s - c t  i i  s s - g n i c  i c - n t  s’ s-m ff t_ ie t ed ‘ is e -’  i ’s -- i  c ’ , m u ,u ’ , ’ 5 ’

e-s -oppc’r , m n d  i r s _ t n  i s - s l s - u u t l c  u s-’ ; i e - h , s - s -  [ i s - n — s -- u - - f s - - - - t  i t s -n  c- F - it  c- -s . M u ’rs - — I  s- h e --se
mets -m I s - - s c - s r ’ fe-nc-nd l ’ s -  t h e - ’  c h ic - c r a t s- c - i r s - s - e d  f r u - n i  t hs - c ’ h i g h  s - -c - c l ‘Is

u s - c s - c i t e c s - t  - i r i s - s i , , , Tic! ’-, s - s - i , mv  s - u s -  s - .  s - s - u - ~~f f e -’u,t , r un” ! s - u s - ’ p u .  r - s - - s - c t ’s- .
~‘ c i !
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The release of trace metals  (Cd , Cu , Ph , a s - sd Z n )  cinder o x y g e n — r i c h
condi t ions  in general  increased the  wa t e- r ce -_ i lum n m c u c c s c t ,s - n t r , m t  ion 30— 200
percent .  Ra t ios of e lu t r ia te  to orig ills - ; I w a t e r  c-uncts - r s - t r a t  Ions in gen-
eral ranged from 1.3 to 2.0 for samples wi mic i c orig inall y had trace metal
concentrations sins-liar to values found in the Bay. The iron relea se was
substantial under reducing conditions with ratios of elutriate to ori-
ginal waters ranging from 50 to 3,000. This phenomenon should be very
uncommo n in San Francisco Bay because the water column is not normall y
oxygen de f i c i en t .  Under the  usual  oxygen—rich  cond i t i ons  in the Bay,
iron ra tios of elutriate to orig inal water concentrations were 2 to 4.
Figures 23 to 24 i l lustrate  the leve ls  of releases of t he trace m e t a l s .
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FIGURE 23 ELUTR IATE TR ACE METALS ’ CONCENTRATIONS
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The i n i t i a l  f i e l d  experiment and the laboratory invest i gation bot h
indicated that under appropriate environmental conditions trace elements
could be released during dredging activit ies, In February 197 5, an c~
per imenta l  disposal opera t ion  was conducted to in tensivel y s tudy t he
ph ysica l , chem ica l and biolog ical ins-pact of “pol lu ted”  sediment disposal
(App. I) .  Water samp le analyses showed that solute concent ra t ion  of
cadmium , copper and lead increased in the disposal plume by 6, 4 and 9
times, respec t ively. Cadmium concentrations increased from 0.22 parts
pe r bil l ion (pp b) to 1. 35 ppb , coppe r fr om 1.29  ppb to 5 . 0  ppb and lea d
from 0 .2 1  pp b to 1 .88 ppb. These observed increases lasted less tha n
one and one—half hours which was the frequency of sampling.

The disposa l operation was found to also ic -cr c- c-s-se - , the ch lo r ina ted
hydroc arbe -s-n cot’mcen tratie -s-n ‘s - f the water . The p,p ’—DDD , p,p ’—DDE and PCB
Aroclor 1254 levels were ss-bserved to increase by factors of 1.6, 2.5 and
2. 3 in the water and s- - i s - s - s -u pended pa r t i c u l a t e c- .  Maxims_s-mn observed cs- icc- i—
trations wi_ ire 0.98 pp~- f~~s-’ p,p ’—DDD , 0.44 p , p ’ —DDE and 6.6 ppb f a r  PCB
Aroc~ u u r  12 54. The sans -p lc ’ s were collected every 30 minutes .  By the
second samp l ing followin~, disposal , the chlorinated hyd s-- acarhc’n concen-
trations had returned to ambient levels.

Fulk et al (9) conducted laboratory investigations to assess the
ex ten t  to which chlor inated hyd rocarbons may be t r ans fe r r ed  f rom bottom
sed iments  to the wate r  colummi . Samp les c- . “e analyzed fo r  aidrin , die t —
dr in , endrin , l indane , 2 , 4—1) es ters , DO t amos- s-ins-s-logs, ss- s -’s-xap is -c,c- s -.’ iT ’d J ’CP-
as we l l as other cons-st itus -cin t s . M~”ra t. Ic ’s- c f e - s - s - . ‘, l s - s - , ,- ’sj c , 1:~ c -ps -_ i” ]  ~}urjs- :ts-
and s’_i e - t i i s - t g  t es t , , c-es-re pert ats-nod to determin - ’ ~~cs- ~ - _ i -ars, of pe s-- ticide’-’
and PCB a s socia t ed  s - - I t h  the  so i l s_ i s r ema ining ii, s -_ ias I - -, r u s i c n a f t e r  v a r i u - - c s
settling t imes- ,

They fo und tha t du-’ -- s-irp tion s- s- as affected by the solids—to--l quid
r a t i o , pest ic ide  levels - - i  in the c- _is_i is-js-ent, par t ic le  s ize  -s-nct o r s -’y:n~ r
frs-s-c tion , aid -‘il as-s i gr e - -us - se  cs- c-ate-tots-. In the desor 1. t is - s - n t cs-s- - , L , s , i t  W3 s-s-

found that dc-sorption ocs-curreo c — rm l~ ’ at the hig hest ra t ios  of sediin c-’nt—
to—water (1:4 to 1:5). The ams-_iunt desorbcs-1 deFs-ended pris-ta_ irily s- u s the
conc entration of pest icides in the sedimen ts- and to a smal ]er extent  on
sediment p a r t i c l e  sIze - _ i  and total cs-rgam iic carbon. Desorplion was af-
fec ted by the oi l  and ge -es - is” c s - u -s - i t  m,nt  onl y at the hi ghest sed imen i—to—
wat e r r a e - t o g .

Dur ir g the experimental disposal opei’.It ion t i s  con- ’ e c u t r n t s - ,’r~s of
n i ,  ra te  n i t  rc ,- ,’cn and ammo s- ’s-ia n it rogen  -s_~t,’r ’ s -  monitored (.‘5ppend ix I ) .  In
thus -  p lume t h e  n i t r - ~~~e , ‘sj nce n t r at i o n  increased trot s-  a , .ckl ,r e s-ind level of
0. 3 ppr~ c, .’ 1.8 ppici arm n i-m e ammon ia ni trogen from C’ - ]  ,s-’s-s- to 3,0 ppm .
These i s- s- v s_- i s  l as ted  f o r  less thas - m one Imour , t i s - e f r e q u e n cy  of mon t ’s - s- - r i n g .

Labora to ry  studies by othe rs have also shown a reit, -i c-c’ of c iu t r i e n t s
— (n i t rogen , p hosp ha te  and s i l i c a)  upon the a d d i t i o n  - s - s f  dr~ d ged sed imen t

to the w,it~ -r co lumn ( l s -~) .  These studies have shown a suscsl s- ’u relea se
fo l lowed  by a s e - l i g ht d c - u. rease i s - u  n u t r i e n t  concer ,s -c- r s - i t  i ’ s - s - c .  Tis -r highest
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r e- I t -a Se- sd  n u t r i e n t  ‘-i o c c u r s  under  r edu e l u i g  end i t  ions-, u i t  h ag i t a t  io n .
Si ig ht ly  o x i d  ix ing rend i t  ions result in s-i m i d d l e  I m s - c l  c u t  n u t r i e n t
re lease  w h i l e  oxid i z i n g  condi t ions  g e n e r a l l y  have - r e - - I  c - c c - s - e s  s - mt very low
con c e n t r a t i o t s -  l e v e l s .  S i l t y  c l a y  sed imet i t s  r e lease  c o m p a r a t i v ely  more
nu t r i e n t s t ima n  do coarser sed iment , ma i n l y due to th e t inu’r p a r t i c l e
size w i t h  hig her  c o n c e n t r a t i o n s  of n u t r i e n t s  and m ) r g a n i c  m a t t e r  c on t e n t .

N i t r o g e n o u s  compounds  a re  kn own to be released upon the addit ion of
w a t e r — s e d i m e n t  m i x t u r e s  to the  water  column . The amount  and f o r m  of re-
leased compounds arts - c o n t r o l l e d  to a large ex ten t  by the  oxygen - -on c e n—
t rat ion of the water mass. Under cs - x id i z ing  cond it ions , t he or gan ic
nitrogen s-Is well as the ammonium ions are ox idized to n i t r a t e  and sub-
sequent ly  to n i t r a t e  ions. Under anaerobic condi t ions  the K i e l d a h l
( so lub le )  n i t r o g e n  increases in the water  co lumn . Ammonia n i t rogen  ( 10)
was found to  be released a maximum of ten t imes over ambien t  l e v e l s  and
organic ni trogen (10) a maximum of f i v e  t imes in the l a b o rat o r y ,  w h i s - ’h
corresponds well  w i t h  r e s u l t s  of the  f i e l d  expe r imen ta l  disposal (Appen-
dix I).

The occurrence of chemical reactions during the disturbance s-nd
resuspension of San Francisco  Bay dredged sed iments  was demons t ra t ed
both in the field and in the l a b o r a t o r y .  R e a c t i o n s  included the re-
duction of the dissolved oxygen c,’ncentrat ion , and the release s - f  trace
elements , chlorinated hydrocarbon and nitrogen compounds. These re-
actions were observ ed to occur  only i u s -  t he suspended solid s p lu me g o’s--
erated during oper a t  ions. L s- issolved ox- -e n l e v e l s  can  be redu ed by
more t h a n  seven ty— r ly e j , c - r s -’ m’ s - , t Ir e - s_ s - s - i s-lear s - t s - i r s m t e d  - ‘ne- i i t  I -  - n s .  ‘1 ice
reduc t ion  can cont in - i s _ s -  f - o r s c _ i s -_ irs - i l min u t es .  Th e- re~ e 4 s e  s - s - f  :race con-
stituents cs-an measurabl y influence ambien t ‘ s - u - cs - c e - s - st rat i s _ s - n, m s - f  these con-
s t i t u e n t s  in the  water  c o l u m n , In ~ i mt ,- f i e l d , t m a e e  meta l levels were
found to increase by several ports per billion Is _ c r  des - rat ions le ss  t han
one and one—hal f  hours .  Cl ,lu cri n a tcs - 1 hydrocarbons concentrations , e s - _

c ’
augmented by r e l e a se s  In s_ its - o s - c r t s  per b i l l  i s _ u s - s  ; , s - n ” u -  b r  j s - e - r i o d s  less
than t h i r t y  m i n u t e s .  N i t r  s - s - c e -  a-’d an s-nonia us - i t r c u ~~c’n l e s -  s - I s  s- s- c - re ten s_ so—

r a r i lv  its -creased by f a c t o r s  s_~1 3 .  and 10 t imes ‘vt_ic backgound u s -n—
centrat ions.

These r e leases , a l t h o u g h - t , s - t i s - - s - t i c a l i y  si gnificant. ,~rc- c u s -n s i d e r e d
to be low level heu s-at s-se of the cxtremel.y small concentrat is_ sns of th ese
const i t u e n ts  found  c i a t u ra l l y in t h e  wa te r  co lumn . The d i r e - c t  t oss -  of
elevated concentr a t  i s - i n s  is-i the  wa te r  column f o I l o w i n g  re lease  was not
f ull y quantified . However , u,s-der oxidized condit ions released toxic
c o n st t t u e s -s - t s  ( t r a c e  e lemen t s  an ’.l hy d roca rbons)  shots -Id reas s--uc_ ii iat e- with
p a r t i c u l a t e  alm’s -’- ut inmed it tel y and ammonia should be oxidized to
nitrate. These s_ Iiemical reactions following sed iment disturbance and

‘ release are augmented by t ime t o _ i buient cs_s-nd it ions at San Franc isco Bay
disposal  s i t e s , to  r e e s t s - c b l i s h  p re—oper a t i o n  s _ ’ o n d i t i e - - n s  in the water
c o l u m n .

Seve rs - s - I r e p o r t s  have been p u b l i s h e d  u n d e r  t h e  D r e -’d g s-d  M s - t e r  t ,t l
Researc h Program c-l ’i i s - ’h p r o v i d e - ’  in form s- i t ion in a d d i t  is _ s - n  tc t h e  support ing
append ices .  ‘f i ce y  a s - c  r I c - r u ’ s - i c e ’ s  21  i h r o s - m g h 2~- in  t h e  ~‘s - i b i  i s - ’ g r a p hy .
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BIOLOGICAL IMPACT

INTRODUCTION

D r ed g ing and d isposa l  o p e r a t i o n s  have p o t e n t i a l s  f o r  caus ing  bio-
logical impacts in the Bay. Impacts can result from physical and/or
c hemical effects. Phys ica l  impacts are readily apparent. During the
excavation process organisms are  removed w i t h  some m o r t a l i t y  f rom the
channe l  bo t tom along w i t h  the  dred ged sed i m e n t s .  A q u a t i c  d i sposa l  can
resul t in burial and smothering of organism s residing in the impact
zone .  In a d d i t i o n , d u r i n g  bot h these -’ ac t i v i t i e s  the  w a t u ’r ‘ I ons-n w i l l
have e l e v a t e d  suspended solids c o n cen t r a t i o n .  Chemica l  r e a c t i o n s  w h i c h
m i g h t  be b i s _ ’ l s,s-g is _ ’ a l ] y s i g n i f i c a n t  d u r i n g  o p e rat i on s  are not as intui-
t ive l y obvious as i n t u a c - t s  due to p h y c i u ’al d i s t u r b s - i n c - u_ i . D o r i s - m g  bot h
l a b o r a t o r y  and f i el o  invest  igc -i t  i ons  s t i t i  St ic,-’i l  l v  s i g n i f  i r s - m e- changes In
wate r  q u a l i t y  were observed which  r e s u l t e d  f r o m  c h e m i s _’- a l  r e a c t i ons re-
lated to Bay sed iment resuspens ion  ( A p p e n d i c e s  F and 1) ,  The a d v e n t  of
m e a s u r a b l e  water  q u a l i t y  c hanges , ii ewc-ve ---r , do -s not nece’ssarilv connote
signific- s-’cn t biological impacts.

To facilitate discussion , these two broa d  ( - a t e g o r i e s  ( s -  I c y s i c a l  and
c h e m i c a l )  of p o t e n t i a l  impac t s  a re  disce-mssc ’ci g- ’ t it s- c s - s - i d -i fivt- ’ sc - cc--
ific areas of poten tial lolog ical eff c’e s -c - . F - s _ s - Is- ar e - c - u is discussed sepa-
ratel y and assessed as to it~~ significan ce- ’ t - s -  t l c c - - hiu ’log ica s- popula t ions
found in San Franc i sco  Bay d r e  - :;e , ms -~d d i s p i - s ~~l s It e s ,  lice areas of
concern  are (1) bo t tom d I s t u r b a n c e , (2 ’s- d i s s c , l v s - u l  ccxvgei i  r e d u c t I o n s , ( ‘3)
increased suspended solid s loa-l i rs_g , ( c-s _ ) up take ’  an d cs - c c one-i l m t i o n  of
t o x i c a n t s  and (5 )  b i n - u t  i n m u l a t i s _ o n .  ‘

~‘1 cere- s- .mr e -- s t s - s - c  r cr c - a s of p u t  ~-n~ i a l
b io log ic al c o n c e r n  too , such as , chn n~;c -s in se-- d i - u ce of  a nd c - s - s - b e - s -  c i r c a —
l ,a t ion , secosi -t a c c  a nd t e r t  t s r ’ s- e f f e c t s  of sab ’-s -e q s - s - e -.’n t  i n d u s t r ia l i z a t i o n ,
etc .; but this stud’s_’ ws-c - d irt-s re - s- t o w s -u r d s  e f f e c t s  of Use dred ge/disposa l
operation and not toward s ot is-er ex t r ins ic  impac ts .

Because of t h e  u l l s p ~~r s - ’ s - i o c i  of t he  se d iments , dredg ing  of nav i g a t i o n
c h - an n e l s  and a q u a t i c ’ d i , s p e - ’ s s - s _l i p e - r s - m t  ions  have l i t t l e  direc t i n flu e n c e on
diked  sa l t  pond s and m ar s h e s  arid somewha t me -s-c”- cci tidal flats. The
f o u l s  - s - ,~, b e n t h j c  and s - s -~~’e - ’n - d C  fs _ , il’ i t a t - , I’ut - s ’ccu su - - I  thi ~’ir prox imity f r i

o p e r a t  I o n s  have t h e  g r s _ ’ s - m t  ~ s-s- t p s _ - s - c t  i , i  of be ing  e - m p u c  ted , acid f u r  t h i s
r c - c - ,s - ’r c rec e - ’i s - -’ - s - t t i s - , most e’mp !ua- -~is during time in— h i s-~tud i c - s s _ u t  d r ed ging
and d i p s - s a l  e t f c ’ : t s .

‘lh e  fo u l  i n g  commun i t ’~’ s - n  t i m e - -  p i l i n g s  ans _ l wharves id ‘ ic - s - i t  t o  f l a v i —
gat  ion channels may he i n f l u e n c e d  by e levat  c’s-I stm sp ei cdt-d sd j , j r, s - u ’ s - i c e s - ’ -

- ‘ f r_ it t Is-ins or s_ i t her dr e -’s_ i g lag—re] ate’d c- ct ’ s ’ qua I i t  ‘,s- - I i : u u s - g c s  . The bermt )s- ft
c o m m u n i t y  I l V s ’s in c l s ’ ~~t’ s- s--s - - s - cc is - mt ion with c - s d  lus -es-its -is - id i s - s - s - s s u h s t , m n t  is - s - I
t s - I u - r , c s - c s e fo r  p s - m r t  i c ’ i i h i t e  r e s - s - u m s - - s _ p e n s i o n .  ll s - ’c - c’vc - -s - , s_ ’xu ’ , u v s - s_ t ie - ’n d i s t u m r s - ’c- or
r , - s i s _ ’ v u - - s  t u i - _ i c -  d i g _ i s -n i Su:c ~- i n  t h e  c h a n n t - I  d r - c  wts -~~J i ’ de p s-~~~t jots- e - s - t  r o l e - ’ m s e--d
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sed imes - i t  may smother or in other w s - m v s  s - i t  t ci t t h e  be - st t s u m  s _ s - s - g a n i s ms - i t  t he
disposa l s i te .  Open bay organism s immed i s - i t t  ly  w i t h i n  the ares-i cit in-

f l u e n c e  of e i t h e r  the  dred g ing or d i s p o s s - s_ l  s _ s - ; s - er s - l t lo s - s s-re subjeuc t to the
same type -  of w a t e r  q u a l i t y  changes as the  f o u s - I  i ng  s_ gams - i sms . Mans of
them , however , are capable  of escape.

Of t he  th ree  h a b i t a t s  i n f lu e n c e d  by d r e d g i n g  and d isposa l  a c t  iv—
ities , the benthic domain  r e c e i v e s  the g r e a t e s t  impact  du r ing  the  ex—
cava t ion  and disposal  process. For t h i s  reason , benthic  o rgan i sms  ‘.‘c-rc-

emp hasized in tIs-e b iological  stud i c- - -s performed during this invest i ga —
t ion. However , the  an ima l s  s tud ied  were not l i m i t e d  to memb e -_ irs of t h i s
communi ty .  R e p r e s e n t a t i v e s  were selected f r o m  both the fou l ing  and
pelagic  ha b i t a t s as well , to assess eff -s_ - ts on ind ividual specie-s riot
l i v ing  in close assoc i a t i o n  w i t h  t he  sed i m e n t .

BOTTOM DISTURBANCE -

Bottom d i s t u rbance  probably causes the  most  sign i f icant  adverse
biological consequences of dred g ing  and d isposa l  o p e r a t i o n s .  Phy s i ca l
d i s r u p t i o n  of ben th ic  h a b i t a t s  is i n h e r e n t  ~n t h e s s, a c t i v i ti e s .  D u r i n g
the excavation process t y p i c a l l y  one - or more - “ m eters  of sur face  sed iments
are removed f rom the  channe l .  it i-s irs these criace sed iments that the
m a j o r i t y  r c f the  indigetcou s  benth ic  - s - omn s -un i ty  r e s i d s -  i, l t h o u g h  many
organisms are mast  ica ted and des t ro ’- s - us d s - s - s - they are dredged , others
survive to be r e loca ted  d u r i n g  d i s p o s a l .  This - ;  is p a r t i c u l a rly  t rue  wher-
a c lamshel l  is used and the  organism s are ,  not subj ected to the  v ’Lc’m t e n c e
of h yd r au l i c  pumping . Open bay ‘;pc~- u : i e : - ’ have a l so  bees-s found  to tie
s u s c e p t i b l e  to en t ra inmen t  and abuse d a t  ing p um p ing  o p e r a t i o n s .  U u r i n s-
subsequent d isposal , the released sediment may mound to  some d e g r e e .
This mours -d ing has the  poten t  i s - m f o r  smothe-  ing b o t t o m  s pec i e s  w i t h
l imited a b i l i t i e s  for  ver t  ical m o v em e n t .

A censu s of benthic  m acro f ae mna  was conduc ted  in three dred g ed a re a s
and f o u r  d isposal  s i tes  in March , September and December 1973 ar ’- in
March and June 1974 (Appendix  I ) ) .  i lc mrin g each of these p c- r ie - u c i s , e lec t ed
p hysical and chemical p r o p er t i e s  of th e  water  and sed iment were a l s o
measured.  Four l ocat ion s are  of p a r t i c u l a r  is-s terest  in a s s e s sin g  the
e f f e c t s  of sed iment d i s t u r b a n c e  at ‘-~~~-s dr ’- d ge and disposal si te s.

At Marc Island St ~ i t , one samp l ing st a t io n  was e s ta h ii -~h e I  in the
dred ged channe l  and a n s _ u t  her in the undredged por t  inn of the ~ t ra i t  . A t
the Carqs - i inez S t r a i t  d isposa l S I t t , cs- ne samp l ing s t a t i o n  was p o s i t i on e d
at the  c e n t e r  of t h e  s i t e  and armother  s- i t  t h e  n o r t h e r n  edge . Iwo  sta-
t ions were a l so  e s t ab l i shed  at bo th  the  South Bay disposa l s i t e -  s- s -nd
Redwood C i t y  Harbor.  irs - M a r c h  1973 , immedIa te l y a f t e r  t h e -  f i r s t  i,e n su s ,
a little less -- s t h a n  ‘s-u , 000 cubic meters s_ i f s e d i m e n t  were d r - - d p i - s _ i  f r s _ m os-i c
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of the  harbor s tat  ions and disposed at  us - s e - c s - i  t h e  Se- s _ m t  I s - Bay d i - s- p s_ s ss-s- I
s i t e  m o n i t o r i n g  s t a t i o n s .  No f u r t h e r  d r u - s _ l g i i c g  a ct  i v  i t  v - u c u r re d  a t
these It i u r  s t a t i ons  fo r  the r ema is-id e-’r u f  t u e -  surve” s- so t h a t  r e ’ s -  o l u u s - i j z s - i—
t j i ,s-n cou ld  be fo l l owed  in the d i s t u r b e d  a reas .

The survey in Mare Is land S t r a i t  exemp l i f i e s  the i n f l u e n c e  dred g i n g
may have on a channe l ’s biological  resources .  Dredg ing  s _ - t  t he  Strait
occur red  in J a n u a r y ,  Fe - -bruary  and November of 1973 and February and
M a r c h  of 1974 as shown in Table 12. The samples co l l ec ted  in March  1974
i l l u s t r a t e  the  e f f e c t  of dred g ing on the number of o rganisms  in a chan-
nel area versus an undred ged area . This samp l ing occurred during
dredg ing . There were le’ss th as- i two ind i v i d ua l s  of bo t tom organism s per
l i t e r  in  the channel  samples and over 390 ind iv iduals  per l i t e r  in the
u n d i s t u r b e d  area.  The March  1973 samp les f rom the  dred ged s t a t i o n  con—
t a m ed s l i gh t ly  g rea t e r  than three  ind iv idua l s  per l i t e r . ‘Ih is  sample
was obtained approximatel y one month a f t e r  dredging was com p le ted . The
September 1973 samples , obta ined  seven mon ths  a f t e r  t he  termination of
dredg ing , con ta ined  sj”er 280 ind iv iduals  per l i t e r .  The average numer—
ica l a bu n da n ce at  t h e d r ed g ed st a t ion was abou t  e i g h t e e n  s ier ce nt  s - s - f  th e - -
abundance at the undredged s ta t ion .

TABLE 12

MARE ISLAND STR,AIr NUMBER OF 1NDIV LaU /s _ L BENT HI C
ORGANISMS COLLECTED AND PERIODS s _ s - F DR FiGIN~;

Month/Year 1/73 3/i3 5/73 7//I 9/73 fl/73 1/~~ 3 / 74 5/ 1 4 1/ 74

Dredging Dates

Number of
Individuals
per l i t e r

— Dred ged
St-s-tion ~.3 280 2h .3 1. 7 11.3

— U r dr e d ged
S t a t ion  8 .7  501 468 393 383

I
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E f t e - ’ c  t s  of d i  ~ p u u s s - l l u s i n g  t h e  Ca r q u  i n c - i Strait ~~i n m p l  cs we r e n ot  as
eas i l y demons trs-ic ed . This is because t he a ct- s - I  i s - . n.- s - t o rally stressed by
bo th  h i g h  c u r r e n t s  and large sal i n i t y  change ’s  s - m u d  t s-c samp l ing t echn ique
was not des igned to  e n u m e r a t e  a b u n d a n c e  fr ets -i pat  chi ~ - d i s t r i b u t i s _ i n s .
Pat e - - by d i s t r i b u t i o n s  are t y p ica l  in t h i s  t y p s _  of e n v i r o n m e n t .  i h e  Mars _ h
1974 samp les dur ing d i s p osa l showed t h a t  more -- tha n s i x  t i m e s  as many
in d iv idu al s pe r l i t e r  were  s-it  t h e  u n d i s t u r b e d  s t a t i o n  as in t h e  s_ - e n t e r
of the disposal  s i te .

A l t h o u g h the  b e n t h i c  c o m m u n i t i e s  surveyed in Mare Is land and
Carquinez S t r a i t s  had the fewest species (were least diverse ) cut any
loca t i on  where t he  census was conducted , these c o m m u n i t i e s  may be among
the  most r e s i l i e n t  found  in the  Bay. Long pe r iods  of both  n a t u r a l  and
man—induced  e n v i r o n n e n t al  s t ress  may have r e su l t ed  in evolved resil-
ience. Ol ive r  et a l .  (11) found  a p o s i t i v e  c s _ s - r r e l a t  ion between corn—
munity resilience , environmental s t r e s s  dnd dec reas ing  c o mm u n i t y  com-
plexity in Monterey Bay. If this relationshi p is true for a variety s I
situations , a community living in a hi ghly stressed environment is
generall y less complex and can recover more quickl y from m d i s t u r b a n c e
than that from a more benign environment .

The dred g ing and disposa l ex p e r i m o nt  c on d u c t e d  i t  Pu  dwood C i t y
Harbor - u South Bay disposal site suf fe--r e - - d from the la- - k of an ins--

m e d i a t e  p o s t — d i s t u r h a s-ice sam p l i n g .  R i g s _ - u cuus cha m - s u c t e r i z a t  ion at  r e —
coverv and recolonization thu s is not poss~~~s- e- l uu t samp l ing was su f-
fic ient to permit gross trend description.

Tim e pro—dred ging census i-f Redwood C i t ~ Fla r acu r in M a rs _ h l9~ 3 in—
d ica ted  r i -cat t he ex p e r i m e n t a l  s - m s _ i d r e f e r e n s -  & ~ t a L i u n s  wes t - 1 u i e ‘-~~n s- i ! a r
in spec ce - - s composi t  ion and r e l a t i v e  a h s _ m n d s - s - n ’ - (at l - s - - s -t I -r lie month of
March ) .  The nex t  satn p l j og s _ u s -  - s - cct ~ - i -s- 0 St -tens-be e , si ’ s - mont es-s after the
exper ~s- ns _ ’i s - t s - s - dred g ing was comple- e- c--J - The n u m b e r  of s sr g u s - s -  i siss - s -~ 

s- s-~~ iii —

creased about  t w e n t y  t imes - s y e c  t h -  M r ~ h s - : : - s - s - i O l  i n g .  t u b s c c i t ,n~ :s-a mp l i s - s - -c
i n t o  1974 slss_~~ ’d tha t this - - ~~undar~s_ e p r s - u~ ’res ’s-si~ ’c Ly d e e  - e- s- ,- st ’ s - l ,  A l t h s - u u g l s -
there was no :edi mct ion in total s- i ’ s - a l e- rs - - I s’s-pu s- i t s  between Ms-s-re-i, - s -nd
September samp l es a t  t he dredgs -d - t  s - s t  ion , ‘-he s n e w  u - e-’ nl p - ’sit tom ’s- - 

numbers of o r g a n i s m s  markedl y c l s - - s _ s - - c e,ed .  F- ’~ exa m p le , T O o t  t h e  ~- s - l y —
c haet e  sp c s-  i e - s col lected in Sept u 1 s - s - i s - u  r st -s - c ’  nor  s - r e - - s - s - e - - u s - t  in M a r c h . Onl y
th ree  cit t h e  15 a r th r o p o d  spe -- s- i e -  ‘~ i s - s  M a r c h  wer e-  c sm m - s-n t o  b o t h  s u m p ]  Ing
pe r iods (s-i inc were new i s - c  t h e  Se- i t s _ -es- h r s m r n p h - s . t h r t ’e  tha t v c r c  ~‘resont
in M a r c h  were - ’  absent  irs - S e p t e m b e r ) .

Spec ic - s  d i f f erence be t ween  - l a r c h s -  and ,~e--p c- s - s - her  1 9 7 3  at the refer-
s- ens_ - c es - t at ios - -, a l t h o u g h a p p a r e n t .  was not  as grea t as a t  t h e  dred ged

s t a t  j o ’ s- fo r t h e s e  t s s - -  s - s - s - s - p i e  p e r i o d s .  T o t a l  populati on s- s - I the e u - f  er enc e
s t a t i o n  aissi  i nc rea sed  i s - s  September  but o n l y  doub led  as compared t o  a
2 0 — f o l d  i nc rease  a t  t h e -  dredged s t a t i o n . Ti e- doub l i n g  s- s -s - is p r i n s - a r i l v  due
to ins -r e -a s - s -ed numbers  s _ s - f  an amphi pod , A~ p e l i s c a .  A po lv c h a e t e- , Streb1o~~~io
ben e d i c t  i , and t h e  m s -md musse l , Mu sc si us  s-s-~ ’nho s- m s i a , s- - c r c- l i t t l e  f f t - u t ~ d
b y d r e d g i n g .  These common spec c -s  p r i ’ h s - c l -  y exper ic-s - s eed a net  r e d i m c t  ion
immedi - m te l y af t e r  dred ging but  c s - s  i~ - L l ’ s-r s-’ e-c~were-~d Ii’s-- th e  ss - - -xt samp l i ng
period (within six months) s- s-nd cot-c t inued t s _  i s - u -  s - s -b u n d a n t  up  to  -~ us - u-.- 1 9 7 4
when t i m e - -  t ield surveys t e r m i n a t e d .

V—4
s-t~j

v s - -  - -

~~~~~~

- -

~~~~~~~ — 
:::: :~I



At  t ime S s _ s - u t h  Bay d i sposa l s i t e - ’ , the s t a t is - u n  w h i c h  m u  - d yed t~ ue

dr e ’d -~ e- - d wed iment from Redwood City Har bor s - s - u s  s i t s - u s - I t  t - d s t S I c e - ‘u s - u s- be r n
cs-rid s _ ’ t  t h e  s i t e - . The r e f er e m i c e  St s - i i r s -  was u - s t  s - c bl I she ’d a t  t i m e -  s - s - e - , i he-rn
end and was presumabl y not influenced by the disposa l at the oppos ite--
es--cd , 1, 000 meters away. Keep ing in mind  tha t there was a six—month
i n t e r i m  between the  i n s - It i s - c l  samp l i n g and the  f i r s t  p o s t — d i s p u s - s _ - i l  sam-
p l ing ,  t h e  s u r v e y  o f f e r e d  no evidence es -f adverse e f f e c t s  r e s u l t i n g  f r o m
t h e  d i sposa l  of the  dred ged - s - s - a to n a l .  Pos t—disposa l  samples  r i - v i a l e d
little change in numbers of organism s and the  d o m i n an t  o r g an i s m s sam~’led
before disposal continued to dotimi teate the b e n t h i s -  b iot a  su bsequen t  to
disposal. Species composition changed little between pre— and post—
disposa l sampling dates except tha t additional speci e--s of polvchaetes
and s-mr thro pods were noted d u r i n g  the  pos t—disposa l samp l ing per iod . The
increased species number  5 s - S  p robab l y due to i n t r o d u c e d  spec ies f r ’s- s-c t h e
dred ged s i te  as we-s- il as to n a t u r a l  seasonal f l u c t u s - i t l o n s  of sp e s- - i e s  in
tha t  area .

The u n d i s t u r a - - d  r e f e r e n c e  s t a t i on  l o c a t e d  at t i ’ s - ’ n o r t h e r n  end of
t he Si te  con ta ined  c s- se- same genera l  dominan t  spec ies-s as d id  the  dis-
tu rbed  sou the rn  s t - u t  ion , but  t he species  c o m p o s i t i o n  was q u i t e  d i f f e r e n t
between the two s t a t i o n s .  F s - ’ r  examp le , 12 taxa s-u- re found  exe- I u s i v e l v
at  t he d i s t u r b e d  s t a t i on  whereas  22 t axs _ i -s r e -  f ound exclusively at the
und i s tu rbed  s t a t i o n . However , these  34 m u s - s - s - i l l v  exclusive types con-
s t i t u t e d  a very  minor  componenr , a m o u s - - t i n g  t o  on l y 0. 27 pe r cen t  - s - f th e -
total number of noncolon ial - -p eu- imens e-~,, l i i  ct e - s - d frs _ s s - eu both ‘-s -t, ut ions .
L a t e r  samp les at t h e  u n d i s t u r b e d  sL a t  ion J s _ s - s  n -  e s - s - i s , s - s - s -  :er i i  in-
cr ease is -s species us -um bo rs  - y e s - ’  t h e -  e - a r l i e r  s’s-~s - n s - ; . - - , ‘- i s - s _ u s - mr  t o  t h .~~
observed at  t h e  d i s t u r b e d  st - a t  lots- . Tice c s-i s - u s - .  s - u  s - e r ’ -  s - c t t r  i h u s - t d  to sea-
sona l f l u c t u a t i o n s .

Al - 
sig hs - not dcsns-onstratt d by t s-c e x p e r i m e nt  s-it t h e  s-- u - i  S-s- .’ 0 5 5 —

posa l S i L O , tse e f f e c t  s-i e- s ~s - r s- a i  si t I s -  r e -’s i -j - - s - s  of  a di s~s’ss -s- l — ; i e- by
released d s - edged sed is - s . can  he s ign  ~i i c a i u t  . sue  se ~a, r is s-c ’s-a

severe when the  depos i t ed  sed iment is n e - o l - - s - u u n i u a t  1 h I e , i. c: - us-e l ike be--
n a t i v e  sed iment c h a r a c t e r i st i c  of t h e  ree--civin g area . s _ ) r g s s - -  i sis-i s -s - em -n i to
have excep t iona l  d i f f i c u l ty  exhuming t h u - s - s - - s e lves  f rom i i i c - s- s s - s - i - ’ r r at e s .
Those o rgan isms  indigen se- s- s to a mud subst rat e- do not have toe :ip7s nds -ege- s

to move t h roug h a sand -.- s ’ -- nl - s- srci en , a s - s -- i sand i n h a b s -  t ing or- -s - n i- i ns lcu n u l

have the appets-dages-s tu - mi gra te t lmr - s-sip I s -  d mud overburden  i i i ) .

S c ’ s -ne m o r t a l i t i e s  in to ’  c.s - s -~s-s- ni-’ l and d i - ; s- s- cs- sa l :‘c-is s - s - re - 5 , 0 ’ , Lu m a hi , .

These animals  must  he ’ e ’ o n s i d s - - r e s _ h  e x p e n da b l e  i f  n a v i -~,- t ion p r s - e - s _  s - s  s - s - re - -
t i  he m a i n t a i n e d  and the present  pra s. t i c - c  cs-f a c j s - m a t i c  es- i sposa t cccr,t i s - i t s - c  s -I .

-s- - However , i f p r o s - s - s - u  s i t e  se lec t  s - on  is  ut  i l i z e d  , rss - l s - s - cct ‘s-n - - c - i s - s i t ive - ‘s-
eco logica l ly  i m p o r t a n t  spc’ s ’ i ’ s , e .g .  e l s u - I l f i s h , can he i u I s - s - i m , 7 s -’s_~~.
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DISSOLVED OXYGEN REDUCTIONS

A t y p i c a l  v e r t i c a l  pr of  l ie  of the  Bay w s _ u i d  show a co lumn  ci  oxy-
genated water  ove r ly ing  an 8— 10 cen t ime te r  stratum of oxidized olive
gray sed iments and an under ly ing  medium grey or b i a s_ -k  l ayer  of reduc -ed
sed imen t s .  

- 
When these reduced sed iments are resu spended t h e i r  oxygen

co n su mp t i o n  r at es incr ease sig n i f i c a n t l y  above the quiescent  bentha l
r a t e s .

Since resuspension s i g n i f i c a n t ly a l t e r s  the oxygen demand rate of
b e n t h i c  s ed imen t s , an impor tan t  consequence of d redging  and dispo sa l
ope ra t i ons  is possible  r e d u c t i o n  of the  ambien t  oxygen a t  the  a c t i v i ty .
Second to p e r t u r b a t i o n  of the  bo t tom , d i s so lved  oxygen r e d u c t i o n s  may
poss ib ly  cause  the  most s i g n i f i c a n t  b i s _ u l o g i c a l  e f f e c t if dred ge /d i sposa l
operations. During periods of redeis,’e--d oxygen , organ i sms have decreased
tolerance to both suspended particles and toxicants. Further s-s-is-re as
stated in the 1972 Water Quality Criteria “Blue Book” , “ ... any reduc-
tion of dissolved oxygen can reduce the e f f i c i e n c y of oxygen u p t a k e  by
aquatic organism s and hence reduce their  a b i l i t y  to meet d emand s of
t h e i r  env i ronmen t . ”

In San Fs- ancisco Bay, d u r i n g  both dredging and disposal  ope ra t ions ,
short term (ab out two minutes )  re duct ions o T one or two parts  per
mil l ion  (ppm ) were recorded in t i m e surfac e w a s - e r s .  S ince  the  water
column in the  Bay typicall y has disso lved oxygen conc .sn t r at i o n s  in
excess of eig ht tsr s-s ine ppm , this reduction prohibly results in nearl y
neg l ig ib le  b io log ica l  e f f e c t s .  In addit ion , d u r i n g  d r ed g irm g w i t h
h y d r a u l i c  c u t t e rh e a d  or hopper dredge w i t h o u t  s - o v e r f l o w  and dur im ig  barge
disposal  w i t h  m a t e r i a l  which has bees--c c l :s-msh elled and r e t a i n s  i t s  c ” —
hes ion , oxygen s educ t i ons  are even less because of limi ted  sedi n , es - - s- t—
wa t e r  i n t e -- r a n t i o n .

A t t h e  b o t t om , dissolved oxygen r e du c t i s_ i n s  were much more pro-
nounced d u r i r m g  both  dred g ing -end disposal hecaus cu of increased sed imen t
loading as - c ’s - i n t e r a c t i o n  w i t h  the  water  mass.  Dredging ~p e s - a t i ons do~
creased oxygen levels by three or four ppm s - s - f l u  disposal by as much as
six ppm as a result of the more m t  -misc loading occurring almost in—
stantaneous-;ly during rele--;jse. Typically four t o  e ight  m i n u t e - s  we-re
requir ed Is_ sr the oxygen c o n c e n t r a t i o n  t o  return to ambien t c o n d i t i o ns .

Organisms r e s i d i n g  in the upper w a t e r  colunin , e . g .  p l a n k t o n  and

s- f i s h e s , would p r o b a b ly  e x per i e n c e  r e s p i r a t o r y  s t ress  if subjec t ed to the
condit is--sos which are gu -nerated near the bottom. However organisms which
live in close assoc iation with se’s_h ims-ments art - offered some protection by
their avoidance reactions , parti cul arl y fish and active invertebrate
specie-u, or by their innate hi gh tolerance for l s _ v  oxygen levels , s- s-

f i s h  e x p e r i e n c i n g  resp i r a t c u r y  d i s t r e s s  wil l begin random m ovemen ts which
may c ar r y  i t  back in to  oxygena te d  w a t e r s .  In bivalves prc s - t .  oc t ieu r~ s-na y be
ci fem -ted by temporary cessat -ion o e- pu mp i ng ac t  iv it  ies us--ct i i  the  a s _ s - v t - s - s e
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u ’ s _ s - u s - s _ I  i t  ion d i se’ont in ca. In a labs> rs -c s - s - s r v e-’X I s - s _’r lb s - s - s _ s -ut . I s - r e - ’ i r u v e - - r t  e- ’ h r a t  e’

$ 

spec ies (Myt I s - s - s s e - h u m s -  i s , C m i  n i ~~r i s _ -~s - s - s - s -i : i  , and S’s- - i d - s i - , l a s - i s -  aujda
and two i sic - i s - s - e - - e -’ s e - s  ( M e > r s - s -  s - s - s - s _ x ; c t  i l l s  s - s - s d  ( ‘

~nnatu ’~~ s- ‘~t or ,u~~~- r u - ~~s- u t u  -s- fr s_ mm
-: Same Franc i us- -u  s- s - m y  we-’re fs_ und to be abl e- t -  5 t e l  cr a t e  oxvg , u - s - s  concens-, ra—

t I on s - S  of two ppm - c t e i g h t e e n  degrees c e n t i g ra d e  f o r  as - y e - - u - a l  hours to
se- ’vera l d s - s - v s-s_ (A p p e n d i x  C ) .  These t es t  c crgan i smn s we-- r e  j uv s-s-ni Ic and - s - d ult
an i n sa l s  w h i c h  ni g l s - t  be less a, s-i s it ive than larvae -ic c -~s - -s-s - s s - , Rut 1 - - tv- c O

and eggs s-i re - - part of the plankton is--c the upper water ce-’lcimn s - s - s - c r c the
dissolved oxygen effects of dred g ing and disposa l are-’ much less severe.

The ability of organisms to tolerate low dissolved e-s-xygen levels
hel ps to insure tha t they dim not succumb t i  ,‘s-s p h y x i a t  iri s-i ds s - r is - s-s the

brief durs - t ions of oxygen redu ct  i t s -n a  caused by drt-d g is - g s_ mr d sposa 1.
Uowever , sub—lethal ef f e c t s  se-mch as impairment of reprod u s _ - t is_s-un or fe- -ed—
ing w h i c h  may o c c u r  during summer montls-s wls -e- s-i oxygen i v s - s -  i l a h i  I it y is low
are not known . Additiona lly, if op e r a t i o n s  take- place near ‘sen sitive
habitats , such as shellfish beds , the e-c-r si at en cc- of s - ’ Y y g e s - s -~ rc d s - m u - t i o n s ,
although inter mit ters-t , causing adverse is-- i s-log iss i l  ef f e -- e- ts when sombined
with other synerg istic adverse effects s-sus -l c cs high . - i s - s i s - s- n d t - d sc- l id s or
te- sis - tcs - s - nt loadi n g is not known .

SUSPENDED SOUDS LOA i~ING

D u r i n g  the  periods when sed iments are c- xc n-oss - e s - s - ( r  d i sp o s e d , a
-
~~~~ fraction s - f  t h e  sediment is lo~~t to  t h e  s c u l l ’  ui mn . li - ,ca ~- e - rta i: s - i s - c -

extent of the adverse effects on s-~Os - s- r s - en  is- -a i - v  sr s e- - o  i t s - s  a ~,1~- ,ur ,’ s- u s - v
— 

~- 
st-,md~- was c u c n d u c t e d  (Appes -id ex C ) .  This rs-s~s - s - -s - s s - s - : H  c c — d u a l -  -~ ~~se I s - s p a -  t s - - f
t h e  p s - c -  se’ s-s - e s - cf t i n e  mm cm p a r t  ic lea  in t h s  r er  ccc l u c s -  B s - s -v  c , s- -o—

- - ~a e - s -n , u . A l u c s - i que f a c i l i ty  p r s u s - i d~~s-i~ I c r ’ s .’ c u 5 s - s c r s - , u  s - s - t s - s _  k ’ s -  on , c u ss - s - —

t h r - s- ’ug h f l o w  n~ w a t e r  w i t h  desired ~;s. sp os -s-~1 - s-s- us-s i  id s- , cos -iu us - s - , t cat  s - s i ’ 5 ~ s - 1s - -s -

employed.  Two types  of commercially processed clay n s - i n e- rs - sl s ,St ’ s - c  s - a i d
as s- s- l i e e x p e r i m e n t a l  m a t e r i a l .  i n i t i a l  se- r e - f l i n g  s - s - s - m o s- s - m f m ’ m~~ s - i t s - ’
k a o l i n , a uniform , low— ;abrs-c si s - s - s - s - s - s - a r t  id e- . E l p l i rcen  s e--s - - lo s of I i , s - s _ i s -  s - rs - s - 1
in ’,’ r t eh r a t e s  w e n t ’ a s - m j s~~e-’e- ’t s-s-’d to eleva te s - s - i s -  es - s - s - r a tions s , f  s - i s - ,-- ‘-s- s- en u s-

-s- to d e - - t e r m i n c ’  their ,sensit iv i s - y. ~ i s - e - -  m e - s a t  S c - s - s - s i t  i’;si’ - ’ s - - s~~s- u s - i a s - . u S  s- s- . re-
s-i selected f-sr more i f l t s  s - s S l V e -  s-s-tud y - s - sins; ,ss _ -s - s - t , s- ni~ c clay. Th i s  . 1 .> ‘ i s

5j dfllf i s - - s ‘n y more abc s - s lye or irs-jun i s - s - c e -  than b ios - is - i b e c s - c s m s  of  i t s  Si:u

(sinai I c r ) a , m d  j agged , i r r e - - g s - i l a r  s s - m r f s - a - - u - s - - ;. In cs - s- s _ I i t  ion s - s.- m a t e r  i s -  1
‘~ showed a hig h ; sir ila rity with t l m u- im ’s.- ;cd i ’s-s- s- - s - c t  di ’ s-aged in n o r t h  Ba~

b o t h  i ’ s -  si z e d i s t s -  i h e s - t i u i n  and miner als ’I’v, ‘u - h u ’ : q u~ s- 1t i s - us - s - ~~‘s s-i 1’. bs-u~
s-s- s - li-i have shown tIi , s - t t h e  effect a of suspended I- ~-s - s s -  s - sri it  ts- s - i s - s - s i r u a t u r o l
sed lui s-ent s  u n d o  c o m p a r a b l e - -  m i s -nd  i t  i - s - u s - s  ar e  ap s - r n-s s- s s - , i~ c i ’s- t h e  S Ta t (13).

The -  ‘ s en t o n i t s o  exp c s - is- -s - se n t s  s-s-- s- - r u -  s- s - s - d c u  - : e g  in ,s- at s_ - s - s -  u s -  r s - i ’  s - - c r
beg inning with sttid i e--s - s - f  thc let s - s - i l  e l f - s t  of i s -u -s - s - cs-nit ~- 1 t v -  t ern —

p m s - r s - c t u c r e s  ( l O (’- and 111°C). Thi s- . was I u s - i s - s - c o d  i’ .’ . s -  ss-’t  s_i l I c - u t  s u ’ s - i  t ’rue

v - i

- r , ~~~~~~~~~~~~~~~~~~~~ ..r’r~- - 
~~

- - - . . - — — r’ - — ‘ —



- ~~~~ —,-- -- ..s-, - — - -.—
~~~~~~~~~~~~ ‘ ‘%s_5’9~~ - - -- - - .  — - - ~~~~ 

, ,, , -~~ -

- - u
~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Ct s - u .n t s. e- su spend ed h e m s -t o n  s - i c ’  at  twin n s - I s _ s - s _ s .  d l s > . u - yu ’ul u s-Xygeri s - c - v u - i s  (2
ppm s-cr’ s-i 5 Is- i ’m) w h i l e  t e ~m s - u s -’ r - m t u c r t -  we- s--u h e - i d  i’u s s - u~~ts - i s - us - i- u u s - u . m i i v  a m u l t i -
fs-ui ’tor experiment was cor u ds - u s --t s_ -s-I in wh i s , is suspended s - u. s - s ’ s - us - site , t emp .-r
atumre and dissolved s_ s - xy gi- s - s we - s-ru’ var i c-u.S simu l t ; u n e - - s _ u u J s i  v . F,ach c,s -xper imes - i t
was run for approximately ten days.

Based on the results of tls-e -~- u , s - l i n  tests , six spec ic- s ~ us- r e  selectt-si
for the more intensive b e s - i t o nite - s - i - x s - ss _ -n is-nents . The organ isms chosen
were: the bay mussel , ~~~~~)s-~~s ede- !lis; the polychacte Neanthes ‘ace- c m e- i-.
sand sh r imp , ~j~~~~on ~4~~~~c~~ da; the-- s-is - s - s - phi pod An isogaus-irnarus s- ant c r y  i r s - s - l a s ;

the sh iner perch , ~~~ atogaster ~ -~~at s-m; and s - s t r i ped s--ass , M o r s u e
s ax a t il i s.  When A. confervicolus s_ ’ould c u t  ice 5 s -s - s - nd in suit is - -ic --nt
numunbers , it was rep laced in the di,’ssos- ve-d oxygen and ruiu lt ifac ’.s _ -r ex-
per iments by the isopod S v nid ot e a  lad s s’ s - d c .  The Eng lish sole , P a r - s - p s - n - s - s
v e t ulu s , was in c luded  in the t cs-mp- - u ; c t u r s . -  e-’xr -r i s -ne l l  b i t  was r e - n i ;  -~e~
the  rems -u in ing  e x p e r i men t s  b y M . sas s - t i ’ s, . l , e s e -  spec i c - s  a r e  ~~i s - e i
dis tributed in the Bay and ,-s-re of s uinsidera s- - ic ecolcug ic s- l~ i ’s- s -p - s - -s- - s - c .
Taxonos-ri cally none are rd ted at  s - s - c  l e v e l  ot  Ord e -  r s-is-I in s t  r u .  - c  -~
even more wide ly  s - c  pai’ u t ed  s- ’’ s-i~s - s .  The r s  - - 

~s - - t  s-
s- se c i i  i i f a  s- - s - L

experimeus -Is are shown is - u ‘i g us -  c - s 25 t o  ‘‘9 i ~~- - s - l i  s - s - p t -, i n s -  - a s _ c e - p t  -ce
p o lychae te  N.  -,‘ Scus - I rcea - Is - s .  - s d - u. r s- s - c e - s - s s - s - rh , s - ,  - s - u s - - 5 - s - s -  - sS i s - >s - s - , , r u ’
c o r r e l a t  i s - a  -f i n c r ea sing  sus -- enacs s s _ s I i - . , - s- Cu-us - s- e s- s- -s ’ r a t  i s - s - i  w i t h  i s , ’ i m l  s . s _

Contr ol m ortal it iss s- were f in  s- r i  y hi s- - I s - , ,s - c .  ,!~,e - -- a u - deaths occe cred in
the t- st ,Iluar i - s- , s-hey folls-iwod no u~~ s ~n i l  -

The l et s - s - at e,s- s -r s - . e-’n t r .u s - i s - ,- ‘~~ . - e - u s . -’ ’ - I e c  -) cs’ Se - s - c - i  ‘ s -  es- -
bay mussel s , ‘i y s _  i ’ s- s - s - -d u i s - -- , s - u . - u  s-s-sacs- s i - we- c’ t a  ~s- -is-

(i.(c s - ) .  -~s s - s -’ e- s-c ’s gr u.~~~~ s - - s -  a s - s  - s i O ; j 4 ’~~u s- u -  s - i s -  - ,

s - s. . cs- ’ ‘? s-ps -us -, u s - u s -  l i t t l c  s - uhf’ s- s. u s- . - -0 ‘ - 0 .  - s - I s - s- - s--s_es, i s  s-s- c-s- I
e , e , -s-,. s - s - e s -  sho~~t — t c rm o x c g u . ’ s - s - s - e c~~s- . . . e .  .s - u  O~ I-~ . - s - s - u i ’S s - s - .  Osi -

of hi en c- -cr -s - j r e s-as Iss - - s - i- rsus-’l s-nT e~~.tm • s - ,  ~n ~s,s --icenr :-’,s-s

h n d er  cu ,i, m s- . is - ,  s-~ i ,
~~s-s- t-~s-~is - ;e - s- t “ , s-’ ” i - s - a: - ‘s - s - t c’- .. .. ,SCs- ,i u. .‘- s - ,

survi’; s-a l ~ f 3—5 c e n t  i s- s - s - is - -s- er sand s-)”- s - -- p .  e - ’ t o s -p u  n s - s - i s- u.ca md~ , wa s-. ~~ s -s -
even in is - i r s -  conce-”i tratiors-s of sin - , u u ,- n s l - - d  . l f l ’ c s - , s - i s - C .  Ss - is -’v I  ‘ s - u i  was I -  - e

at sis-uns-is-m-’r t emper a t u r e . even a t  s c i c u r s i t e - - - > ox v g e s -u  l eve l s .  ;)e c r e s - s - -
dissolved oxygen from sa t su s - a t i s_s - n t n 5 ppm dram — i~~ i - s, reduced t - ’s-
tolerance i s - ;  srmspended b s - s s - t  -c it

I h n  i s - - nod S\ ~ id i i t o s -j  lat s- s_ : stu -s - . u t f e r u ~i I cs- s-i’ -rtal i t  -s is-; I -e
ei s- s - sr i rnen t  . The p l o t s  of sss-rv~ c -s-s L vs - - r s u,s-s cs - s -p - i r e  t i’n~ -~~-c r

~~~~ ib~ n 4  ~i >  ‘s.rc-cs s - ’e s -- ‘ - f  dect  a . -‘f~ i. ,.- - ,s - r i s - - s - s  s--nd r .  s - , u m s  ~xs_ t s-s -’t t ,s - s - s - t
• Sc m - v s - a .  ‘~-r’ 1. -s-se t - e ,is- rs- ::r -u pu s-— l s - r s - - s - ’, - s- s r i s - s ,0 ,,, s - u s - - i at’ s-

t~~~ ’T , A . s -  ,~rs-a l~-~, u.s u ’ ’ - ‘an  u s - m s - cc sir r s - c- s-i t s- s - s - u t nc - f l u .  of t he exp er  s-me -

~as--Iah1e s ha-s-I a statisticall y -si gn s- ‘ican t ~flu.s ct on the 1 s u g r h  ~‘f
surv s-va 1 .
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FIGURE 26 SURVIVAL - CRA NGON NIG RICAUDA
WITH BENTO NITE , GM/ L
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FIGURE 29 SURVIVAL - (YMATOGASTER
AGGREGATA WITH BENTON ITE , GM/ I

The i is - s -p er I fog s-s-i r i n s _ s - s - I  ha~~s . ‘-I s- s- s . - s-i s-- ~u ’ i s -  i ’s- . s-~ s- n o s - s - s - i  I - -s- - - - - ‘s - _ i

s u s - s p u -nd s_ ’d h e s s - t i n s - i t s -- c os - s - u - ’ - s- s - r a m  i c ’ s - s -s I s - c s - s  s - s - i s- c ’s- t s - - s- ’ s - s - - e-- u s -  -t ‘‘ - u t s _ s - - t s_ s-
S’s- rv j c ,ui v,crjed jove -- n - - s - u.s - , w t Ii — _ s - - ’ j ) ( ’ s - l d e ’ s -I  s - s -u .s - i t s - u n  s - t e - _  ‘ -s - s - s- u t ”  S ‘ _ u s - u s - I

d r u ’ s- - s- - t l v  with d i s’s _ s u- Ic u . 5  , -x- ,-
~

, i s - ,‘s u s - s - t u.-;s s - ; u ’s ’ s- t c cr ’ - Ts - , e - s - s -  f ’ s- s - r i  s-s-
sl s s - ’’,u.n c s - u- , s - ’ t s  r u t  in s-i s s ’ u s’ s- s- ’s - , ’-s- , s- s ’s-i— s - s _ s - s - Is- I s-s’ s i s - . s - . s- - a s - u  - s - s m , - , Ss,s - u ’s- I ’ s- u l .

The ms _s - s t  se ’ s- s - - s - i t  i ’  a’ ‘ s- t en - - - I ‘ - r s - ’, . u s - ’  i ss-s-’s u - - — s - -s - s s - s - s - I u-s - i I’i’~~t s - u ’ s - us-

s-s e-- re’ 6—8 u.-e n t i m c - t e r  s h i n e s -  a i - - s - i . t s _  s - s - ’ ’ . t u . -r ug ,~ ’ e - - ,s- s - s - s i  - ‘s - - s- - - 1 ,

— ~s- s - >~s- ,u~
5 s- s s -u , i s - s - - r e s - u - - i u lg  ‘suu sp s s - s - s - s - s I s ’s- i s - L u ~~i - 5 -  (‘u s - f lu  u - f i t s - —  S t  ~, s -is -  s - c s- s - u  - ‘

d s - s s s i l  s - c s - i  s - s - s - s ~ Cfl s - i s - i s _s t ’_ sc p u - ” s c t  us - r e-’ s- ’ s-~ s- s s I - I s - s - s -s- I i s - i  s-u cs - s - s - is -s - ’1 cx u .s S - S i  u ’s _ I s- i

as -c r’.- ivs - m l • 1’s-ce si Ig lu t I- u. s - s - s -  is-s-u s- i s - s u ’ s - ’ u s- boO Ii s ’ s -s - s - u i s ’s 1 5 s- - I  - t

- • h i g her  t e -’lnper. u t s c u s -  ws-u s s-s-i - - s - i r s -iso i s -  s - u  I i u .  s - u l V , ’ s -  s - u  i , ,~ -

s - s - i  s-~ s- ’ s - s -  r u  s- u s - I  c-ra il s ’ s- - u s - - n,. sp. ’ s - is -I ,I , s- s- -s - I s - i s -  s - i  u.s- u s-’. - , ci t - - f e  u s - ’  ¶ ‘ s - mt - ii

w i t h  he -’ nors s-us -i 1 m s - m b i  t - u t  e s - I  t h i s -  s- s - r s -~s- s - s - ’  I s s - s - ’ ’— , s - s - s - u  s - s - i s - s  I _ s - s _ - s - s ’ I i  ,‘ u ’ u ru -i ; c —

u -’ ’is ’s - s - s r  s - m s - s -I s - a re - us - u - ~ s - - ‘-
~~

‘ - s- s - s - s - -  s- i ’s- i s-p p s - s - r n - c r ! 5’ in u s- s -s- - i ’ s - s- is - s- s us - is -- c s - t

w i t  s- u ‘s-cd s - s - I s- ’s-c~ s-c, c - s - s - sc s - s - s -1 i s  s-sc’ s— u. - s - u - it I - ‘ s- - . /‘ I I s - — u. s-s S ‘ - , s -s I  ‘ u ’ - i t  - —

were -’  u ’ s - t l u e - —r i51Vs - ’ r t u ’ I s - s  I s - u’ — — s - - u s - c r  c s - e s - ‘ s - c _ I - s’ s - s - s - s -- s - u i ’ I - s - u s -  - ,s - - ‘s- - s - - u ”  ‘4

f u s - s - c l  i i s - ;s -  i s - ’s - ll s - s - s - s -u u i i t  j c’ s , s - s - I  I i s--s - I s -  s-cu ’t - ‘ s- - s - s - s - s - I  - - I s-i s- - s _ s -u 5 i t  i s - s-. - i S s- s - ,

:‘ s - s- us - i’s-- t u s -l e’r , uuu s- s s - s - i ’ s ‘ s - i  ~, - ~~- s - - (s- is .- s - u ’ , is- i s - ’.’ — s I - - i s -  s - s - s .
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!)i r c - e - t  cpp tI u ’ s - c t i s uu-m cut t h e -’ I , ubos - ’  s- s - u - u  - s - s -  s - I t s - s  u ’ s - , - ,i i s - s c ins - e l d i s - -, ’
pos.I ! a t  s - - ,- j s -  ie -s-s is s - s - u i  p u u s - - u s i b l c ’. s- s - u s - i s - c -. I I I d  ‘p u s - - s - s , u- I s -  ‘ - c s - e s _ I
u- s - s_ m s ls-i’ii u iu. ’d a s - u i ids c ’onc s-’ u i t r . u t  ions  s _ x i s -s - i i s - u t i c ,  - s- - s - s s - u  I s - u r n s - s  5 - - r  s - c r  s - s u d s-— of

u u u i s - l u u t c ’ s-s- , s - s - s - St d s - m v s .  ‘Flu e -’ i s - s - e u ! ids -- ; s- u s - s - s - c -u - c i t  r , s I  i s i s - ’  i s  i nt ’ s- u s - i l t s -  u - c u t  I v  i s - u s  r u - —se - il
with t he-’ s- s - c r i o d i u ’ j t v  ci e - - s - te -’s - cd en t  cm t han  s - irs - - i c- u - i and thu t y p s -  u ’ t  u q u m h is - s - m t -nt ,
.t l t l u o u g h s - u I i v d r . c c m t i c  u - u s - t i  s - u~s - s - u c s - I  w i t h s - u q i l ; m t  is ’ d i s p u u s s - u  I i s - u i l u l  s -s - s ‘ ‘ s - - s -  s - s the
cc ’s- l i  f nu ous  load is-s-p c u t s - s d  i t  ion ge - suierat  c d  j u l the - -  l a b s _ t r , u  t o r y .  ‘l ’hi s--. t i  PC of
es -p e r’s-it i s _ u fl is ext r e -m e l  y ufle’os-s-uxs-moui is - u t Ic e  Bay.  Me - s -r e c us is - um eu ni  , B.c — o s - _ s u r s  —
t ions  s - s - r i ’  s e r f s - u r n s - e d  by t Is-c ’ hopp er  drc ’d ge or u. l a m s h s - e l 1 d r e dge --  wi  i i i  u s - s - s - g e - ’
d i spcs-sal .

The hopper  dred ge d i s t u r b s  a p r u s -j  cen t  ar c ’s-u for  a p p r o x i m a t e - I s- t w e n ty
flui n u m t e s  s - s - I ,i u s - s - i c ’  Is - our  e-’y c )  e n — t i m e .  D uu r i n g  I s - h i s  t irs-ic v a r i ou s  s - c rc - c is u r e
d i s c o nt  in cu ou s l y su b ~ c-ct o d  t c s- r e s u s p e n u i d e d  se-- u i m e n t s  gen e r a t e d  by dr s -ug he s- s-d
h e - ’n t h al d i s r u p t  i ts-u n and overflow, At t he hot s-am , so l ids  c u t s - i c e - n t  r a t  s - s u n s
o f s-s- bout  tw e ’ g r a m s  per  l i t e r  s u r e -- e- rc ’ , s - i ’.-d f o r  several  m i s - s - u n -s he - i s_ i r e - -
r edepos i t  ion occu r s . In the  upper  w a t e r  co) u s-s-sn I t s - ad  ings ‘1 ap p r e -s- x I —

m a t e l y  a h a l f  gras -is per I i t e -s -r  are m i t  i a l  I v  p r s - s d u u -e d s - us - i d € s - l s ’v sc t  s - s - I  l e v e l s
( 0 . 2  gm/I) cs-s i n ex i s t  f o r  t e- ’n to  t w e n s - y  m i s - c u t e - s - s .  The res-s-sa i s- s -d er s . f  t s - s - en
hour w h i l e  t h e  d redge  Is ou t  of  the sure - -a  is - i t r a n s i t  t u ’  suns _ I f r o m  t he’
d i sposa l s i te , t he sus p c-n d e- -e -I  sol ids s - ’ on cu . ’n t r s s - t  ion is at - ‘ s -  n e - u s -  s u us - h i i e - - n t
l e v e l s .

T he suspended sol ids  l o a d i n g  s- r e - a t e - sd by t h e  c la m s h e l l drc ’d ge in  a
pr c s -j  i - c t  a rea  is in about  t h e  same r a n g e - ’  s- s s- s- s- u t s- re st  cs- cl by s - h e  F - s - j ’ s - s - s -- r

d red ge. Hc s-wever s i n c c s -  the dred ge du i s’s Is- u ’ t ws- rk  w i t h  t ics.- —- s-me- - dc - p r e en  of
m e s - b i l i t y as i s - i ’ s -  luo pper  dred ge , t he -- c - h e - v a t s - s - i  - - s - s - I  Hi-u l e t s - i s  s-s- s- , - ‘- s - i s s -  f o r
lo s -s-g e- ’r dur , i t ions at  a s p e c i f i c  l o c a l s - ,  De pend irs -g on t he-- - r s - i t s -  s - -f I r , c s r s - i
d redge  move --m e --nt , d u r a t  ions is-s-s-my var  s- Ir an severa l  h a i r s  i .  - i day

D e s - r i u s - g  release of s - u s l e m r r y  f rom e i t h e r  a hopper d r e d g u ’  - s - r  ba r s - s - u, ,  a
b o t tu i m s -: s-- n s i t  y f low can o c c u r .  The s- s -u sp e - -s-’uded so l ids cofle ’e - ’ l ut  r u t  cc ’s-i s- s e - s - s r

t h e  b o t t o m  i s - us - m y p u l s u -  at n - l u t i s - t w e n t y  g i n s - m s  per l i t  .s- s- I s ’ s -’ . s s -  p r  s - t e l
f i f t e e n  m i n u t e s  w i t h  t he  sujcceed I s- i s- - reduce t ins-u to back ground  1 i ’v e - - i s
r e q u i r i n g  an a d d i t i o n a l  f i f t e e n  m i n u t e - s . Th e-- m i n i m u m  t ime s - v s - l u - F r
d i sposa l  is s c b o u t  one h o u r .

Assuming  t h a t  these  suspended Si ’ ! ids s_ :on i -e n t r a t  is_ ins s u r e  S ’ s - s _ s - s - i s_s - i t’d
c o n t i n u o u s l y  instead cs-f i n t e r m i t t e n t l y  s- s -nd t e - s - m p e r a t u r e -’ a nd d I s s s - - I v e d
oxyg i -ri l e v e l s  a r e  ,s-ut t l s -e ir  most s i r s --s-s f s -s - i cc ’s- id i t  is _ s -n  fs ’r  t h u .  r e ’ s - s -s - - is- s _ i  is -.

tests -  o rgan i sm , in d i r e c t  sips-s-I les -’ c u s - n  u s-f t h e ’ ls-cbors-s-torv s- s tud s  isI s - s ’s-s -s- -u i i t,

wcn u ul d  bus - s evera l  h o u u r s  bus - f ir s ’  t b ’ s - -  l i r s i  di ’ s - s - t l s - .  t s - in ce  t h a n ’s - ’ -  u s - s- s - s - s -s- i t  i - s -s - cu s

s- s - re not  m a i n t a i n e d  in t l s - e  f i e l d , t h e -s- d u n  imp i i c -s tha t t i se - sen ~~~~~~~~~~
and b y i n f e r e n c e -  a! I ‘-i s - u- spes- i s’s-s t e s s - s - e s -’ , wo u l d  he a b l e - ’  to s-ours’ i t ’ , - t h e

- ‘  su spende-’d i s i s - l i d s  cs - is - s - cent  r a t  l o s - i s  p e - ’ i s - s _ -  r u s -  i’d bs- Ps-m v s - I r e - ’ d  s- -, is - ig ,us - id d l a p s -  ‘ s - s - m
a c t i v i t i e s , ,-u i t h o ug }s- i nd i v i d c u s s - l s  ms- i s- hu. k i l ie - s -cl .

A i t h s - c u g h o r g a n i s m s  ms - s - v Is ’ a h i s _ ’  is ’ su i r v i v e  t h e - -  in i t  I a !  i n s - s - u i s - s  ‘I
ii s-~~I tom d i s t u r b a n c e  s- s-nd ; u s s u a s - ’ i s - u t e-uI h i g hs - s - s s s - s — p u . - ’s - de c l su s - I !ul s - s- c u ’ s - s - - e n s - i t s -  u s -  i u ’ s - l s ,
t h e re-’ i s  u p u s - t  e s - i t  s - i l  I s- ’i s-s- e-s - u ’ u s - s - i e - I s - s r y  ,u i l ~ ’ s _ - r  si p I n t s -us - s - s - s - ens- 5 s - h  i s ’s,- i s - s - , ;  t i c s - ’
d i r u ,’s ’ t i u s - i  cs -r ae-’ t ion  lie-- i We - e s-i s - l i e ’  u - p u s -  i p f lus -  f i t  ,us -id t lie -ued in s - u-I s - u - ! u s - t s- s - c c- s - s - s - i n —

s - s - c l , l u r t i c e r  h i u u l , 5’ . f u ’ . m I s t r s - -s _ s m s - mv i s - - , u c l t  i f s-s f ! u u t ’ i l u ’ s - u -u ’  s - s - m s ’ s - u ’s - I .
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T hi s-; l a y e r  s - s - cs - s - v - s - s - c s - s - s .. uc ~n b 1 s - - s - t s - s - s -  be subj u ’ s- t ing s- s - os - i—mot i l e  s-species to long
p e r i o d s  ‘ - I  h i g h s ’;usp e -’ r u s - I c . i  s - o - I  i s - h a  in s - i  I aw -U s - s - s o l v e d  oxygen . F i l t e r
f e e d e r s  i s - s - s - v have t h e i r  g i l l s  s_ ’ i s-ss-’ged , s - c o -  ep ibe n t h ic spec ies may f a t i g u e
Iron hav ing t s _ s -  swiss-i for  long p c-i i s - s - s - is u n t i l  c o n s o l ida t i o n  of the sed iment
o c c u r s .  In the disposa l ,cre s- i i i i s -~I c d e n s i t y  ms-id f le-uws s-nay f o l l o w  impact
of t he released mate - - i  - s _  w I t s -5 the butt es - s-i. The se mud f lows  t y p i c a l l y
have suspended solids’ s - s - o n c e - o s - t r a s - i o n s  g rea ter  than  ten gram s per l i t e r
and ex t remely  lo w dissolved c-s’i,-, e--s-l l evels. The period of tim e necessary
fo r consolidation varies iron s- is-ours to days , thus creating a period in
w h i c h  the environment  would be ex t r eme l y s t r e s s f u l  fo r  hen thic  and
ep ibenth ic  organisms.

The p s - s te - s - ri j u l  s_ s - f i m p a c t s  Fr s-rn h i g h sus - s - s - s - s - ’e r c sh i -d  s - s - l i d s c o n c e n t r a t i o n s
mi ght be reduced by l i m i t i u s - g  o p e r a t i o m ’ s to winter  per iods .  The r e s u l t s
of the  laboratory  stud y i m ’ i d i s - s - - u i e d  that the biolog ica l  ef f e c t s  ci sus-
pended solids would s-s-c’ less severe in w is s - ;es - than in suns-ncr (App. C).
The typ ically i s- i g s - u u s - r  d s - s s s - s - i v e c 1  oxygen l e ve l s  would iu s - c r e a s - e  the survival
a b i l i t y  of al l  spec is --s s tud ied . - .s t es - s - s - s - - s - s - s - ct u r e s  wou c , -1 increases- the
suspended solids toi -s - r s- s- is -c of the iru -s - e r s - u,ss -u ’, s-te s , but sli gh t l y  dec rease
tha t  of the f i s h .  H owever , c h i c  slig ht  r s - - .: c e - s - t ic ’ s - i wou s - d likel y be offses-
b y the  in c r eased t o le r s --s - n s - - e  s-s- Is- iu i~~hs - d isso I s - c d  oxy’oes-l le’,e-- ]S. In winter
t he re  would a lso be fewe r act I s - s e t - ,’ r i s -p r od ec is-i g a d u l t s  and fewer larvae
and ins-mature stages present , wh ich may or s-nay not  be more - e n s i t ~~v e  t o
lower suspende--d  solids c c ,n ic er s - t r sj t ions t ’ - s-r c tIs-o ad u l t s  s tudied d u r i n g
these labo ra to ry  e x p e r i s - s - u e - - s - s - s - s .

UPTAKE AND ACCUMULATION OF TOXICANTS

The sed iments  a c t  s- s  a rs - s- — -u. - r - ~oir For i bis- ma~ or m: y s-s f c on s - s - t i t u e n t s
w i t h  c o n c e n t r a t i o n s  In the  p - i . s - s  o u r  s - s - s - i l l i o t i  r an ge-  se-he--re,s-s- th~ overl y i s e-
waters  have concen i s-ra t i c ,ns  in s- he-, ‘ - s - c s’- - n s -’ts per bill ic ’n and p a r t s  per
b i l l c c - n  range.  The s c - a v s - ’ I s - n i : s -  - es - I f s - c t s - u i  c l ay  as-id s i l s -  par t i c l e s  ds-n s- s-is- ’,
ths -s- s s - s - , i n en t a t  ion process is re r ,i s - ’u s ib le  for  the higher levels of trace
elements . r ’I ,~ s r ’ trs -ated and petr-.s - l s - s -s- rn hy drocarbons , e t c .  I s - u  bo t tom ,ici—

posi ts .  Another eels- s-s t it  s-s- cot  - n~’ m r s e e ’ s - s  s - ss - s - I ( s - cs- ,~, ca n be gen e rat ec t fci l l s c ’ s--j —

ing depos i t i on  and s- s - os - i . s -’ s - i d~~ s- i s - s - I s -  us- s- f sed .e-ment par ts -iculates .

~ l s - s - s -fl s--s-s-dlments ate e s - i  ‘s-c’s_ i I s - s s -  s s - r l s - s-uj c-r l s - s - s- i s - s -  per iocs- ,~ wi th  decom—
r s s -  is ’ e ‘- han i ~ m s - ut t e r  s- s-, s - c  u~~t cc  ‘~~e - s -s- t l f s - - v i ’4 r c  sp e tc  m will
use s s _ s - l  fe te as a hv cs - r o gs -~n u . m s - : s - - e p t u r to f o r m  s - ’ y s _ l s s - s - g e - ” s -  a s - s - I s - i d e - -. This
cons-pound is ex i r c ,  7 s -nx ic  to organisms.  It, not onl y combines rap idl y
w i t l u  oxyge  to reduce the a v s - u s- i u . u h l e  l evel for r e sp i r a t i on  hut adversely
a f f e c t s  f i s h  egg h a t c I s i n c  as s -e - . - l ~l s- s - s  U - s- a nd j uveri l e s u r v i v a l .  The
genera tu ’d hydr s - sg es - s - s -  s u l s - I s -~ q u i - . k i , v s- e ac ts  - ,- c J s -  a va l l ab l ,e t r a c e  e l e m en ts ,
pa r t  i cu l a r l y  i ron , to fct rm is - s-a’s -i I s - s - I s’ i s - omp c sun ds  s-s - s- u s - n h  la s-k these s - s - s - - s t e -
t o x i u s -  p r o p e r s -  i s-; . WIse-n u s - s - on i-i pr s - s -s- -uent  i t s -  s-is-ce se d lrn es - s- s, the u’c s - s -~~ e - s - s - —
t ra t  ion of tox ic  i s - t u i f  I s - u. ’ L s - s rs - s - s - ’u - u s - s - s - d ’ i  may r e - s -m s - s - is - u I t  low l u s - V e -  I ’ . ( h e - s - o w  1
is-s-i’,! I )  (1-u ). Si ’s-n.- and M- ’ ‘c’ .‘s - p p s - auJ ix fl I s - u ”  s-I the f s _ ’ e-’c ’ lu v d r ’  ‘n
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sulfide values in the interstitial waters of Ss - s - s - i Francisco Bay sed iments
were below t h e i r  de tec t ion  l imi t s  (<0. 05 - s - s c s i s - -v et s -  thoug h the  t ota l
s u l f i d e  concen t ra t ions  ranged f rom 1, 000 to 3 , 000 ppm . They suggested
t h a t  if h ydrogen s u l f i d e  was f o r m e d  in the i n t e r s t i t i a l  water  it was
qu ickly t r ans fo rmed  to insoluble coos-pie -xe -s before build ing up to mea—
surable levels. The sediments iii the Bay have a reservoir of approx-
imately 5 per cent iron , thus sufficient quantities of this metal are
avai lab le to par t ic ipa te  in compl exing r eact ion s t~ 

5 lssipate potent ia l
h ydrogen su l f ide  product ion . A c c o r d i n g l y ,  in San Francisco Bay this
toxican t  is not considered to be a s i g n i f i c a n t  problem during dredging
or disposal  operat ions .

Other chemical reactions occurring dur ing Bay dred ging and disposal
a c t i v i t i e s  are p o t e n t i a l l y  b io logica l ly  important  and include mobil iza-
t ion of t race elements , release of hydrocarbons , and release of ammonia .
All  of these phenomena have been observed in both the laboratory and the
f i e l d .  However , these demonst ra ted  changes in water qua l i ty  did not
produce analogous e f f e ct s  in impacted test organisms during two f ie ld
exper iments.

A s tudy (Appendix H) was conducted d u r i n g  d redg in g operat ions
between September 1973 and May 1974 to de te rmine  whether these opera-
t i on s released heav y met al s from the dredf’ed sediments resulting in
elevated concen t r a t ions  of the meta ls  is-c a d j a c e n t  sediments or inverte-
b ra te  populat ions.  The conces - i t r eu t ions of the m et a l s  silver (Ag i ,
cadmium (Cd), copper ( C u ) ,  s ’s-ercury (Hg) ,  ni cke-s~ ( N i ) , lead ( P b ) ,  se-
lenium (Se),  zinc (Zn) and the element arsenic (As) wers -s- monitored in
surface  sediments and the inve r t eb ra tes  Macos-s-ia ba i th ica,  Neanthe s
succinea, As-npelisca mil ler i, and Isc h a d ium  demissum collected from
s ta t ions  adjacent  to and outs ide  of the drer i ge zone before , du r ing , and
a f t e r  two dred g ing periods.  ~1u n sel s, ~~~~~~~ edulis , were t r ansplan ted
from Tons-ales Bay to s ta t ions  irs-side and ou t side of the dred ge zone s-in
Mare Island S t ra i t .  Cis-anges in the concent ra t ions  of the above metals
were monitored and compared wi th  the  meta l  ce -unc en t r a t  ions observed in
nat ive mussels in Mare Island Stra i t  and at Tomales Bay.

Lead concentra t ions  were monitored in water  and suspended p a r t i c u —
lates collected before , during and after two dred ging periods. Analyses
were performed on raw water ali quot s  and on water that  was c e n t r i f u g e d
to separate suspended p a r t i c u l at e s .

A laboratory s tud~ was conducted to determine the  e f f e c t s  of sal in—
ity and metal conce~ tration on the uptake and accumulat ion  of the
chlor ide salts  of the me ta l s  Ag.  Cd , Cu , Pb , and Hg by M. b a i t h i c a .  The
clams were exposed to th ree  sa l ir s - i t i e s  (4 .8 , 12.5 and 25 p a r t s  per
t housand ) dur ing th i s  nine  day exper iment .

U n f o r t u n a t e l y ,  the two periods of dredging activity coincided with
the two period s of heaviest rainf all for tIe - - year. Salinity decreased
marked l y in Mar e I s land  S t r a i t  dur l u g  the per iod of s tudy  w~,t h  the
lowest s al i nit i e s  being observed at s t a t i ons  f u r t h e r  up the  stra i t .
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M et s - s - i  cc ’s -s - s en t  ru s- i e -un a in sod imes-m t s a s - s - u I i s - s - s - s - i ’ s -  t e-s- hr s - I  u ’ s - -  s- s- t us - s - It’s - I

dur I rug th e per iod s _ s - f  s t ud y. Wi t h the - ’  e,xs - ’ - p t  i ‘is- s_ sf s-s - s- s- k u  I s- - s - us ent r ,u t ions
i s - c  N. Sus--cin (’a, ne) s i g n i f i c a n t  c h a ng e s  in m etal lu - s - u ’  s es-e s- s - s - a s - - a s- i s - ct u ’ d
w i t h d r ed g ing act i v i t  ies a l t h o u g h s-- s - i g n i f i _ - s - c s - i t  u p t 4s- s s - s - i d d s- - -- .us - rpt u s - n d i d
oc cur  t h roug h out  t he s t ud y area . ‘I ts -i ’ c hanges  in rile “i- I s’s- - r e ’  s ir s - n i t  —

ie -- a n t l y  g rea te r  a t  s t a t i o n s  o u t s i d e  of t h e  dredged v s - s - u s - c  s i s -g g e - ’ s t  irs - g tha t
d r edg ing  may is-ave i n h i b i t e d  n i c k e l  s - s - e - ’ c u m u l a t i e s - n  in t s - s - i s  si ’s’ i e - - s .

Con c en t r a t  ions of the  nue-s-t I s  Cd , Cu , Hg, N I  , Ph , Se- - , cs -id Zs-i we- u

gene r a l l y two t o  t h r e e  t imes hi g her irs- nut lvi- M.  odes- I is t Ics-s-n in Tu im ules
Bay s_ - o n t ro l  a du r  ing t h i s  per iod . However , m e - s - t a t  s- s - s - u s -  u - s - ut s - u s -  i t u n s  wer s -  not
sig n i f  i c a n t l y  d i f f e r e s - s - t  in M. e d u l i s  t r s - s - -s - s p l a s - i t u - d  t u u  ut s - - s - s - S  s i t h i n  t h e
d redge zone than  in m u s s e l s  t r a n s p l a s - s - t  u- s - I to  st at  I n s - i ’— u s - u t  s i d e  et t i c .
d r e - - d i ’ i n g  , s - r u .’s - i d u r i n g  any c-n i i s - s - c t  i on .  M s - u - - s-s - es - l a  s- r s : s - c p I . u l s t  ts-d t o  ‘ l , s - r e - -
Is is - s - rid app t s- s-s-red to ac cums -s-l;s-t e-s- t ics-s mi-i s - la (‘ s- i , N i , s - s - c u-” Zn a s - s - eu . -  I s - s - m a t e s
R,s-~’ e-’ u ) f l t  r o l  s_ u u n u ’entrations. However, s- - s-s-s . t ut was .u .  s- i s - s - i c i c l e s -t ed I’’, s - s - C a n S -

p I . - in t e d  mu s-s e - - I s  t o  ts - s - e - -  l e ve l s  u s - b se - ’rv- ‘1 in  s-ni,is— ~s- i s  s - I t s -  j V &s - t s - s -  “ i s - r e  is - - l an d .

I s-c ’-  conc ent r a t  i s - u s - s -S s- s -f I us-ad is-I us - s -u u - i s -  t r s- I s - u i ’ s - a l  wa t • r s - s - cd is - c suspended
s - u - a r t  i c u l a t  cc increased d u r i n g  t h u . - f i r s t  d i c u i g s - s - i g u - r is - s d . I s - s - m p a r s - b l e-

e- lt. ’ iges s-u.s - r u .- not ob served d u r i n g  the ’ ‘, u ’ c e u s - s - d  d r e d g I s - s - c  1s- .s -r is - s - s - i ‘s-ri gg s--st ing
t l u , s - t  t h e  s - s - bse -s- rved c h a n g e ’s r e s u l t e d  f r u s - m  s u s - r i  - s- - u. - r u n o t  d c s - r  i n g  t h u  f i r s t
r u  i n s torm.

The r e s u l t s  of the  n i n e  day l a b o r s -u t  - r v st ud ’s- showed t i s - c t  t h e

s - s - r -, i t eat uptake and au -cumulation is-i M .  h a s -  i s - I -  - , of t he - - c s- s - i t s-’ i de  ca l l  cs-
t h e  rnu - t  s - l a  A g ,  Cd , Cu , Hg ,  and l’s - - ocu ’urr s - s- l ~~ s- s- l ice s - - i ; he - a t  - , s -n ’ e- - n t r , s —
t s- ens -a oI th e se  m e t a l s  in t h e  lowest as - s - u n i t y  v s - t  is - I . t ’i g u r e  lb she s -ws the
r e s u l t s  for  mercu ry  salts. The g r e a t e - - ’ - s -r desorp t  i s - s-n - f t h e  ms - - i  s - l a  N i ,
Sc , Zn and e l e m e n t  As du r ing  th e  r i m e d ’ s - v  ] ah o r~’ c ts _ s - r y  a t s - i d y u u ’ u ’urred is-i
t he c lams  exposed to wa te r  w i t h  t h e  l s - i g i ses - s - t s a l i n i t y .

i s - h e -  inc reases in concer i - 41-

t r a t  ions of t h e  m e t a l s  Ag,  Cu , -
Hg,  Z s- s- as-id to  a lesser e x t e n t  s - s - -e - ‘

Ph in M . b a l t hi c a  at a l l

c rease in th: s e-s- co nc~~n t r : i t i ’ n s  
~ ~~~~~~~~~~~~~~~~~~~~~

5

~
-
~~~

-: ~~~~~~~~~~~~~~~~~~~~d u r i n g  t h e  study, e ’u s - r r u ’ l a t o  s- 5 c” -

wed w i t h  t i s - , - rests - i t s  s - s - f  1s-e ~ u • s-. s- ,, .s- ~e--~r
lcc I s - o r i t o r v  sts -j d y w h i c h  showed ~ ‘5

t i c ’s -  g r e - a t e - - a t  u p t a k e  u s - f  m e t a l s  ~ -~
us - us - ‘es- cr d t  t I s -- - I - ‘we ’ at  sal  i n —  - -

i t v . 

h 

ra hs-r og

d re d ge- per j ods r e se - i l  t ed in - s- 

ms - i rk s- il d c - u - r u ’ s - s - s e - - s  i n s a l i s - i i t v  
--

~ s - _s- o s- ’

s - i t  tho se-’  t mu’s and s-c g s - - a e - - r s - u l s - -,, . ‘~s- 
‘ s -  

u, 5

dc’ s- re ’ s - s - s i -  i n cs- i l i n i t y  d u i r  s- rug ‘ ‘  -

t hs-s- s - s - I t s - dy .  
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‘[‘lie ds-s- t , i e ’ lit a j s- i e ’ el e-I es- r I uug t s- i I I . - I ci a s -  i s - e l  i s- s- s a s - s - e l  I i t s- - i s- , s -  I t I i i
c o i  i s - s - i t s - u s - n  z s - s - s - d  . s - s - i i l y t  i i a l  me t hod s-s i ’ s - s - s - s - - I s _ u s - i- I  d u s - s -  l u g  t I ‘. - t s - u s -  s - s -  s-s -s r . ’ u - u - —
D r i i e - l u s- ’ i t s - l u .  s - cs - cd ‘-s - e ’ i s - S s - t  l v i ’ e-s- s - u e - u u g lu t o  ( I s -  - u ’  t ‘— . i i s - , d  h h s - s - u t  c s  u I l u ,  t e s - , c s -  - s - . -

t h e -’ ‘ s - s - s - i e - ’ s - c t  r a t  i s s u e s  of t l s - e s u_- s- s - i  u . s -s - s - s _ s - i t S .  i t  I l u u ’ t e s - , u l  i ‘ i s ’ -. s- s e  e - s - , r r u ’, s - . c - .
r e - s - s u i t  s - s - f  d r e --d g i s - g  , c s - t i v i t  is - s -s , l i ce - - c - I s - a s- s - g e - - a  w e - c e  i c - s- s  t I s - , u s -s- t I c e - - s - -s - ,  ss - s - s - , u s -  I
r s - s - a t u r a l  f lue - t uu t  ions a n d / u ’r  s - u j  s I c ’u r t  d u ra  t l o s - c  -

A s e e - s _ s - s - s - s _ I  s - - s - t u c l y  (A p p e n d i x  1) ‘- s - s - s  c s - s -s - s i t s - s - t ed d u r i n g  - u  d i a p s - s- s - s - , s - l n d  u •~~

tion t Lu  ascs- i ’ r t z u i s - s -  i f  c - lie s - s - s - i t- s - c l re -s - I s - t i c ’ s - i s  re - a s s - I t ing  f r u s - u n  t I c e - ‘ ‘s - s - s ’ s - s - s - i  i s - s -r u  i n —
crea s-s- s-s-d t h e  a v a i l a b i l i t y  of S c - l i e - t i - i l  t e s - x i s -  a s - i t s  cur  i s - I  cu t  I s - er  s ’s- s-vs i ’ s- s- u ’ -s - s - -d
s i gn i f  ii’s- s -nt  adverse- -  h i o l  og is - - s - c l  e-- ffec t a .  h Ice - ’ is-s-vest igat is- s - s - i  was s- - us -ri de s- t i - I

J s - u r i r a g t h e  r e t  is-u - s- se of 10 , 000 c u b i t- s- l int er a  of s - s - p o l l u t e d ’ s - see-I i m u - s u s -, a ut s - i n

e x p e r i m e n t a l  d i sp a s - s - s - u  I s i te  in Ce ’ s - s - I  r a t  San l- ’ r s - c ; s - - s -  15CC ) Bay. Six stat ins-is
wi re  e s t ab l i s i c e - i d  s-it t i s - i s  I s _ s - s - - c t  ir s -n .  ‘1 I s -r~~e- - i n n er  st s - t  i s - s - s - i s  we - - cc -  I ( sb m u.- t  o s - s
i r e - s - r n  is- he i n s - p s - u t’ pci m t  of t lie-’ re -- I s - - u  si ’ s - c s - i s - I  i• : c- i - s_s -c i t e - - r  were - -  100 ‘ - u t s- - u - s

f r o m  the c e n t e r .  I t s - c  s_ c u t e r  s-s- I s - I t  C s _ s - s - I S  s - -j e - ’ri ’ ’, s - i t u a t e d  au .  a sul s - i c  i s - - s - s t
d i s t ; c s - s - e -’ e - -  to  he u us - i r - d s - u s  s - e - ’ I s _ - u ’ e - - f l u e-’ H I s -s - I  i ’ s - c S  i - ’ s_ s- ’ i V i i ’ g  no i s - u -  s - s t  i i s - e—: t a
d i m i s - s -  i s i s -ed  e f f e - - i- t  f r u ,s- m t h e  di sp es - s  s - I  . Is-c s - s s - s - s - i’ en t  r a t  i~s-ns c s-u  ts- , s- - l s - ’ ( ’  i r s - c s -c
u,s-Iern u,-is - t s (A g ,  s-\ S , Cd , Cr , s - l u , Is-c , Hg.  Mn , Ni , ‘b , Si’ , ann ‘- us - ) we re-
rne -s-u i i t o r e - - d  in se d i m e n t s , s u s p e n d e d  as-id - s - c t t  cd s- s - s - s - r t  i c - u i - c t  e- - -s- su. I e c ted
b e n t h i c  i n v e r t s - - I s - r , c t e s  ( M s - i c -ems-i n a s u tu , I t-c t  i s - s - a r i a  c a l i l o r n s - u . i a i s - - s -, n t v l a t u s - l s - i
d os- s-u-s - u t - u , Tri te-ss- ia d i - s - r n u ,- d s - ; s -, C ’ I v c e - s - n i s - , s -  - s - s - s - se - -  r s- s - is - : , ,- und C , r s - u I  s - - ’- s - t s - ,~ and
tran s--s-I ) I s - n i e-’d me - s- sac i s , M s -- I  i l ’ s - s  c U s s - !  is - i  - 1 s - s -  is -- ‘- s--s- u 1 a w e - u - u s -  s - l a s  - ‘d is - i N s -s - s - cx
bags and suspes- ided  1 , 1 e s - nd  7 m e t e r s s- s - I f  h e-’ bot tu s-s-s-s- s - i t  i c ’ s -  h s t - s t  i o n .
A l l  s t a t i c ’ s - is u~’r e - s -  ifl s- s - p p s - ’ s - - s - ’ ; i ; i ’ : s - t e I -, I s - )  s - f l e - t e -’ u ’~ - ‘ I  is-’- u t e s - r .  Cu -u ; ,  e’ i s - I r ; . t  i -  s - s - s
s _ u i  e-’ I u l o r i u c : I s - , ’d l s -y c l r - s e- - cs - - hors - s-s- (DD’I , s - s -I n . ,  I s - d i  s - i s- I ” 1 cc ‘s - roe  ~,s -s- - .~~

‘ s - )  s_ - e --’ s -’s-

s - s - i  , ;_ ‘ r n s - s - n i t s - ’c -s - l in  — ; e - ’ s- i i s-s-’-s - - - s t , sa t e - u -  s - s - r u s s -  s - s - s - u s — c - i  a b o f ,  r u , s - u s - c g , c u ’ s- ’ ,s- u - u - r
Its - c t’ e i - , ’ : s - ’ .r’S . h s - s - t L e - ’r q u a l i ty  p a r ar n e-~ s - u s-s-ri’s - s - s t s - u - ’, sa l  i - i t s - , i s - I S —
s s - ’ l v e -’d s- s - v ‘ s -I i ’s - , pH, s - u t  r s - s - t c s - s - s - s - i - I  s - s - s - u - s-on i s -  : 5 r i t e s - i )  s - i c - re - -  s-is -o s-s 1 t c s - ;’ - ’u I dc i’ r ’i n g
t h e  d i  s - p s - - s - s - c l  u s - s - s - is- , I  i o f l s  s - s - s s- s_- c-r e  t i s - c ’  s - s - i  ‘ d s - i~ s- - s s- iu ’t’s-s- t rs-’u ,_ i , ’i ls - s - s - s f  u ,1 , ‘ s - u  - Hg
and  Jr ‘i’ I~~ s- s,.s -s - - t s - er  q i s - s - c I  i t ’ s- ’ - ; sr . s- u u .  I - - I ’ s--. s- , e - , u h ’ - s - a r n s _ s - n : t s - r e --u 1 ‘ I s _ s - u s - n e -  ‘ s - u ”
I s - s - s- s i r  u ’ s- ’ l  l i ’ s ’ s -  i s - s - s - s - H  Os-il ‘ s - - u s - t n  r u - i  s - c  t - )  , s - s - u h s - s -s - i s- s - s - s - s - i L l )  f ”  I s - s - w s - s - ; g  t i ’  s- ’ i - g ” e s - s -’ s - I~

o per a r  s - s  is . s- r u t  s- - i s - s -  i - u t - s - I~~ s - u s - i s -s- t a l i u ’ S s - i u s - s - s -  t I c -  s - p s - r a t  s - s - n a .  hi d i . - I ’ s-i saL
i s - p u s - r a t  h i s - u i  L o i s - k  i ’ l s - u c ’ u’ s - v c r  s - u ‘s ,~— l,. s- ,r r -  s - i - s - -  ( ‘ —

~~) l’ s- ’ hrs - i , i  ‘.‘ 1~ s - 7  i )  s-~s - , h i s - s - u
se-s- v . - n r h e - ’  s - -ri’S s - I s _ s - r n  t t c , - s - s - s -s ’ s - s - e r - c I g e  l \ R I T N s -  s- s - i’ s s - i~~ s’s- s-ic ’ s - r u n  iz’’d s _ - . u
si , s - s - s - k  w n t s -  - -  s- es - n.h I l l s - s - is - -,. F• s - I  i - - s-,-~

, s- 5 ‘ s- - l u - - Si ’ , i s - i c r  , :s - u s _ s -  - s - s - u ’ s - i s - s -- is - s- h s- i

par ti s ’s - u l s - t - ’ ~ s - c s - :, - s - h i s --s su ’ re  s - u s - I  I i ’ , l c d  u - ‘ i r s - s s - ; - -d s - , s - t s - s -  s - cs - id I U ’e - s - s -u’ e i s - s  , ‘Si ’S.
I s - i s - c d d i t  s - s - i s - i  s - c s - t h e - - c  L c b - s - s - , u t  - i ’ s-’ s - g u s -’ l u - -e s - s - s - r e -’ s- s- u s - u - Is- s- flh i , I s i l l  s - I s - I  s -- s - s - s - fl, s - -ri s - t ,s -,

J’ c ” - t  i r s - a s -  Li - ‘ s- s - I  i f e - i r s - i i u - s s - - s - i s , ~‘ d M s - i  i h s - c s - -- i - i t s - s - I s - s .

l i i .  exp e ’ r i s - s ’ s - i t i l <l i -i i ’s-s - - s - u i  - ‘s ’ s - c s -  s ’ s - u  c s- id s - s t  i i  s- e- ’ s I 1 1 5- c , s - I e ~f l u ’  s- u t

( ‘ O s - i u - - s - s - s -  s- i t  s- a I s -i ‘s - i t i d e - ’  I s -c ’ s - i t  u s -  i u s - s,’ ,; r i  e I r s - i t  i ’ s - ,  ‘ - ‘s -m is - l u ’ s - , ‘ s - s r i s  s-lI u s - S s e  5 ‘5

t r :s - s - s - s- s -p I s - u s - - I ‘ s - i I us - 5 h i s -  ci i s - s _ I - u u S , s -  - c r c ’ s- . I l s -~~s- ’ ( s - s - i s - f  s ‘1 1 ’ s - cl  - i s -s- ’ ,i i s- ’ s - i  - s- ,s - u. I u - ,  —

t (us-ui s-s a s - I i - s - I s -  - cs - i I a I - - i i : ;  s- s - u I s-i I s - u s -  - 5 i s -  c ’s- 1 —s - I s-g ut I \‘ u s -  i r i g ‘s - s - u - s - s - is - I — 
~s - U  c s - l

as -  t r ek  s - n h  u s -  s - I  s- , u s- - - ‘ i l l s -  I - . I u’ s - s - u ’ I a i s - i  s-in s- - - s- I -s- s - up n s -  i s -  u s -  s- s - c ’ s -  s- - s- u - ‘s- i ‘ s - i  I t 5’t u s- ,l

h ’5 t h e -- <I i s - s - g u u s s -  I ‘ ‘ h s - s - r ;ut is - s - Is -. Is - ilk s - s -’Vu ’ I s - i u u  r s- ’ . u  C u t s- s - ; l g s - s -  i s - ’ l e  u s - s - I  v s _ s - u n s-i
‘s - s - s ’ s - s --S e - I s u t  a t , c t  i s - s - s - i s  s - s -s - u t s i u . I e- s d  ; s - s -~ irs - s - s -s-i s - ; s - , s - t .  u I s -, s - s - s - ’s - - s , d l  , s - i ’ s - ;  i t s- s- s - s -’r ’
c e n t red I s- , - I i ’ s ’s- s - i  I s _ i s - s - s  u i - i s - i  i s -  mus -  s ee s - ’  I a s -’ s - i i s u il i , , s -  e l  - - ccl I - i ’  , u ’ s - s- - s - s . - U c

p , ’ - , , ! l  - ‘ ‘ ‘‘ ‘ t i ’ s - ’ . s - I s - i s - s  u ’ s -  l
’

s- ’ I s- ,s_’ i e -  s - s - u s - I  c s - s - s - u s - i  - u t  s - s - ’ t s - s - s - e x t  - s - s - - s - i r e  i s -  c a s-u.1 .
s - s - s - s ms - s -s-i t - s- I s - u i  . ‘r . S s - u i s -  ‘- - u j ’ ! s -  s - i s - s - ’ , ‘ y a  I - - s ! s - s -  ‘‘s - s d  i s - u t  t I s - i  - I s--g u s- s- s - s - s - u  I 5 ’ s - ’ ’ - i - t s - s - s - i

I u . s - d  no e I f - c t  e s - u s -  - cs - o s - s - s - s - s - i s- s - u  - I u- s - i  ( ‘ c s - r n  I s - s - u i  u - u s -u - i r I s -  ‘ s - s  I , ‘s - u i s -  5 - s- - i s - i ’ ; - - ‘s- i t ‘-, -

(‘s- s-tnp .’i s-’ s- s - is- I c s - u- s - - s - s - I s s-s-- s - - i ’ s- - - ’ h i t - s - i s - s - s - s - f  s - u ’ s -  s - cs - s - l i t ’ s - s - i’ i s -  ‘ - s - i s -s- i s -  s - i s - i ,

‘s- _ i s
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‘ftc’ labora tory stud y showed tha t (,~ ) us - s - e ’re u r y  I I -s - u. s- I s - u t  ins - c was
a c c u m u l a t e d  f r on t  sea wa te r  at a l l  c o n c e - - n t r a t i s u s - us b’s-’ - -  s - ass - u l a, P.
c al i f o r n i e ns i s  and M. e d ul i s .  ( b )  l i t t l e , i t  a n y ,  I ’  was s - u e c u n c u l a t ’ - d  by
P. e-’ a ii f o rn ie ns is  from sea water. Ccs-s- i tro l animals c u s -  s - h i s - i  spec i e-- s
desorbed lead d u r i n g  a 15—day e x p e r i m e n t .  A slig ict u p t a k e  of Ph was
observed in M. nasu ta  when these an ima l s  were exposed to t h e  h ighes t  Ph
concen t r a t i ons  tested . Pb was s- se - s -cumulated by M. edu l i s  at all con—
ce - ’n t ra t  ions t es ted  wi th  desorpt  ion occur r ing  in the  c o n t r o l  musse l s .
(c) Cadmium concen t r a t i ons  decreased in P. c al i f o r n i e n si s  a t  a l l  con-
c e n t r a t i o n s  tes ted . Cadmium was accumula ted  by M. nasu ta  exposed to
h igh  and med ium c o n c e n t r a t i o n s , w i t h  the Cd c o n t e n t  of c o n t r o l  a n i m a l s
rema ining cons tan t  throughout  the exper iment . H. edulis  accumula ted  Cd
l i n e a r l y w i t h  t ime at a l l  exposure c o n c e n t r a t i o n s .  The Cd c o n t e n t  of
con t ro l  musse ls  was cons tan t  th roug hout the expe r imen t .

Based on these two f i e l d  e x p e r i m e n t s , Bay d redg ing  and disposa l
a c t i v i t i e s  were found , under the conditions of the exper iments con-
d u c t e d , to  r e d i s t r i b u t e  c o n t a m i n a t e d  s ed imen t s  w i t h o u t  r e s u l t i n g  in
increased contamis- iant  a v a i l a b i l i t y .  F l u c t u a t ion s  in the c o n c e n t r a t i o n s
of the test elements were hi g h ly  co r r e l a t ed  w it h  each other  in sediment ,
i nve r t eb ra t e s, suspended and se t t led p a r t i c ula t e s , a l t h o u g h element
levels  w i t h i n  any one component were not co r r e l a t ed  wi th  element leve ls
in any other component .  The hi g h e-’o r re la t ion  among t r ace  e l e m e n t s
w i th in  eaci- component suggests tha t onl’i one or a few pa rame te r s  may
con t ro l  t race  element f l u x e s  in San F ranc i sco  Bay.

A l t h o u g h some c o n s t i t u e n t s  exhibi t  va ry ing degrees of re lease  to
the  water  column d u r i n g  the d i s ch a r g e  of dred ged sed iment , these re-
leases are- ’ so small (pa r t s  per b i l l i o n  r a n g e )  and u s - f  such short  dura-
t i o n s  (minu t e s  to a few hours)  tha t t h e i r  ac tua l  a v a i l a b i l i t y  f o r  d i r e c t
bio logic -al uptake  is hi ghl y l o c a l i z e d . O u t s i d e  of the  zone be ing
d i r e c t l y i n f l u e n c e d  by the  opera t ion , concen t r a t i ons  of the releases-i
cons t i t uen t s ’s -  are t r emendous ly  decreased because of d i lu t  i ’s -s- i  w it i c  uni ’s-—
f luene -- ed waters . Di lu t ion f a c t o r s  on the order  of a thousand to ten
thousand can occur in a ma t t e r  of a f ew  hours .  However , if the  r e lu - a s e d
c o n s t i t u e n t s  readsorh on organic as -r d i norgan ic ’ sinks f rom which bio—
t r a n s f e r  is possible , then  increased c o n s t i t uen t  a v a i l a b i l i t y  may
r e s u l t  in increased  o rg a n i s m  a c c u m u l a t i o n  on s - u l ong—te rm b a s i s  f rom the
redepos i ted  sed iment .

Les-oma and Jenne  ( 2 7 )  found up t ake  of cadmium by a d e p o s i t  f e e d i t s - s - ;
c l a m , M c ’ e - u rna b a l t i u ic a , f rom San F r a n c i s c o  Bay sod imen r , h y d r o u s — i r o n
oxide p a r t i c u l a t e s  ( w h i c h  lacked s- ’ s- r g a n i e ’ c o a t i n g s)  and a s e - s - l u t e  pe s-o l
( s o l u t io n ) .  No de- “ - i  ab l e  up take  occur red  th rough  inges t  i - s -n cs- f e i t h e r
l abe led  e - s -r gs -in ic de~ r i t u s  or par t  i t - s - u i s - t i ’  i s -yd r ous— i r on ox ih u. wh l u I s -  is-a d
be en c- a p r e c i p i t ~s- s - t e - ’ d  w i t - h cadmium and e-- c ’ u t ed  w i t h  s- s - r g  cs - i  ic ‘s-c s -i t u - r  i s - s - I  . In
gu -’ne r s - l , i t  was f o u n d  t h a t  sed iment  ing u .’st io n p resen ted  a r e l a t i v e -’l~-
in e f  I ft u s - n t  mod e- ’ f o r  c s - u d m i e i m  u p t a k e  w i t h  s tead V st .u C e  cu ’s- s e -’ . s-it rs - s - t ions in
the  c l a m  neve r  exceed ing I S  percent  of t hu - h u l k  sos-i I rne -- us - t  u ’t ss - s - e -’ u ’f l t  T e l l  i , ifl.
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( i l l s - c r  i s - i v e s t  i g , d t  i u u s - i — s -  w i t h  t h i s  ape ’ s- - i s ’ s - s  s - - ’  s ’ l . c s - -s -  - ‘ u . s - u - s - s - u t i s - , s - t
s i l v e r  i s  s- s- I so n ia r u.’ s - s - -s--- s - c i l a h l u , s- I i’ s - s - i s - i  i s - s - enn ’- u s i i i - - s - s - i s - s t  r s- a u s - I  s i s - s - i < s t I s - s - s - u
I r o s- i s - , s - i s -~~c s - i i s - ’ n s - , s - t t e r  s - s - u w i ’ ’ ’u ’r , f s - s - r  s-s - i s - i c  s - I s - u ’ i s - s - -,s- u. ’ r - s - -  5’ , ‘ s - i I s -  I - -  l i i  t i s - s - i ’

2~~) . Cs - s - u  , s - s -’ i d i t v  we - i s - s - i d  s - u r s h s - u h l y  be-- s u i t  ic  i t  s - I t  I s - u  s - i  s- - a l  ds - ’wn some’
;
— c u s - 5~ s- lu 1  i s -  s- ’ c s-m i) ou fld s ( h u s - s - i i s -- c u r  f u l v i e -  cs - id es , e - - t s - ’ . ) s s - l c i u  I ’  t vp is-  s - I  l y i s - s - V s

as - c s - s - i’n g i ’d a s - i ’s- ’ :“, s- c i l ; i b l e  is - i - i v y  m c ’ t a l ’s - , h i s - u se’ s- is - s- -s - t u . - r i s - i l s - s - i s -  p r o d s - u - i’d - i s
h r e a k d e -w n  ps -’es iucts  or h y — p r o d u u - t_ s  s - s - I  s - s - s - i l s- bus - I I ,  s - s - i t i v i t  i s - ’- -- , ‘F l ue - u u s - c s - s -i
, s - s -ud f u i l v i c  s - s - s -  b e -s- s a re  d e - - r i v e - ’ d  f u - s - s - s - ’  I c e - ’ rbs -j ce - ’ s -’ u s s - s - s - a t t e - - r  s - s - i s - I c - i s -  e l i — g r a d e - - s under

h , s - c’ t s - ’ s -  i s - s - I o g ie - ’ u - r l  a e - t , s - s -..’k .  Other s- ’ r gs - ds - i s - u ’ r n u s - I e e -’u l e - ’ s - s -  e-’ . a i s - s - s - h l u . s -  s - s t  s - n s -nc p l c ’ s--: i s - s - g
s- s - s - s - s - s e’ f r s - i s - s - i  or gan is i s-s-s ’ e- ’ xs - r e - ’ t i o n s , I s - ’ s -’ris- st r i s - u l  s - l i t  r i t u i s , s - s - s - i d  m s - s - u i i e -’i p , s - l —
i s - u d e s - s t r i s - ul d i s c l a c s - r g u s -s--s- . i s-h ose-’ m a t e r i a l s  s - s - s - s - s - c s -- t i s -r us - s - s - -ghs - t h i s -  w , u t t ’ r  u ’ u u l u m s - i

s - s - s - ut i i  th e - -v s - s - r e -’ r cs-movu s-s-d is - v i s - s - s - ’ , e - ’ s t ’ i o n  or  I l s u u - s- ’ s - i I s - s -  i o n / s - s - g g r u - g - u t  i s - s - s - i  - s - s - s - s -I
set  t 1 I s-i s-~ - Ou r  i ag  t I s - u .’ l i e -s - r i -  s - cl in th e - ’  w s - u t e -  r s - a l  us-nfl, t ha,- m o l e - s  s - i l .. s’s- s-s- i I I
his -nd s-~ i t s - h  s - s - I  he - s- r m s - u i e s - ’ u l c - s--s- s - s - r  iou -cs d e p e n d  i s - i c ’, on r u ’ s - s - c u -  t L s - u ’ i I i ar g~’s. I f
i s - i s - ; u ’ s - - s - t e - ’e-I , t l a e  m o l e -’ e- ’e s - l s - s - r  i s - h a i c s -  or s - i e ’ t s - s -- s - s - r k ’- ,- i  i i be b r o k e n  h i s -s - - s-s- i and t h u . . ’
e l e m e n t s  ms-s-v he in e - s - o r p o u - s - it ed i s - i t o  t t s - c ’  b e - s-d y  f l u i d s  v i ~s- p . l s ; s i vc -  s i r  s - c t  l y e

u p t a k e  or voided . ‘flue - -  e l e m e n t s  t i c - n  up  c - s - s - i  is - ’ used in  t s - s- e ’ u - s - I  u i  cr
s- s - I s - i r s - it i s- s -u s, sto red  or o~~ec ted  s - if  t s r  s-i I s - u - c  i e - s - d s- s - f  t i s - s - i s - ’. T h u s - s e- - c l c s - ’ s - i ’ nt s
t h a t  a re -~ s t e- s-r ed  ms -u s” be c’oncent rs - c I s - - s - I  tes - suss- I s - s - i  iIc’ gs -’i- ..- as to  be - t s - s - x  I c  t o
t i l e - ’  cs-rgan i sus-i i t  se ll s- c u r  t u  s- s - t  her  org s- I s - i  isn s t I s - c t  s-s-u i~~Is -t s-, - , s -  I i t  - Th e  c x i ,
I i’Ve I ,i t w h i c h  e - - i e m e s - i t  s a r ’  t a x  i t - v ar  i e-’e-s- I t  ss - s -- e -’n as - s ec les  a n d  , s- s - s - e - - ; s -  bc’
t wu.’en i n d i v i d u a l s  and l i f e  h i s r c s - r s -,s- ‘s - t s - a e - ’ ,e---s w i t s - s - i n  t h e  same s - s p i ’ s- ies.  I f
t il e -’ s-i r s - y i n  I i -  u s - s - s - m u - s - s - i s - s - s -cl s e t t l s - - s h o t s - s r . .’ i n g e s t  in s - i  by f i l t e r  f u - s - - s-i e - - r s , i t  ‘ s - s - s - s-

he ing i - st s - ecl by (li - i s - i s - s i t -  f e - - o l e -- s - - s and t h e  sans- ’ g s - t  s - s - - s - s - - ’ c s s - - s - es - s -, m e r e -- c u t ’  l ess ,
oei ’ u r r .  I I  i t  i s ’ ;  s - s - s - s - I  i s - s - g u s - s t - s -i  b y s - s - s - s - u s -- r o — or 5 s- , s - , , s-ss- s-is , i t  s - i l  I s - i -  s - i t t s - s -k s - s- es - ‘is- v
s - i s - I s -, ’ r s - s - — - r , s- , s - n s - S s - n s .  ‘l ’l s - s - - c s - s - i s -- — , - u - i s - s  i s - u s - c l  l y ks-s r u - ia , e- , s - i  h i - i- , Is- ~; i--s-i s- I s - c

a r g s u n  c - , rs-uo l u.’ , ’ i s - le , r e l s -  - s - s e -- t b s - u - -  u s - i s - s - i s -s - s - - i s - t a  I s - s r  r u s - s -  - s - s - c s -  d i s c s - i s -  s - i  r u ’ s -u s - ti ’ s - s - s - s - -i s i r
; u [ s -  t s - a k e  Lv cur s-s-’ s - n i  as-s- i s

A ’; I sr e - s -v i s - uu s - sl ’ 5’ ne nts - ions - -d, s - s - f  f l u . . - Ic s- s- C o s - s - s t i t u s -~~- s - s - t S ms- - i s - i t -  i -d d u r i n g
t h e - ’  o x p s -, -r : i s - s - e - - n t s - s -l s - I i spossi s- s -pea -at i _ u n , - s - n i ’- ’ c s- s - s - a u g’s i s - c  p, a ’— !s-I)E l i - s - - e l  s u - s - i
M .  e d s - s - l s - ’-s sc ’ ’g s - e - - : u r i s - d  t u ,u lie -- r i - h s - i  s s I  I s - i  c he-’ s- i s- S h i s - s - -~~~s- , u . s - p s -  i _ s - f  t - ° s -  . I - s - s - i , ,, i s - I r s - u —
t I s - i s - a - s  s - i f  p , i ’ ’ —D DE d os- r c s - s - s c’s I  si g n i I i c s - c n t~~’s- s-s- s-cs- c . i n  i s - s - s - s - s - s - - i  s-s s ru-s - - s - i’d

stat i s - i r s -s t h u - s - is -  is - s i m p a c t -- Sl u t  i ’ s -n  s-is - s -s -a s - s e - - i s .  T I s - j ’-s d i f f s ,- s u -nc ’s-’ s-s-s- s- i s • s - s - s - s ’ s i h i -,s-

t I s - e - s -  re - ,’ s u s - l t  c ’ s -  i n e r t ’s- i - -c e - -h l) flF s-’s- v , s - i l ,~ h i h  i t V  s - I s - i s- i s - u g  t hu. ’ d i ’ s ~s - u s s . s - l p s - - i ’ I s - s-~~~.

l i u s - ’,,s- , ’ v er , t i u i s  s-s-’f’ l - s- ’t  s - l i e - i  i’s - c t  u - s -- i — - s - I s - I t s - s - s - i’ th s - - d j s - s - s - ’ s - u ’-, , i l  pe - ’rinci “ ‘s - u s -

c s - r ue - ’  s - s - s - u s - u s -I Ii I s - u s -  i’s- ’ , u s - i ’ ]  s - s - u -  i s - s - i t  u s-I s - v s - i s - s - s ’s- i r h - s - s -  I s - ’’’, I a s-s-s- s- - i - ’ u. s - i s - u  i v  h e ’ s - ’ - s - I  s - u I  I
at  s - u t  s - s - s - s - i s,

u is - s - us - g ( I l ,  ) s-s-s-u s- r k i s - - g  i s - i  I i s - . ’ ~s- u s - s - i  s- us - - s - u i  ~~~- I I i s -  - - u - s - i  is - c B i s - s - h t  f e ’ s - u s - s - s - I  t is - , s -

c s - ’ ’ i t s - i s - s - s - i n - s - t  I s - i s -  s - s f ~~s - - , T  s is--ien ts- s i s - v  e - t l - s- r s - s - s - , s - s - u :d is - vs - lu - us - sar is- s -s - s - s - c ’ -  s- c - s - ru ’s- I s - - ks-i is-

- sd _ i  i s - s - s - s  i s - s - i s -I l s - ’ c s - L  s - s - s - i - s  u - s - - s -~~s - i - d i ’s-g s - i ’ s- s -e - ’u s  - s t - i s - s - .- - I  s - s~ui t , s - s - is - u u i ; s - s - s- 5 s ’ s - s -  i s - -

s - I ‘ s - i s -_ i ‘C B i n  s - is s - s -~ s - s -  i t  I u~ u’s - s - s - i-, s- s- s - r n .  s-. I I h r  s - I -  - - I Ii s- i s - s - s -s- s- s-rn i i i  s - s - s - I  is -s -i1 cc
i r i s - a l - - s- s - c r  s- - s -  s - I - I I s -  ‘ I s - u ’ h i s - i s - - I  ~ , s - ’ - - r I s - s - t i c s - t i c - n  I - s- i t  r d I ’ I s - s - s - s - I  ‘si ’s - s - u -

• s - s - s -  - - I s- is-i s-., i s--s u s - c t ’  i s - i s -  s - s - s - a s - s- u I s - s - s - n s - u i s - ’ t s - s - u -  s - s - s -  i ‘s- u a’ -~~ s- - i  s- s - i 
~~~ 

‘ s- is- ,’ s - i s - t i  I - I -

I 97 11 , t I i - me-s - s - i  u s - i s -  s - s - s - i s - u  u - i t  s - — s - I  i s - s -s- s -s-s i s - i  s- ‘ ‘ i s - ‘- s - i  tis -r - ss- -d ir s-c-I’ s- s- . s - s - s -~. u i s - s - s - I  t I s - c

c s -i ’ I s - I  u s - . s- s - n i l  i s- s- . i  I i s - ’  F i s — I s -  ( I i u s - s -. s - s - r  - ‘ l i ’1 I s - v  s - s - s -ks -’ , I i  s- s - u — u -  5u s - i I - s - i s - i , , ,

e l s - - r s - - - c s e ’ s - I  i s - s - s - - is - s -- i s -  s i ’ s - - c - u -  ( - s - s - s - e l  s - i s - - , .  I e - ’ i s - : l  ‘ s - s - u s - s -. L I  f i ’ s - I l ’,’ u ‘ s - s - s - s - I  i s - H

I :

u_ - i s
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s - cu e - I  s - c u t s - i l P( ii i s-i 1s -u l s  i s - u t _ u s -  t hu.’ s - s - u t  era s - i l  s - i s -- l i M is - t  i s - -  - l ie - s -s - is - - m o n t h s
p r i u s - r  Is -’ t h e  M s - u i ’  1972 s - s - s - i d i” e h r s - i , c r y  975 s - - u s - I  I s - s -  t I u u s - 1 s--s- as - s - - s l i m s - s - t e d . For
t o t s - s - I  I s - i s - i , ovs--r  t h i s  i s - i t  e ’r v s - a i  t h u s -’ c~~ i s - s - s - s - s -I s- s- s - i  i uup u t d e - - s -  u ease-’d by a Is- , , t s - -s--

s - s - f  5 . 8  w hl  ii - t he-’ me-s-d t a n  t l a ss - i c  e - s - e - c f l c C n t  c at  in s - i  f..s-r t)o’s - u u - r  se - s -i s -- s i s - s - e - ’ r s - ’,c sed  by
a I s - s - c  t e s - r  c i t  1.5. ‘h as - - u i - s - h a s - s surf a ce - - se-s-d i s-s-ent ru ~s- n e - e n t r a t i u ’s-rc s - i l  I - s - s - a l  DD’I’
irs- the-s- s-is-os-i i L u r i n g  zo s- l e - ’  a! so ic - s - ri— a s--s-ed by a f , s - s - t or of 1 . 5 his - I we - -c-is - 1972

s- u s -i d 1975 .  F’or t o t  s - i  i’CB , t Ice-’ t a t  j s - is - , s - t c’ s- I is - i p u t  d u. - u ’  r e - - u s--s- e-’d by a factor of

1 ,1.0 ovu.’r t h i s  i n t e r v a l u s -j i c l i e  fh e  I s - s - s - s - - c-u - sus-I e med ian s - - s - i ’ s - s -e s - u s - I r s - I  ion d0—
o r e s - c  sed by a l u . . - s - s - s - u -  u s - I  I .  9. Is - i  i - s - i sis - I s - s - a r i s e - c s - i, be t we-’ a , ’s -i 1972 and 1 97~u is- s - i
ns -ed i s - a n  s u r f a c e  sed i m e n t  c ’ u u n e en t  u - - c t  i on  s - s - F  PUB in t h e  m o n i t o r  ing  z u s - n u . ’
dec ru.sase --d by a f s - s - e t c i r  s - s - I  1 .6 .

N s - c t h a n s  and Bed s - t i - I  ( 1 7 )  s t ts -d i e-’d t h u s - ’  availabilit y of sed ime - ’nt—
sorbed p e s t i c i d e - -s (DOT and s-ana logs )  t o  h e n t h o s  w i t h  p s - a r t i e - ’u l ar  emp h a s i s
on d . s - y u s - s  i t — I  cu e-h ag is- if s - ce - s-na. They fos -us - id t h a t  wh en exp s-s -sed  to  st -d iment s
c o n t a i n i n g  DDT , Tubi fex tubifex , Cs - c~~~s - t u ,- 1 i a  c s-s - p i t ’ s - u s - cc - s -nd  Nc-Is-lit s--c

c a l ’i f e i r n i e n sj s  au - s es - s - s - s - i s - c s -  e-s-d t ice u - e a t  icide - • M s- :-:ims-s-m I s - -- ;els ol Is-h I ac-

c u m u l a t ion were re - i ’ l l  by I. t u b i f e x  and hy C .  ~~~p~itata wi thin 30 days.
whereas s-i m a x i m u m  is - - i s - I  wa-i s - c t t ’ in e d  b y N .  s - - a l t f o r r s - i e n s i s  a t  about  70—80
days. A ste,cdv state indicating the is -e ’c ’ul rence  cs -f r. c s - u l a t  i_ s- s - is - was - s - t  -

t a i ne d  between pes t  ic ide c s - u s - s e - s - e n t r a t  I s - s - n a  in t h a t -  sed iment  m d  in t h e
organi sms , precls-ud ’is-ug long—term gradua l iiucr c- - s - ae - ’s of i)DT and i t s  m e t a —
b o l i t e s  in t h e i r  body t i s s u e s .  B i o s -u c c u m u l s-i t I s- u i  I s - i c - t a r s  c s - s - l c u l a t e d  for
T. t u b j f e x  as-i d f o r  N ,  cs -s- I is -  iris - i e s - s - s j s  ‘s- - r u ’ l e s s  b an 10 and for C.
s ’ s - s - s -  it s - m t s - c b e t w e e n  ‘5W as-sd 1 00 , w h u s -s - u  u - i - I ‘s - s- es - to  Lhs - - t s - - t ,’u I sed i — e s - i t

Thus , s-c I t h o s - i g is - the ,s - s - - ’rec s-s- s-- s-’a f s - s - s - u c s -e- s - is -u s - I ’  s- h s - . . rjs-iatecl h s - ’~l r s - arbo n
- s - o n c e s - s - t r ; c t  in s -u  in t I s - u .’ is - s - c t  e’- s - u i  s-s-mn did r - ’- s -’  se..’s - — i s - u  :11 s- I I s ’ s - u s - -  l e v e l’
cix ceps-  rus - s- s c s -j h l v  -in t is-e s- - as e- s - s - I p , 1 s - - ’ —I u i ) I , s - ’ i s -e - - re - - is a s-s-’ s - i  c- n t  Is - a l for li s -s- s-g—
ters - s-i increases Irs-c’s- thu re-- s- lu - u - s - s i t e d  s’ -d im en t

BIOSTIMULATION

The p ho s - -s -ph e r t s - s —i i  i r r o g e u s  r - 
- - s- is is -s-s-p ort ,a u it fs - s-r —i -ssess ~j i :, t i c s -  -‘s- u ’

p h s - e a t  i s - u n  s - s - f  s-s-ur Is-us-’ w , i t c r u - s - . . r s - u c g t s -  s - c t  I ,s - s - :i te - ’ is t i ’ s - i  .uIgs-u h e l sa s i e - .  I
&c’us - us - s - a t t s- s - s - ’ a s - ’s- I s- s - i r I s  p hu s - s - s - s - ’  s- s- ,~~s - . ( -  s - c .. p s - a r c  s - I  s- l s - s - s j ’ i c c  u s )  r - ’ I S  s- s - s - i ’s- e- s - f

n s - t r o - s- us - s - s - c s- s - s -
s-s-~ f u r - i s -  i - - u s - ’’ s-’ i s - h - ’ s - u i  I t c s -  s-

’. P i u s - s - s - i -- s - u  s-s-s- s - s - h - s -  s- t t s-i ’ Bcu v
i ’ s - u s - a s - i s - h  I i i ’ -  r a t  io I s -  he I • ~u s - u s -  I —s -

-
s - i s - _ i s -  i s - s - d iv s - t o - s s- s- s - i  is - s - us s- s1s- s- s- . s- ’ i s- - is-i

ex re- - ’,s u s - f  s- u I g s - ’ l r e q c u i u - s -  - ‘ s - u ’ s - i t s  1 - ’ a s - s - s - lu a s - -s - s - j u t s- iuc ’ t I I i i  ‘tua t ic- s- is jus- t h e - ’
u - s - s - s - i s - u s -i s -  r u t  u s-s-i e s - s  -

u s - c s - u s - i - us - u s - i-f I..s-c’r es -u s - s - I s - s - i  g s - s - s - ’~ is - (IS) . ~s - s -~~c - s - u - ’ c i
• d v i i i s - bl u ; fu ir s - a l g a l  Inc - s - -u - i s - c s - u -  i s -  b u s - i  s - s - us i sv’ h— s- cs - I s - s - s - as - I is-i s - - u i  s-s c .

in Sn i ’ s - u n  O s - v  s- Is - jr i s- ie - ’, I Is - . p s- I s - s - s 5 s s- s - f  s - - s - s - s - x  i ’ s - s - e s - s - u s - s - u i s - - u - s - s - I s -i ;,uik t s ’s - i u s - s -s - is - u - s - i : r . u  t i,s-n

s i u i u s - ss-c ’ s - f  I s - s - ut us - c s - m i s -ru - t ic _ u s - ) I s -  i s - s - s - s - s - u t I s - u-  , s - i ’ s - I s - , c I ’s-.c s - s - i r s - _ s - _s - c s -  s-s-’, ’ s-— s - u s -  i i —
i-’ s - s - I  Is- s -s- s - s -s - u s -  s - s - h g _ i l u ’ e ’ I l S  s - I > .

v-H
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~
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N i t ro gu -u l , in t I s - e  fe - s - run  s-i I s - as - s - us - n e - u n i s - a s - u j  t u - s - s - s -- s- - s-i , s - s - i’s I - - u ~s- s- s- s - s - i s -  ing  - a st imu —
s- 1 s - t s s - r s -  O t i s-, ’ , t s - s - a s - i  a lso is - cav e - -  a t O X i c ’ c - l i e ’ s - I  . i t r g c s - i i e  s - l i t r e i g en  us - s -d i ’rg c s - c - ’

c - h a s - s - g e - s  s - ) I  s - l e -’ s- c ) s - s - s -Is - i s - S I t l s u s - l  s- r um c e - u s - s - s - l s - l i ’ x  P r - i t ’ i s - s - s  t h u - s - s - s -g I s - s - s - m i s - s - s - i  s - s - s  i da  to
s - a uu s - s - s - ss - s - ii , a s - u i t r c i g s - s - u i, n i t r i t s -’ s--s- s-is-id s - i i t r a t e s .  N i t r a t t a , p r i m a r i l ’s- ’ , a r e -  t i s - e - ’ s - s-

‘ : c_ a I ili ’zu. ’d i s - i t h e  syni  i i i ’S IS  ci I new js- l a s - i t s - s - s - c d  s - as - i  is-s-s-al I l s s u s - c - s  • ‘b ’hi a ‘ s - n i I r e —

‘~ u : u -n cv . .  I ~~
“ i s  d e pen d e n t  is - u s - b ac - t u . s - r i . c l  s - s - c t  ion I or t h e  dec’ompos i t  i s - u n , and

( i s - i  I s - lie - i t e u s y n t  i s - c s  I s fe -s - u- the -i r ee ’ o s - u s  t r u I i on  of e - ir ga n ic  n i t  r age s-u  • I u s -  s - al  p s - s - u -_: , s - s - u e - 1 s - s - t h e - u -  s- s - r g s - s -mn i s m s  , t he L i t _ s - il c e - i n s - : e u c t r a t i o n  of s - u i t r o g en  is n o t  as
i m p o r t s - a n t  as i t s  c h e m i c al  f o r m . O r p s - s - n i e -- n i t r o g e n , a m i n o  ac i d s  ,is - id

s-imm is -ni s- i  m c c v  i s - ih i l i i t  h i t s - l o g i ca l  gr s- s- s-w t l s- whereas nitrates usuall y stis -is -ulati-

p l u y t c ) p l a s - i k t i s - s - u. Some p l a n t  f o r m s  , Is -avis - v s - - s -  , s - s - r e - ’  a b l e  to  m e t a h o l  I ze - - s - nc—
i n o n i , c  s- c s - id u u i t r i t e - ’ s  s - s - c u d , t h e r e f o r e , a r e  s-to t d e p e n d e n t  os-i comp le t e - -  n i t r i t  —

I — 
j c ’ a t j s - s - s - c. As-s-is-s-io s - u i s - s -  gas , p u - s i d e - s - c e - s - c l  by de c o r n p e - s - s i t  ion , reac Is  w i t i c  w , i t e - - r to

~~ f urs-is as-s-s-s-s-cs-s-u s-s- rn h i v d r s - u x i d e  . ‘I ii i s , is-i i s -urn , r e -’ad ily  d i s s o c i a t e- -s i n t u u  ‘s-s-us-—
m o n i u r n  s- s- s- id h y d r u i x v l  ios -us.  The r a t i o  of ammouuium ions t s - s- amn s - o n i s - s - n ’  l s - y d r i u —
x ide-’ is s- s - f u n c t i e s - n  of pH .  s\ t  y es - s - ins - s -u n hay pH ’s u - s - o a t  es- f the anlmos-iia is-u i s - i s - s -

is-’ , s - t e - ’ r  i ’ x L S t S  irs- t i l e -’ fort s- i s - s - f  as-us-us-scs-nium u s - i s .  As p H i n c - r e - - s - s e a  thu.- r i - i c t i o n
t e s-id s to  f s - s - v o r  t h e  c o n c e u s - t r a t i e - s -s-u o f  ammoum iurn hs-ydro:-s -ide.  s - s - xic ‘ v is
d i r s - ; c r l y  r e l s - i t e d  to  t h e  c o n c e n t r s - s - t i v s - n  of u n d i s s - - i s - c u  l a t e - a s -  as-s-muoniurn h y d r o —
xide -- in solus - s - ios - u. .-\s pH increa ses the a s - us - s - s - c ’  total c o s -u c e n t r a t i o s - i  s - s - I
ammonia  w i l l  become mor , ,’ t o x i c . Dissols- ’c s-d oxygen and ca rbon  d ce - ix i d~
c ’ s - s - n c e n t r a t  i s - s - s - s -s in f l u c n e -’e t h e  N s - x i c i t  ‘s- O s -  ammonia . As t h e  e - i x v g e u s -  c cc—

e-’cnts -’s - s - L lo i s -  d e c r e - s - s - s - s e - s -s , the cs - s - rbc s -n d i s - s - x i d e  e s- s -s- re - tee-I across s-i s-c g i l  1 su r —
l a c e -’ o f  o rga s-u i sms  p r s - - p s -s - r t s - i s - s - n a l l y d e c r e a s e s .  T n hig hs d i s s s - s - l v e - ’d s-s -xv ’,s- s-s-’n

t _ e -’ s - u s i o s - us , t h e  g i l l  is re [e - -as  s - s - p s-i u j f s i c ’ l e - s -s - s - t  q u a s -’c~~i t i e s  cs -f c s - u r h s-n d i s - s- :’s - l s - Iu.s-

e-) s- _ is - s - h e - s - c , ci the pH s-cdj ac es - s-st t o  I s - a s  s - - s - c r  fa- ,e , t h u s  s- s -s - s- s - s- s - s- s -i s - s-a s- s in  t h e -  s - s - s - s - s - I c
f o r m .  s- s-s- s, gas t i s - s - s - i as - s - es - rt decrea se-s -s . t i d e  p H r i -v ’ s s - as - cd ‘s-s- s s - c  u n — c o n  i z e - d
s -umme - s - s - lj s- s-c c o f l t s - s - c t s  t h e  s u r f c s - s - -e-- . This  l - s - ; s- ,j s tic i n c r c s - s , , s s s -’d I s - ’:-: i s -  i t~ s- 01 the
s - c s - fl fl l e - s -uij cs - s - us - I s - S  S u ’ s - c u L  u s - fl. On t h is  I s -a s i a  the 1 9 2  \~a ter s- u s i lt y (‘ri t e ’ s - ic ’s-

“ B i c s - ’ i l - - s - k ”  c s - s - s - u s - s-s -cs - ic -t id ed t h a t  d es- s-e- i s - s - u - r a t i o n s  s - s - I  u n — i c s - s - u~~ze d c s - is -ms -s- u s - c  s - i c - ’
s- - s - - s - ce -’c - d  ~~• s,s- us-g/l ts avo id  I s - cz ar s - I-s ti s - . s-s -Ls -”~~s-s - is - s - i s - i t _ a  (dl ) -

‘e - ’ r , i I i - c _ s - u i  i s - i’s- c s - f  Bac- w s - s - ti- ru -s- ’s-’ is - s -rels-case of n i t r - u p c s - s - s -  s - s - s - id p h e -u s p i s - - - r u s
tics - r i s - s - g r e -  - - s - s - spens  ie-s-uu s - u s - i d d I s - - s - i s - u,’ u - a s - i  1 u s - I s-I ru-ti s- s -, s- ’d sed is-s-s-en Is-s u - o s - s - i d  bus- s - u s - - s - - s - a r -
u - i s - u p .  s\uss - e - ’ r I  m i  c s - i  u I  (A p p .  1) r e s - c s -- r d s -s-’ ci irR’ s- - u,s- eses s- )~~ n i t r s - u  e - f l i s -  s - - s - s -ge - n
t o s-c s-has-d c s - s - ic s - i t  I •~~~ s - u s - g / l  f e - s - I is - s-s-s - i s - s - c s -  s - c s - u  c,’ s- ’ s - s - s - is -r i m e s - i t s - i I, d i sp e - sal c s -ps - u - s - s - I  I s - c s - u  i s-s-
S i n  F r s - i s - i s -  i s c u s -  B c - v .  A s - s - s - b I e - ’ s - s - t  c’ s - i s-i c c ’ s - i t  u- s - L i e - s -c s-a W c ic s -  Lyp h c ’alis-,’ O. -~ n i c i ! I .
g i v i s - i p s - i n  ine -’re s-ise s - s - i i l l s - i s - s - s t  I i i s - e- t i s - s - s - e s .  s - l - s - s - ’ - s -,’er s i s- ice  t h e  n u t  r , i - s- s - t

5 r ese- ’r v u s - i r  a N o r t h  s - i s - is -  F r c i s - i c  i s - s - c s - u  B u y  p u - u - a u ; s - st  i v  seens-s t o  his - c i s - s  -e- a u . s -s- s s - - s -
[p s - s - I growth r e q u h  s - c ’ s - s - i t ’ s - i t s  ( 1 9 ) ,  t h i s  s - u d d i t  i e - s - s - s -  s - i  n u t r i s - n I  u s - s- , s - d i s - u ’s- s- , i s - -s .1

i s - s-cs-’ p o t t s - s - m t  i s - s - h f o r  s-c i i i m u i s - i t o u - \  e - ’ f  I s - c i a .  ‘s-S s - s - s - c s - u - i  re~I’t [ n c 1 s - t s - r o h i e i s - s -  i s  t i u s - -
u - u s - i c ’ s - s e  i s - f  - - s - s - s - s - s - i s -~ j s - u s - r u m dis t c u r b e -’d sedime -’s - s - ts. Cheis- - I  s-il ( 10 )  f u s s - i s 2

s- s 
‘ is - - s - i f s - s - I d  is - ic - u - ,, -s- s-s-c’s it s- t - s s-u s-s-us -is-s- s - ni - c l e s -,’e-s - h  i n  a u - cs-n i ins-cd wat s --s -- s- ia ss  cs - is - o n

Se - - c h i m e - i s - I s  W e u c -  s - s - s - s - u ’s - i s - I s - s - u  ‘ - s - i .  Lee c s -L s - u i  ( 2 0 )  p e r f s - ’ u - : s - s - e --d u - i s - s - u r i s - c t _ cs- s - i c i s - d l V S C S
w i t h  c i , c n c i u ’ I s - s - us - s - I s-u - l u 1 s- s -nd fo e - s -nd cs - u’ s- s - s - - c t , i nc ’r es -i ss- u.’s ira t h u e  s- ( s -s - Ic e -~s - il r - -  I i s - s -c s-
s - s - f  s - s - is - s - s - is - e s - s - i i s -  s- s - s - i  s - s -is-s-in c tIs-e s l cs -a l - i c’ as - i d ae - - t  Ii i r s - p . ,\s -s- ’, s - , s -  s-n is - a  s- s - s - u s - s -’en t r a t  i c ’s - ia  s- s-i~
c u - c ’ s - s - s - c c-c l s - s  i s - i p h u e - ’ u -  a i ’ch i m en t  t u ’ s--u s- s - Tnt l e n s - s’ s-s - t ies .  L o s - c u -  — e - s - i i s - s - i u . - s - s - s - s  is - s - u - c
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t e s t e d  t’ ros -n v a r i o u s  p a r t s  c s - I t h e ce-s-untry. ‘1 us - - mu.-i’a s-i ‘ c s - us - i c’ s - c t ra t  i s - s - n  s- ,s- , a s
0. -1a 5 m g / I  un— fe - s -n ized amn s-on i s- s- . ‘i i i -  max imum s- - us - s - ices - it r~s- ion was 1 . lB  s-is-p/I

- s - ’ I s - t s - s -  m e d  w i t h  H o us touu  Sh ip  C h a s - iu u e l  n s - a t e r i s - u i  . Th e - v s - s - u s - p s - c ’ s - - s - t e d  h at  , al-
t houg h t h e s e  were t o x i c  cos - u s - e n t r a t i o n s , f i e l d  d l l u t l e u s - u  w o u l d  q u i s -  k l v
r e d u c e  t he- ammonia to  n o n — t s - u x i c- l e ve l s .  F i e l d  o b s e r v s - m t i u u u s  in San
Fran c - isco Bay have shown i n c r e s - s - s e s  in t h e  ammonia s- - o s - i s -  e n t r , a t  ion fru us - us -  s - u
b u d - s - s - s - r uss -s- s-d l eve l  of 0. 03 s - s -g / l  to 0 .3  m g/ i  (A pp .  I ) .  I nc reases  d i s —
appea red w i t h i n  one and one— Is -a l l  hours  due-’ to nitrif i s -a t ion and/s -sr
d i lu t i o s -u . The p o r t i o n  cs-f t h i s  s-s-s-s-s-moni a t h a t  was u n — i o n i z e d  am m o n i s - s -  was
no t  d e t e r m i n e d . Most l a b o r a t o r y  s t u d i e s  of t he  t o x i c i t y  of ammonia  to

Is-: i n v e r t e b r a t e s  and v e r t eb r a t e- -a have been p e r f o r m e d  under  s t e a d y st,s-t e
-
~~~ cos-iditions . Those studies are of l i t t l e  value th assessing the  e f f e c t s

s- . - of s h o r t — t e r m  h i g h  i n c r e a s e s  of ammonia  on organ i sms.
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ALTERNATIVE
DISPOSAL METHODS

During the last century, the per iphery of the Bay has been drast i-
cal l y altered for man ’s needs. To iliustrate this point , the historical
marshes in 1850 shown in Figure 31 can be compared with the present
marshes shown in Figure 32. Large areas have been diked . These areas
have been developed as evaporat ion pond s for the extraction of salt from
seawater , converted to farmland for hay production or filled for resi-
dent ial and commercial uses. Open areas around the Bay occur both above
and below mean higher high wa ter , thus there is a potential to return
many area s to wetland conditions. Alternative disposa l methods dis-
cussed in this section inc l ude contained sites for the development of
either fastlands or wetlands.

LAND DISPOSAL

Poten t ial  land disposa l area s around the Bay area ~~re mapped
(Appendix  J). The following criteria wre app lied during the mapp ing

~or i d e n t i f y i n g  s u i t a b l e  sites :

— Area s must be larger  tLan 80 hectares. This wa~ to identify and
evaluate sites capable of accommoda t ing disposal from dredging on a
large scale , long—term basi~~.

— Sites must not encompass publ ic wildlife refuges, re reationa l
ar e:~s or c r i t i c a l  w i l d l i f e  h a b i t ~it s.

— Areas  should be below p k ~s 15 mete r s  mean sea level as a
t r a n s p o r t a ti o n  cons ide ra t i on  and above mean h i g her hig h water  as a
recogn i t ion  of p o t e n t i a l  wet ’a~ d u se.

— Areas mu st not have ~\ i st i ng d e v e l op m e n t .

— Areas should he ~i t h i ~ 97 k i l o m e t i r s  combina t ion  1 and— w at er
d i s t a n c e  of any  dred g i n g  s i L o .

O t h e r  co n s i d e r a t i o n s  i nc lu ded  excessive :~ 1~~pe~; , i n t e r f e r e n ce  w i t h
flood plain manageaient , sc i sm i c i t v , d r a i n a g e , s i te  ~c c c s s ih i l l t v , l oad
capacity and subsidence. San d and gravel  qu a r r  les .~e r e co n s ide r ed but
climinat ed because of pot ent ia I .~. ;~~un~ wn t e r con tam m a t  j r -~.

V 1- l
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FIG URE 31 HISTOR ICA L MA RSHES
- 1850
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FIGUR E 32 EXISTING MARSHES
- 1975
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fifteen potentia l sites were
identified in the process. The ® , t~, )~ 

TNOM*AIOH _____

sites are listed In ‘tabl e 13 and IA

shown on Figure 33. Each of the 
~ ITA L I~~~~

App end ix J l t h l d h ted 7 AFINOITH NL
t h a t  not all of the sites are HAMILTON ‘\_.< ~~~~~~~~~~~~~~~~~~~~~~~~~~IV±J AFI WIJTH ,A’ AVON ‘-, _ , C

entirely above mean higher high -~~~~ --

water. Portions of some sites 
~are slight ly below mean higher

high water and were inc luded on
a j udgment basis. The placing
of environmental constraints on
the various potential sites is a
judgment factor. Agencies in r’~ SAY PAIN ~~LA~~~
the Bay area were requested to
place ratings on each of the
fifteen sites.

1~ 
~~~~~~NSSYN

Ratings were received from
four agencies, U.S. Environ— 

IASMLANO ~~~~~sQVYNPIININt

mental Protection Agency, U.S. ‘

~ -
Fish and Wildlife Service , ~~
California Department of Fish
and Cane, and the California
Regional Water Quality Control

V Board San Francisco , and -~r c RE 33 POTENTIAL LANDl is ted in Table 13. Concerns
expressed in developing the  DISPOSAL SIT ES
var ious r a t i n g s  inc luded :

— port  ions of area are r e s t”r ah l  e to t idal ac t  ian ;

— ar e -I  has  v a r y i n g  deg rees of v a l uab l e  w i l d l i f e  h a b i t a t ;

— area is a f i s h  and w i l d l j f c  b u f f e r  zone ;

— l and  use changes mI st he c o n s i dcr e d ;

— access to  area h n -  po t e nt i al  fo r  damag ing ad j acen t  wet l a r d s ;

— wate r  q u a l i t y  ol e f f l u e n t  i n c l u d i n g  sa l in t y  changes a c .’ he
p r o b l e m :

— a d v er s~ i r t p . i ’ t ~’ may  o c c u r  to adj ac i ’nt ar e a s .

O n l y  two f the f i I t e l i r  S i t e s  wer e cons idered  net t o  have m I

p r o b l e m s  or not t o  he ot a I C t i m  t h at  ed . Al  I s i t e s  were I i st ed as
r e q u i r i n g  w i  d l  i f e  n i t  i g at  i o n .  R~ s t r i 1 t e d land use or d e d i l , I t  ion t o

I ’  wi l d I i t  e h,jhi t at ‘.ca s .t  I p i  I ~ t d  fo r  a l l  s i t  ‘~~~ . The I east ci ect i1 nah i
i s  S i t e  I I , S I r € r r m i n  I s l a i d .

V t — I
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TABLE ‘13

PO ’I’ENTIAL LAND 1)1 SPOSAL SI F LS

V ____

- - 
(he , tare,) 

EPA USF&WS Ca T’&G - _~~~~~~~B—SF -
S o u t h  boy

A U is — Mil p tt a s 1 1, 030 31. 2 3 1 1
Sou th  Fr om o n t  2 790 24 2 3 1 1
N o r t h  Fr em ont  3 730 22 3 3 1
Bair l,laud 4 1,010 15 2 1 1 1

• Centr , l Boy
Bay Form Island 5 360 11 2 3 2

No r t h  B O Y
Hamilt APR Sou th  5 470 14 2 2 2 1
I i , m i t t o n  AFB N rth 7 1, 560 4 7 2 2 2 2

Petal um a— S on on a—N opa
P e t a l um a  Rive r  Area 8 3 ,480 106 2 2 2 2
S n om i  Cree k Area  9 4 , 290 131 2 2 2
N~~ . Ri ver 10 500 15 2 3 3 3

S ui su n  1 . —lYe lta
11 160 5 3 3 3 3

tionlezuna 12 1, 2 10 3-. 2 2 1 2 ‘
V

Sherman  I s tond  13 4 .050 2 4 2  3 4 3 3

‘I I - o i r l  y l j — l t x n
TI ~~s.’ r ’  1 1. 740 53 2 2 1
F r ,  i ‘FR 1 3 , 24 0 ~~ 3 3 2 4

1! 1. II 2 - t P - - r n  i i ,  r e d
2 .  ‘l j . r  ~ r i , ’rn- ~
3. I n c  ptob tems

4. r O.- -- ’

A -i a r ep r e sen t a t i v e  Island of t he  D e l t a , Sherman I sI  rn d .  t he
c losest to dred g in g s i t e s, was chosen f o r  a n a ly s i s  f o r  compar i son  w i t h
o t her  ii  i tern; 1 L i ve  d isposal m e t h o d s .  I t  t ier  id lacent  is land s , suc h as
,Jt’r sev , hethc l , Brad f ord , Webb , Twi t - ‘ I i  and Bra n nan , wou ld  be very
si m i  I c r  h u t  w i t h  a l onge r  t r a n o n o r t  . T I ì t -  soi l  of t h e  D e l t a  i s land s is
sed imt n t  an d pea t , a n d p r ov ides 1u’&’duc I i v i ’  ag r  i c u  I t  nr a  I l and  . I n  add —

t i on  t o  t h e i r  hi gh v a l u e s  f u n  i d  . l g r i  u l t  oral viewpoint , t i e  Di I t a
i s l a n d s  - i r e  ‘ h a b i t a t  for  m a n y  f t  os 1 wi i d i  l i e  and a re  used e x t e n —
s ( v o l  v by liic i i -  r a .  The ad j loca l si oug is and i I ver  form an import  an t
f ~her~ res li r e , and f i s h i n g ,  is  w e l l  as at  her Wa t e r — r e l a t  ~‘d ~R t  iv i t  Y ,
is an  imp ort ant ; t t t  rac t io .  The ~ i i i t  i~a- st r t i  x ’un dar ~ of l i i ’ Sherman

V i s l a nd  s i t e  s l c J j a c & ’ u i t  to  t h e  S t a r t ’ ( , i uce  M a n a g em e n t  Are .  and •
q i l i n I I v . t lie I - I oi t o f  t hi s ust’ t i l l  w d i f  o v i  I L ies  in  t ho areas won 1 d
h.iv I t o  he car ‘1 a I I y vii i n i t  ed . Tue :i h} i t  ion  1 1 lie dred ged sed iment
wo u l d  reduce t h i -  i L i ui ~y - r  I I m o d  ~ag hv a 5l14p 1 0 incr’oi - i t ’ in average
o Lev i 1 ion , sI f l - c I Ii ’ l~ I and i s  p r e s en t  I v ent i ri v be low  MH HW . flepos i —

I i on  it the sod i m o n t  w o u l d  d l  5 (n  ~ i - h h I v  r i sti l t in a r e d uc e d  r u t  c
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oxidation of peat deposits , with a consequent r e du i c t  i ’~i i n  the rate of
land subsidence. The increased loading of t h e  s i t e , however , may more
than offset the reduction in subsidence due tic the oxidat ion . The
loading may also cause mudwave shailowing of adjacent sloughs , thereby
altering water circulation patterns. The potential for filling sloughs
during rupture of a dike during earthquakes is also present. Control of
effluent to the adjacent river system would require careful stud y be-
cause of both the introduction of saltwater in the freshwater system and
the mobilization of contaminants. increased salt load ing would ad-
versely aff ec t wa ter supply , irrigation and fisheries. Several pro-
posals have been made to comb ine various wastes inc luding dredged sed i-
ments, garbage compost , sewage sludge and others to raise the elevation
of the Delta islands in addition to solving the waste dispo .al problems.

If dredged sediment can be considered a potentially useful resource
rather than a “spoil” or “waste,” then land disposal of dredged sedi-
ments could become an attractive alternative . Land disposal sites could
possibly be used for agriculture , recreation or wildlife habitat. The
land disposal studies were a imed at identi fy ing potent ial sites along
with a preliminary assessment of tec hnical and environmental considera-
t ions. Because of identified technical difficulties and adverse env iron—
mental effects which may be involved , extensive land disposa l for main-
tenance dred ging projects does not appear to be a viable alternative te
aquatic disposal at this t ime.

WETLAND DEVELOPMENT

Detailed research into the basic in ologv of salt marshes began to
receive emphasis nationally during the earl y 1950’s. These early
studies demonstrated the importance of marshlands to the estuarine
ecosystem . Until the late 1 960’s, however, little information had been
developed about the art ifical development of new marshland s

The restoration of marsh land s Is a part icularly import ant issue in
Cal i forn ia , for the State h~ s the dubious dist inction of be~~ g the
Na t ion ’s leader in the destru ction of marshes and wetland s (29). Since
C a l i f o r n i a  was admitted i n t o  the Union (1850) more tha -u 1 ,000 squ ro

• kilometers of wetlands have been diked and filled . In Southern (aliIo rn i.i ,
• - oni  v Morr o  Bay , San L u i s  O bi s p o  C o u n t y ,  r e ta  i n s  a si gn i f i c a nt  pot t i -u of

its t idelands. At - i . ’ t ime San Diego ’s M i s s i o n  Bay included  n e a r l~
square kilometers uif mudflat and m a r s h .  Tod ay ,  less t h a n  0 .2  square
kilometers of marsh and virtu all y no mudf lat area s remain in  M i s s i n
say. When the rush for gold began in Cal if em ia , more t han 810 squat
k i l om e t e r s  of ma r sh l ands  formed t hi’ shores of Sui sun P~iv  , S l i t  P . i h ’  itt v ,

• ‘ and S o u t h  San F r a n c i s c o  Bay. Today,  1ewer t h a n 325 sq uar e  1~ i i ‘ni l er s
marsh  rema in .
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u n l i k e  t h e  A t l a n t i c  coast , t h e  Bay i —  ~.u u i 1 e ’  I I .  l i l t  h i  i i i  o i ~~’
m i x e d , sen i i—d iu r n a l t i da l  p a t t e r n .  T i d a l  r i l g i -  w i t h  i t t  i s ’  Bay g. 1—

era [ l v  in c  r o u s e s  in t h e  ha vs in land f r o m  l i i ’ ( ,  iden C - i  I t - I- or ins t  one e
t ile mean t ida I range  a t  t h e  Golden Cat  e is a p p r e i x i m a t e l y  I . 34 m e t e r s ,
whereas , t h e  s o u t h e r n  t i p  of t he  S o u t h  Bay ( ap p r o x i m a t e l y 511 k i l o m et e r s
f r o m  the  Golden  G a t e )  has a t i d a l  r a n g e  of 2 . 7 4  met e r s .  T h i s  broad
t Ida ! r ange , combined w i t h  t he  s ha l l o w  n a t u r e  of a lar g e  por t  ion i t t  t he
Bo y,  r e s u l t s  in the r e g u l a r  exposure  of e x t e n s i v e  i n t e r t i da l  lands .  in
genera l , onl~ area s above t h e  mean t i d e  level (MTL ) a re  c o l o n i z e d  by
v a s c u l a r  p l a n t  l i f e .  W i t h i n  t h i s  area between MTL and the  h ighes t  t ’st I —
ma t ed h ig h water  are two dominant  v e g e t a t i v e  zones: the  Spart  m e t  ium
(cons i st  ing p r i m a r i l y of gen e t i c  v a r i a n t s  of c a l i f o r n i a  cord g rass ,
Spor t  in _il f o l i o s a ) and the Sal  i c or n i et  sum w h i c h  compr IS i s severa l  r i p r i ’—
S i ’n t i i t  l v c o  of t h e  Cen t i s  S i  i c o r n i a , e ommori l y r e f e r r e d  t o  as p i c k l  i-’wt ’ed

F i e l d  p l a n t i n g  s t u d i es  were i n i t i a t e d  i i i  May 1974 in the  i n t e r t i da l
zone a long  t h e  n o r t h  hank of the Alamed a Creek Flood Con t r o l  Channel ,
S o u t h  San F ranc i sco  Bay to  app ra i s e  t h e  r e l a t  ive  success of v a r i o u s
p lanting procedures (Appendix K). i idal datum at the site is 1.3 m e t e r s
a t  mean tide and 2 . 4  m e t e r s  at mean hi gher hig h water. Substrate within
the testing area was dredged sediment placed by clamshell dred g ing
operation s . The sediment was allowed to sett le approximately urn year
at which t ime ( two  weeks prior to the p lanting of t h e  test p lots) 0.3 t o
I met or of t h e  su r f a -e sediments we’re removed exposing a new barren fat e
(elev;ut C o  from 1 .8 meti ’rs (. ‘~ met irs , MLL k , sloping toward t l i t ’
ch a n n i ’  LI .

‘.-e p l a n t  ing m e t  111 ( 1 -i used it , t i e  cordgri cs test plot were
ing , SL- -d I ings , robust ri i t  ‘d cut  I , dwarf rooted ( - I I I  t i n gs  and p l u g s .
F l i r t ’ e p l a n t  i n g  m e t h o d s  us i a in ‘ P p1 k i  t ’!eod test p u t s  we lt ’ seedling s ,
r o o ted  5 ’ u t t  u p s  and  l u u l r i l , i t  1 c u F F  l og s .  i t h i  t u ’ r t l l  I zud . i t d  t $ e  i i  l i e d
cotid it 1,015 l~- 1’r 1’ e’ni p l i v e d .

l a b !  e 1 4 g i ves a comp a r i s en  i t  c or dp r  I S S  gr n wt  ii I - ‘r on, and t we
g r o w i n g  u c i s on s  f o r  e a c h  ‘‘ I  t h i ’ p l a n t  I t  n t  h i s , l i lt -  n u m b er  of i i i  ms
( s t e - m Y  ) p er  T i i r c  m et  - u -  i n -  r , - , s , ’ d  r a p  i d l y  d u r i n g  t h e  second gr- -si uig
s e a- i i ’ u i .  I i  t h i s  t t p id 1 n I - . Ii I ~~~ - i - i L  I n u l , - — , p l a t t t  d i n s u t  i .  s , u l m s / m
in the ’ p i n  ~‘ dwarf no, ed ‘‘ott i ng ,  ~ ‘ . 1  I h u g ,  ii  nd se -d i’d ~‘ ~ w i n  1 d he

c i i n i p i r i b l  e t o  n a t t i r u  I m i t  I i r e  is j ’ i i t O X  m m ?  e l y  4~u I) • t i n s / - i -  m i d — w a y
t h r i ’u i g ii t h e  t h i r d  g r ow i n g  n i  : i - n ’ i m . l i i i -  cen t m l  and  r i ’  st r ’ ’ei t i’d i -u t  t in g

—, ‘ h i t s  Ill - t V  require two to t h r ’ - - • i d , l j ?  i , ’ c u l  V i r s  t i  nec . h p ; u r i t v  iv- i t l i
ex i s t  in g  ~i u r s i u e ’ s .

,\s ,u i lt  i i  i p 4 l t e - i , i l - \ ’ l - I ’ l i m ’ - u t t  i f  p i l o t  i - I - e r I t t  t l i e  p i c k l e w e e d  p l o t s
I s I S m e r e - r ap i l  r h , ’ n i t  I i - n v , - !  in T i e - -ord g r . u s s  p i t s . By t i t i  cloS e

* 
- i ~~ t ii • -~ i -i -end  prow i np  - . i S el l  -I ’ l l  t i l e  n c p l t i n t  e e l  p i i  k I  i i -c o i l  c iii t t -  1 p 1 5 t  s
h i d  ‘~~ - , -d~ - I  i l l  ‘ r i - - i  ‘l’; s i t  i t — I v p~ ’s i n  p I . t n t  m i t  or  L i i  ‘fi ’ ’ e h u i t t e ll
i~ i t hi . t p r ix l m , t t  civ I i l )  p r ’’ — i t  i l ~~~~~’ n - I  - t , d r — v  wi ig h i t  . h i t  u - ~ i t

S e c - C ! ! I l l - i t d  r ’ , ’ fe ’tl i t i c  t h O r - i  s i ,z t i i f  I t i n t  l~ i i  i l e t I t , , l  h i t  p t ’  - ss o f
i - v t - I l l  i i i t t  iP, i - :  I i,  it t u t u r u t  . i l , l o - ce- I , t iu t ’  d i i I , r i - t i ,  - s h~ I -on a
t i t i  i t t  , it lii liii I’ I l i t  e ’- r i ’ . t ’ -4 s i  S t I  - I l I e ’ , r I • i S  - - t t’ i i .  i t  p in  t i t t ’  p t e -n - - ii

x p i - r  f r i - I  :; . I~ - .’n i t t  ‘ I n ’  i ! - - . - l i i  u -  -~~I i t t  I I e ’ i i l t i  ‘ u t ’ i ’ r i  i d i O t  . k I ,  —

* 
ks ’ ’ 

- i’d I t t ~’,i ‘-i i t t  u t  I, , , - i i  •~~~~~ ‘ - - ‘  —i , i ~~i p , -
~ i n ’ , t i  ~i - V I V - p -1

I
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TABLE 14

COPDC RASS -- COMPARISON OF (‘,ULPI~ ABUNDANCE

0CTO~~R 191(e V .  OC’!O~ ER 1975

I Cuims I Culas Factor
Planting per a2 per a2 Qf
Method (1974) (1975) Increase

Control 0.07 2.52 36.0

Seeding 3.24 52.22 16.1

Seedl ings 3.68 64.74 17.6

Robust Rooted Cuttings 0.99 6.55 6.6

Dwarf Rooted Cutting s 3.79 85.72 22.6

Plugs 5.26 88.13 16.8

The addition of fertilizer to one—half of the test plots produc ed
no significant change in the rate of growt h c r overall surviva l of
pr opagules.

A survey was made of potent ial marshland development areas in San
Franc isco Bay. Some 500 square kilometers of historic marsh ’ands itt the
Bay have been dik ed f or sal t produ cti on , agriculture , and industria l and
urban development. As a result of suhs ’dence due to  extensive ground-
water depletion , wind erosion and consolidation , most of these .iiked
areas are now lower than when they we r e reclaimed )0 to  100 years ago .
The survey indicated that there are approximately 270 square kilometers
of diked lands adjacent to San Francisco Bay which still have surface
elevat ions below mean higher high water . In Bay marsh deve i opment
proj ec ts, the depth of fill to achieve desired elevations ~ i I1 seldom
excee d two meters and will typ icall y he from 0.5 to 1.0 meters. Iherire—

• t ic a l l y, therefore , 200 to 250 million cubic meters of se- ’im e’rt - - - ‘uld he
accommodated if total utilization was made of the marsh development
disposal alternative. Areas for potential marshes a r e  shown en Figure
3s.

V l - 7
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Dred g ing fo r  t he  deve lopmen t
of m a r s h  s u b s t r a t e s  would g e n e r a l l y  ~~~~~~~~~~~~

b~ c und ucted b y h y d r a u l i c  dred ge .~~~~
-

w i t  h p i p e  l i n e  to  he disposa l a rca . ‘~ - - a~ ’ ‘~~~

The bread t i d e  f l a t s  of the Bay 
)

would  r e q u i r e  t r a n s f e r  f a c i l i t i e s
f o r  use of  any  o t h e r  t y p e  of dredg ing
op er at  ion .  H y d r a u l i c  s l u r r i e s  of
Bay mud nay c o n t a i n  more t h a n  90
perc en t  w a t er .  To con ta in  the s l u r r y  ~
volum e during dr edging, exist ing
dikes may have to he elevated .
!)epending upon the dred ging rate -

~~~

a n d  t h e  d i l u l e l i s i o n s  of t he  disposal
a rea , more t h a n  one m e t e r  of f r ee—
hoard m a y  be m e q u i r e d  to c o n t a i n  the
w a t ’ - r — s e ’ d i m e n t  m i x t u r e  w h i l e  s ed i—
uflc’nt materi al consolidates and the -

r e - s u i t i n g  surfacc’ water is decanted .
En general , t i t e  ba yward d i k e s  in - -

r e c l a i m e d  a r e as  t i r e  more s u b s t a n t i a l  t
~_e . - - -

and h i g !ier t i t a n  t h e  i n l a n d  d i k e s .  . 
- 

- -

l’he h a v o i r d  d i k e s a re  r e s p o n s i b l e  - - .

fo r pro t  cot ing  t h e  in land areas

S I  cmoug h t o  FIGURE 34 POTENTIAL MARSH
a ct  i on .  00cc’ t h e  c r ~ter  icr  d i kes SITES,i re bm e a - -hed . t h e  m t  or  ior d i kes
i n h e r i t  the r e s p o n s i b i l i t y  f o r
c o n t a  in i n g  t h e  t i d e - w a t e r s .  Dike - i  i r nund  a marsh development ar e  must
he stunv eve 1 i e fo r e b r e a c h i n g  so tha t low r i n d /o r  weak areas  an he idea—
t if  ied - - u n d  c er r e c t i  1. .-\ I I  ‘I i ke ’~ su r rou n d  ing  t ile cont ,i Lam ent are. must
he  of  i i i  e l e v a t i o n  h t i g t u i ’ r  r h an  t h e  -ost imri t i’d h i g hest t i d e .  The he ig ht
of waves- e x p e c t e d  in the ’ a rea  to  a l  low for wave overtopping must ilso be
considered . These c e i t s i d e r i t  ions ire’ of pa r t  i cu l a r  i m p o r t a n c e  ts’hct i —

;idja ’ cot , t t ’ O i S ar c  b e i n g  n i  t i v e l v  used for s a l t  p roduc t  ion s’r ni~ ’ icul—
t U re

A - i  p r E viou s! v n o t e d , t h ~ t ic !, i l r ange  it  A l a m e d a  Creek  i s  t i p p r e x i —
n , i t e l v  ,~~ . 5 m e t e r s  and the ’ ~i i g I ~e -s t eSt m a t ed  t i d e  is 3 .2  m e t e r s  a bove
~1 I I ’ ~. N wt ~ e ’5~ f l I l t i . ’d tha t t h i ~ . d i k ~’ e ’ l e v a t  ion  w i t h  f r eeboard  would

O a t , t  j u t I lie’ - -~ t u III 11 ~‘d h i  g l l t ’s t t i d e  - t Ue 1 
~ 

r,i t ‘u - t ad] ac ent  a rea s  f r o m  wave
- iv o t  — - i’i u ‘1g.

I W I’  I t  t ’ t r t  _ - - -mp l Ii t i e  l u -  i~rt ’ b~t u r i I  i , ’ii of t h e  eSt imat e of sod i me n t
‘ p l i t i t  i t  I , us _ I t l i - i  , ‘ - u n  be ’ p I t t - -d u t  t itt’ s i t  ~- :  ( I )  t y p i c a l  lv , ceTuime’ri Lii

* e l r i ’ d ,’ u u i g  ‘ p t - i  i t  u , r m ~ , - s -  . i v , t t e  ~ t ’ , l  inten t in e ’Xi CSS of t h a t  w h i c h  i s  ‘ -r , iul r c ’d
i t  i t t  jotus r s  i i  low I ’ r  i n r e p t t l . i i i t  ~e ’S t reated in the bottom and

_ _ _ _ _ _  
-.



to  assure t h a t  t he  r e q u i r e d  min imum d e p t h  is  i (‘ .11 t ie d , oi d u ~ here is 
-

little information available which compare ’ - - t i  iJe’ fl-,l  I v i i i  h o — s i t u
sed imen t in dred ged channels with f ina l d i-i u ~ ii ‘. - i t  d r e  dged se -U  imo , t
a f t e r  disposa l in terms of f inal change j u t  ve ’~ u mt- . D u r i n g  t ie h ’d r a u l  Ic
f i l l  op er a t  ion at Alameda  Creek , t he a m o u t i t  i t t  excess of non—pay yarda g e ’
was between f i v e  and t en  p e r c e n t  of t he  t o t a l  yardage . Thoug h t~~t
amount  of excess dr edging , i t  a n y ,  w i l l  v a ry  e s i t h  dred g ing  c e i n d i t  io ns
(d e p t h  of cut , type of equ i pme n t , and t y p e  of sed ij’ ne n t ) ,  ru nE ’ mus t  recog-
n ize  the  f a c t  tha t  dr ed ging in excess of speci t ications will probably
occur. Sediments in dredged channels in San l’ ranc i sc’o Bay t ypi c ally
contain from 85 to 95 percent silts and clays with 5 t i c  15  per c e n t  san d
and shell fragments. Sediments in the Alameda Creek Flood Contre 1
Channel contained about 95 percent silts and clays. Tn—situ water
content in submerged Bay sed iments ranges between 45 and 55 percent.
Because of the similarity of dred ged sed iments and marsh substrates in
the Bay with respect to gra in size and water content , the assumption
that the volume of in—place material to be dredged would be approxi-
mately equa l to the final disposal volume would probabl y suffice for
most marsh development projects in the Bay. A cursors- survey of the
topography of the Alameda Creek Pond 3 marsh development site one year
after disposal indicated that the average slope within the pond was
generally less than 1 vertical on 500 horizontal. This gradual slope
was formed as a result of the fluid nature of the hydraulic slurries.
Therefore , the vertical range which ca’~ be cru ated in a confined dis-
posa l area is largely a function of size. Dra inage may ‘-‘ promot ed sad
vertical range optimized by locating the d cch.irge pipe neat i n t i - r i c i r
-ij kes.

COST COMPARISON

As part of the evaluation of a l t e r n a t i v e  disposal methods , inc lud—
lag alternative open water sites and i -onfined disposal sites , a omput et
model was developed to compare relative ’ cO s t S  (Appendix 3). The model
assumes an idealized systems dred g ing w i t h  use • if equi pment site—el f i—
c leat to  the operation and full s Ut il i7ed .

In add it ion to the cost asse)e ’iate’d w i t h  g re at i - r  t r a n s p or t  dis-
t a n c e s , o the r  f a c t o r s  such as type and s i ze  of dredging equipment and
‘ har a c t e r i s t  i cs  of the  dred g ing s i t e s  we ’re foun ct  to  i n f l u e n c e  t he  corn —

pa r -i t it ’ ’ ’  c o st .  • , • s i te  char at ’ t e r  ist  Ic  s a f f e c t  t h e  ct  f Ic i encv  c i  t 1w
dredging equi pment. Table IS list s twelve dred g in g s i t e s  in i i i ’

• a long  w i t h  t h e i r  shoal ing c i i a r a i ’ t e ’ r i st  ics .
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TAB LE 15

Ch ARACTERISTICS OF SAN FRANCISCO PAY

DREDCINC SITES

- St r o u l i n g  Work Average  Face

S~~Le - - 
Ju , ~~~ih  Coverage  Area De p t h  (Mete~r~~~

Sui sun  R e v  U n i f o r m  S p o t t y  Open 0.9
M a r e  Island We d ge Spotty Open 1.5

N ip ,e  River Uniform Spotty Narrow 0.9

I’et.i l uma River Wedge Smoo th Narrow 0.8

Pinole Shoal Uniform Spo tty Open 1.2
Richmond L.W . Uniform Smooth O pen 0.9
S,t~ J < i t ,ic t Creek Un i f e , r m  Smooth Narrow 1.1

- R i e t u m o n d  C h a n n e l  Wedge Smooth Open 0.9

R i c h m on d  I , e , b , r  Unitorun Smooth Open 0.9

,int ktand Wed ge :~pot ty ripen 0.9

- et i  Fe in ,  j r r ~~r Wed ~r - . S , r n n o r h N or r o w  0.9 
t,,- - 1 C i - , w~-~~ - N I L  -- tin ~ien 0 ~

l h r e . ’ t v ~ u c - , of dredges , t r a i l i n g  —u t i - ~n hopper dredge , c l a m s h e l l
n tr e d gc’ a i d  h y d r a u l i c  c u t t e r h e a d  d redge ’ , in va r ious  sizes were eva l u a t e d .
l’he o p e r a t i o n s  of the dredges are listed in Table 16.

I no equ i pnni’nt est im a t e s  wer e,’ made to  show sensit  i v i t v  of equ ipm c ’nt
ti c t i n -  cog ran m . The ’ product ion  rates were modified for each site based
in t he “ i u n r . i c t e r  1st ir s  shown in T a b l e  1 5.

lrn nnro irtat ion modes ‘nsidered wc re t h e  hopper dred ge haul  . i- On—
hinat ion if  n e ~~ and scow and t e m p o r a r y  or t l x i i i  pi pel ines. flie tratis—
: ‘ i rt h’, hopper d rc’dge i c t h e  same’ c os t  shown in  Tabl 1 ( . 1 ug s and
Sl OWS considered ,ir c - I i s  ted in Table N’.
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TABLE 16
IIOU~ LY COSTS AND DAT I ,Y pRoDu crli)N

PATES FOR DRED( INC EQUI P MENT
(1973 Price Level)

— 
ESTIMATE 1 * ESTIMAT E 2** 

— —-

HOURLY HOURLY
DRE DG E TYPE PRODUCT ION COST PROD UCTION COST

1000 cubic dollars 1000 cubic dollars 
— -  

—

me te r s /day  me te r s /day

Hopper dredge
Bottom dump 24.0 402 20.9 506
Direct pump 28.3 439 24.7 532

Clamshell
Av erage p lant

9 cy 5.0 170 6.0 149
13 cy 7.2 195 8.6 165
18 cy 9.9 221 11.9 182

Special plant
9 c y  6.0 ‘9 - —

13 cy 8.6 20, — - 
—

18 cy 11.9 237 —

Hydra u lic
Average p lant

16 inch 7.6 157 9.6 146
24 inch 15.3 276 21.5 252
30 inch 22.9 351 33.6 317
36 inch 30.6 384 48.3 346

Special p lant
16 inch 9.6 163 — -
24 inch 19.1 289 — -

30 inch 28.3 370 — -

36 inch 38.2 405 — -

* ALL EQUIP: Annual Use **ALL EQUIP : Annual  Use
5000 hrs 6500 hrs
HOPPER (1 XISTIj~~~ Book HOPPER (NEW) : Book Valu’
Value $2 mu Remaining $24 mu L i f e  50 y rs ,
L i f e  13 yr s, Bu tk i ng Bulking Factor 25%
Factor 122
CLAMSHELL: Book Values CLAM SHELL ,: Book Va lues
$ 2 . 1 , 2 . 9 , 3.8 , 2 . 5 , 3.5 , $ 2 . 5 , 3 . 5  & ‘..‘i mU
and 4.5 mu ; Life 20 -irs t j f 5 50 vrc
HYDRAI J T ,IC: Book Values HYDRAULIC: Book Values
$1.1 , 3.0 . 4.4 , 4.9 , 1.3 , $1.3 . 3.6 , 5.3 6 5.9
3.6 , 5 .3  6 5.9 m i t  L i f e  m i t  L i f e  50 yrs
20 yrs
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TABLE 17
I~Iul1Rl ’c’ (‘1tST’~ v ip  rr - ’ :~ - ri ‘

( l Q 7 ’~ °r i ce ’ i c ’  - ,

E P N ’  U U U I I Y  CON DOLLARSj~ -

1000 t u p Tug 85.11
2000 99.92
30013 11/.77
-1000 155.76
5000 191.35

1000 e .y  . S , - ow (bo t tom dump) 2 9 . 3 5
000 35.90

3000 4 2 . 2 6
4000 45.80
5000 53 .32
6000 58.26

1000 e.v . Ne ’w (not b-~~e - dump) 8.51
2000 12.50
3000 16.52
4000 18.74
5000 2 3 . 5 0
6000 26 .6 0

* Based on 5500 be e n p e r  y e ar .  
—

R o i i t c ~ for f i xed p i p e l i n e s  were l o c a t e d  f - r  eeo h of two l anc  d i s —
posa l lt e s  ( P e t a l u m a  and Sherman I s l a n d ) and Li i  ‘h .  ~O O - f a t h u r n  oc ean
d i s p o sa l si t e .  R o u t e s  fo r  t c m p i - r a r - -  p i p e l i n e s  were t - s t a h h i s h e d  i t a d i n g
to  th c-  two l a c d  d i sposa l s i t e s  and to a w a t e r  terminus of a fixed p m pe—
l i n e  s ys t em . T e m p o r a r y  l i n e s  l ead ing  t r o m  h y d r a u l i c - d red ges ‘~e r c
l i m i t e d  to t hree  m i l e s .  Table ~8 g i v e s  o st  c~~t im . it e s  f o r  p i p e l in e  and
i n s t a l l , t t i a n  per  L i n e a r  f o o t .

T ABL E 18
(~ iae -,~ , ) ~~

‘ p i p F T I , 1 ’~ J ; c ~
( 1 ° 7 3  P r *e - 1 e v i ’ l )

- 
I 

— 
h— icc 

- 
- u n  

- 
271 mm 2 8 - I c,  3 0 - in  e - I n

P i pe Cost  $ 2 2 . 1 S f i - , — i  $30 , ’J (- $11 u , i Sl S , i i) Sh 2 -~ i

~~ I , u s t a I i -,t i r’ r ,  ~~~~~ — 
4 , 5 _’ a n -  ‘- .l t— . -1  7 - s~

total $25.66 S- , . 2 ~ S ’t” .9U S ’7 .72 5.1.5  S/ O f t

I i c r  t t -mp ict .i v p i pe- I l f l t - n ;  r i~~~- .- i i  co~~ ’ s c i ’  u s s i - t - -~ t i c  b~- i -n e - I i . ~ 1 I  of h u t

i n - ~t a I  L~r j e l l  , i ’ - - t mn .

v 1 - l ,~

____________ __________ . ,  - — ::-~-~



Transfer equipment is needed whenever a c hange i i i  ‘ r a n s p or t  mod e- is
required . Costs were estimated for ten mobile (possit’ c barge mounted )
transfer stations. The capacity of the moSile stati on- ranges f r o m
15 ,300 t,:u 28 ,100 cubic meters per day (24 hour day). I’er hour  ,- i ’ ;t s  fo r
these s t a t i ons  t ange f rom $47 .34  to $131.40. Permanent transfer facil-
ities near the center of gravity of dredging and at each of the two
alternative land disposal sites were also considered .

The estimates of dredging equipment costs and productivity are
necessarily subject ive in nature because of the number of variables
present in conceiving a systems approach. The costs were developed in
1973 and do not include overhead , profit , or supervision. Capital
investment features were calculated With 6—7/8% interest . Operation of
the system was based on a 20—year program. Table 19 summarizes the
relat ive costs of dredging five projects with respect to alternative
disposal sites using the various types of dredges. The least cost for
each project is designated as 1.0. The system s used to develop the
summary were those available with Current technology. The model in-
d icates that several theoretical disposa l systems might minimize unit
costs if present methods of disposal are considered unacceptable. These
theoretical systems include the concept of a fixed pipeline to the 1 00—
fathom disposa l site. Many of the disposal methods which requ ire hig h
initial investment for pipel ines , transfer facilities , land acquisition ,
etc. become economicall y practical when L sed to handle the average
annual maintenance load of more than 7 million cubic meters fr- rn the- San
Francisco Bay system . Using these or cther locilities in conimon for all
dred~ ing projects permits the full usage of eng ineering “economies of
scale .” This would require regh,na l scheduling of operations. Con-
flicts which could develop with dred ging needs would result in 1ncrea~~lng
the dred ging quantities.

With the alternatives of fastiands or wetlands development , added
costs are incurred for site preparation and operation . Table 20 pre-
sents estimated costs for the Petaluma and Sherman Island sites. Table
21 lists the costs associated with the Alameda Creek Marsh Development .
The marsh site- ad jacen t  to the  f lood channe l  was an evapora t ion  pond [icr
salt production until 1965. About 535 ,000 cubic meter s were placed in
about 45 hectares.

As indicated by the Alameda Creek example- , marsh developmen t mac hc
economically practical when used upon ii case  by case basis. The alter-
native is particu larly attr nc tiv i for small, dred ging projects whic h art-
located near suita t-m le diked lowlands. The site , howev er , has a one time
onl y use for disposal. Several r e p o r t s  have he-en publ i shed  under t h e
Dred ged M a t e r i a l Research  Program w h i c h  p rov ide  i n f o r m a t i o n  in  addition
to the  s u p p o r t i n g  a p p e n d i c e s .  They are references 30 t h r ou g~i 3Q in  t h ’
B i b l i o g r a p hy .

VT-Il

~~~~ 
- . - ,

~~~,
. - .--,.. ‘.

~~
,——. —_ —._—--. ‘~~m~~ c - .- - - -‘P  - -- ~~ ‘ ‘ ‘  - - TI

— — -- ----—‘-- --. —---“-‘- -‘-‘ ---- -__ _ .___ _c. __,_____ ._,_ .__ .-.--_—---- ’-_-_~____ __ _ _ _ ___ _ —
.
~~~~~~~~~ —‘-‘~~~~~~-



r 

- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

-

~~~~~~~~~~~~~~~~~~~~~~~

-

~~~~~~~~~

-- - - -

~~~~~

-

TAB LE 19 
l\’ ) ( 1) ’ ’l I I ) e l i , \ h !~~l u \ :  t u i  u u I . t : 1~u : t  ‘‘2,

‘/I’I’ll AL F I- :u -’~s! 5’! 1)1 i l i ’  
~,

(1 de :i] i zed , i-oc’’st t- ’ms ,~ r i -c 1c’ j~~ t . )

lOi’l’El( WI HYDRAULIC

- — 
Hul -l Ul L ’iMPO UT CUTTERKEAD CLAMS HELL -

MARE 1SLAN1)
Ca r q u i n e z  1 . 2 — 1 . 6  N / A  1 .0—1.4 2.32 .9
A l c a t r a z 4 . 8— 6 . 2  N / A  N/A 2 . 1— 3 . 0
100 Fathom 8 . 6— 1 2 . 2  N / A  N / A  3 . 3 — 4 . 4
Land N/A 2.6—2.8 3.3—3.9 3~9_4~ 7*

OAKLAN D
A l c a t i a z  1 .1— 1.5  N / A  1 .3— 1.7  1 . 0 — 1 . 3
100 Fathom 3.3-1 .7 N/A N/A 1.2—1 .5
Land NIA 1.2— LI 2.8—3.2 1. 7—2.1

REDWOOD CII?
Land N/A 1,2—1.5 1.0—1.4 1.5_1.7*
Alcatraz ,i.9—4.2 N/A N/A 1.6—2.1
100 Fathom 6.0—8.4 N/A N/A 2.0—2. —

RI CHMON D
Alcatraz 1.1— 1.6 N/A 1.8—2.3 1.0-1.3
100 Fathom 4,0—5 .6 N/A NJA 1.2—1 .7
Land N/A 1. 4-1.6 2.8—1.2 t.8_2.2*

PtNOLl- SHOAL
% c,, Pablo 1.0—i , ’ N/A 1 .8—2 .3
A c a tr-uz 1 ,7~~E~• ~ N 1- N- ,\ .‘ ,.‘— ‘.5
L’nd i~1A ,1.0--- ’, e. 3. 12— 3.4 1 .2_ 1 .8*
t a r  Fa th ’’mm, b . - 9 . ~ 5 / - ,  N’~~A 2 . 8 3.6

T i c ’ I’ - ,

TAB LE 20
SI T! ’  1 i’l S!. T ( )p ’i~~~:’r ~~~~~ m R  l , \ ’ i f i  l t c z p m i c \ j  ~R FAC

(10’ f l i i  Lov~~1 tm ’ c - r  ( u - i c  Me t e r )

- - -  - 

1 .-t - ~~W’T a St ce ’ r nm dn I s , - d

1. - 
. 1 - c i  &--~~ e d  e l i t e - i  L- ~ 

-

l~ m I t  S i n  1 -  e I , e m m t -o $ C T , ,’5 $ 0 . 2 2
( l i ce  led -

~~
, i ta I c - - ~i- i t

ni ,- q n n  i s  i i  -u s  , , i , I  develop—
T , ’ I I I  and i ’ ,,t- ’ 

2 .  P m -’ n-’,so,i Naterlnl**
ii S [te 3,-v, I i 1 cr~c -e t t 5(i~ 71 SO. 8b

(ftc I n,Ie~, -i-o s of (I
u s a  c i  - - I n, i i  i n e T ~~, i i  - —

. - T ~
i-i - - mug - - - - - 1  n i

* M. il , - m c,i l p l i  i - I  hvd r , i , i I  - . ‘ I I y i c d i - .1 e a c i  , , , id . v i i i ,  no lur r t m - i t —  
-

muo n I l v , . ,  d ’- ,  - c i t  a t i m  c ’ s. I L , - , - .
**M,,tirj,u I wh ic It u mi s , 1’’ m d ciii i - mn LI,, i l - v, . bc - -n i n I p m - - 5’ 5- I  ~‘ T- , - ,- (m.,mm -it

w s ’ r k i s s g .
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TAB LE 21
CONSTRI CTION AND °LANTI :~~ ~flS’1’S FOR ALAMEHA 

(
~ P F E ” L~

MARSP DEVEL(W MENT
(Sentemb er  l°75 °rice Level)

COSTS PER COST PER
OPERATION CU8IC ~~TER HECTARE

Site Acquisition $0.20 $ 2 , 250

Site Pr~ paeation 0.15 1/ 1,750

Dre’dging and Material trcuims p ort 1.60 1/ 19 ,000

Planting 0.25

Total Costs $2.20 $26 ,000

1/ Contract c -imv n l v , not i nc lud ing  costs c s r  e ngin e ering and design.
and supervc~~1- r’ amid administration.
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CONCL USIONS
Based on the results of the various investigations ronducted during

the Dredge Disposal Study (reported in Append ices A through M) the
following conclusions have been formulated regarding San Francisco Bay
maintenance dred ging and disposal activities:

• Higher concentrations of contaminants in dredged channe ls can be
attributed to the finer grain size associated with maintenance dredging .
Since dredged channels are out of equilibrium , forming , lower energy
regime , f iner sediments will tend to shoal. High contaminant levels in
San ~rancisco Bay are normally associated with the finer sediments.

S The type of sediment and the degree to which it is disturbed
determine the amount of sediment resuspension during dredging and the
immed iate release ruttern during disposal at open water sites. The
disturbance , including the adding and mixing with water , depends on the
type and size of dredge , the efficiency of operation and the config-
uration of the shoal.

• The disturbance during sediment disposal is limited to the
bottom two meters of the water column :cgardless of whether th€ sediment
mounds or disperses. With hopper dredge operations , the - ed iments l eave
the disposal site typic ’ Lv within fifteen nc~nutes of r e lease  ani 1 are
quickly assimilated into the Bay sediment reg ime .

• The sediment regime of the Bay is a very dynanii c’y.stem. Tests
in the Bay show that within a month , dredged sediments are well dis-
tributed both horizontally (over 2~ O squire kilometer study area l and
vertically (in excess of 23 centimeters). About ten percent ot the
dredged sediment returns 10 the Mare island Strafe channel with disposal
in Carquinez Strait . The majority of samples in the study area had less
than four percent dredged sediment. Sed iments entering San Pablo Bay
for the most part are not carried directly to the ocean . Scdlne-nts are
deposited , resuspended , recirculated and redeposited elsewhere with a
net effect of sediment transport toward the ocean .

• Dredging and disp oi- ul in the B0v were not obser ved to c ,lsiSt

changes in conductivity/ sahnii zy. t&-tn ;3erature or pH. Temporary  but
marked water quality change’s which wcre’ observed included reduction of
dissolved oxygen , increases in suspended solids , and releases of trace
eleme:~Ls , chlorinated hydrocarbon and nitrogen (nitrate and atunonia).

• Although l a r g e - c - l i 0 u 1 - *’S in w a t e r  q u a l i ty were d e m o n s t ra t e d , no
analogous changes in  or g a n i s m a s  were observed . Thus biological impact

• was not  f o u n d  to  be’ s yn o u u v m o u s  wi .h measur;iit i e- water quality impact.
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• Sign ii i cu ru t dc-mon st rated bio logi ca I m~- f  l e e  C r ‘ - ‘~u It log f r o m  in
B , u - ,- dt’ed g ing and d i s p Is i 1 a c t  iv  it ice are I m u  it ed C a  t h e  r e d i u c  t ion of the
n u m b er  , u u i d  k i n d s  of be-n t  h i s  s m rgiin isms immed i o n  c ly  l o l l  ciW i i~g an operation
and the mmcl r e d u c t i o n  c ut  t he’ p .  p ’ —E ) DE de sorpt  ion r a t e  d u r i n g  d i sposa l .

• l’he potential b r  adverse biological stresses from reduced dis-
so lved  oxygen and increased  suspended sol ids  concen t ra t ions  is less
during winter periods when w a t e r  t e m p e r a t u r e s  are lowest and dissolved
c m x v g e i i  l eve l s  h i ghes t .  F u r t h e r m o r e , u lu r in g  t h i s  period eggs , larvae  and
I u v e n i l e  organisms are at  t h e i r  lowest numbers in the water column .

• Re-It - usc of t o x i c a nt s  d u r i n g  d r ed g ing  and disposal ope ra t i urn s
Sv’eI ii S t o  be a t  suc i a  low l e v i ,- is and to  las t  f o r  such shor t  d u r a t i o n s  t h a t
their availahi llis ’ b r  upt: ik c - and accumulation is extreme1~ l imited .

S Salinity ~ IlC i t ’ ,i1-L v ’~ s~ gnh ti ea nt l y intensif y the potential for
release - of certain trac e -ments ft-on resuspended sediments. Organisms ,
however , have he-en cihst r~’ e d to have greater uptake rates during periods
of decre .u sed  s a l i n i t y  and t m  have g rea te r  depura t ion  ra tes  in hign
s a l i n i t y  w a t e r .  These two opposing conditions suggest tha t there i t-’
p o t e n t  ial  y a m t i t m m r i i  ilefen set mechanism operating in organisms to safe-
guard th em Iron excessive trace element accumulation.

• Lruci asthg the eff i ci muc y of dredging - ‘t-iatio’~s in terms of
min Lt~izit’g eni ,r~ v losses in d i s t u r b Ing se d i n i ea o . ;  and m a x i m i z i n g  the- col-
lecti sm 1)1 ‘;e’dii oiiLS whether by hydraulic cutta-rhead , c lamshell a:
hopper dred ge , will d i e reas~a t u ~ p ot e c ’i t i a~ f o r  ,idvers~ impac t s .

• Increasing the dispersi -n of sed im ents  dredged by hopper  d r c d g
in the Cay could have s e v e ra l  pos i t  ive  ci f e - t s .  F irs t , t ime pote nt lal.  uI

concent u .~~t ed high suspeiide 13 -oi l i d e  loadin~. would  be i- cd i c e d .  Sec and ,
bot~u the intensity mad d u r a t ion of d i s ro ive d  i -xygen depr essior .c would  iie
reduced . Since t~1e se’ two conditions work synergisticall y , adverse bio-
log ical  e f l ec t s  w o u l d  dccr eas~~. L i u i rd , s ince  b o t l u  t o x i c a n t  release and
u p t a k c  ar - 5 , ‘ c a c u ’ n t r at  ion  d i - p e n d e n t  , gt ’e at er  d i s p e r s ion , a l t h o u gh i n c r e n s’-
~ng the  i ’ uu t  i c i ,i r e t  of sed mv -i ’ t e I or ont ms ii  m t  releases • shoul  d
rcdic -c it potent I al max incumm u r - - i -, - a ’ -i ca ‘ reti cent ration) at any one I oe ’i t ion
and t m - c ,s the 1 )nm? vlnt i i i  c ’i~~- m m sm ui !,1 uk ’ mo d ii - a r n u l a t i o n . An d I i a 1  lv ,
il ’ !  ni tt - i sent oc ammonia r o l c ’ , o :  w ~ ild be q u i ck l y a s s i m i l a t e d  i n t o  t h e
a ’ l ;r~ - -;i , i— educ iu ng ‘ - u t e ’ m m l  I ,- m 1 I s i s- i l  j ; ’ s - d  loSt u ” i l i d t i o n  or t n x 1 e i t y .  C h , i n 2 - - -

- i n  oj m e - r a t r c t i u l  ol  cc ~ Ii ’S would I m i v ~ - t n  be ;ic e’ i n p lj she -J  .~itIiout signif i—
c ,i il O Ia I i ,  rit .- m s j n  t ie - me’ f r ame  of  1:-Ip i rt  . O t her w i s e , possibl e ‘lilt ~~

—

1,:ili Vc ,u v , u n t ,- I , es m i t t - - be ’ o f f s e t  I - y in  t - u s i n g  th e , I s i ’ . i t  i on  ~‘t  i n t p ~~ - t .
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• The potential for long—term accumulal ion i i  - i t  i o u  ~an t  s by

organisms from sediments dredged in harbor areas and m s p s u .  ii i n t lu t -
open b u y is and has been a s i g n i f i can t  h i v s l s -; i e’al cc) f l  c r ul  he- c au s e  s i t
h i s t o r i c a l l y  high contaminant  levels in th~ s~- h a r b o r  u r e a -  - Other areas
in the Bay also have equally high contamlu -tari t levels because of their
predominantly fine grain composition and high transport rate’ of re-
suspended sediments. Fine grain sediments naturally scavenge contanu i-
nants and wherever they art,- concentrated , contaminant levels will
typicall y be high. Source control is the only effective method for
controlling contaminant levels in these sediments. However , channel
sediment sampling during the last two years (1975—76) seems to indicate
that the contaminant levels in dredged channels have decreased t ’m l t-vels
congruent with open areas if the Bay . This  is probabl y t hu  r e s u l t  ci f
the elimination or improvement in quality of industrial and municipal
discharges as required by both State and Federal regulatory agencies.
As Bay sediment contaminant levels decrease , so will the potential f i r
long—term toxicant accumulation.

• Open water disposal is not considered a significant blockage- of
the channels for migration of fish , particularl y through ‘arqtminez
Strait. The plume , as monitored in the field , is confined to the bottom
two meters of the water coLumn , and its cross—section const itutes less
than one percent of the Carquinez Stra~ t cross section. TIme plume
occurs in the disposal site less than one—quarter of the time- r ,i t j cu u t
disposal time to total time).

S The movement of dred g’d sediments into the nodal zone in
Carquinez Strait should cause no more impact on striped has— timtpe r l i ng s
and neomysis than those sed inier~ s nmturall y oc curring in thi — ’ zou’e.
Sediment loading in the nodal zone is dependent on tidal f rees . mi d
freshwater inflow . Dredged sediments do rcp lace- other sed~ ne n t s  in t I m e
zone; however , unless a contaminant es ’u~ - ‘ s i g n i f i c a ’ i I y r i s . -s Ih e
concentrations in the dred ged -;editrn itt , t h  two se d im e n t s  nI u m u i l d  b-
physicall y and chemicall y oum i l ir.

S The transport of highly cont aminu cd sediments from the Bay to
deep water ocean disposal sites has the pot ential f- r  c C i t t  u ni t  u i m g — t u ’ r n m
biolog ical impact. When I t~~~ SL seC imeot -. i m e - r e l e a se d , mu ’ e . t !  j i ’ : - i, i 1 1

genera l l y occur ( t yp i c a l l y t u e - s e  s e d im e n t s  a r e ’ u, c h - -~~~j V e -  uric dress ’o ’~ I v

clamshell  oper at  ie ) fl )  . Thcs ~- mounds w I I I  rem u in i i m t , u s  t t or t o n g  ti e  r u ods
because of the  lack of h i g h  c c r r c n t  v~~ loi i t  u - s  L u  - r i - C u -  and disp erse
the-u i . S ince  the-m e  c o n t a m i i m a t ~ -a~ - ,v d i nt’ct S t y p i e i I l y smtt ~~,ujo t u m l i i ( ’ O —

m l  on - ti - m u u t e r i  t i ~~~, as ~~ L 1 ,l5 tOX e ,Ii m t~~~, \‘e t ~~i h  I . i c t ‘r ~,
higher than ,uithi e’u.i levels , a e m u m i l s  m u v  be at t r , i  t e u  I i  tlut’ un - us j  u ! ~—
cc n t r a t s - i  food s o u rc e.  Whi h- f e e d i n g ,  t I e -se O r g s n I ’ m r ~ ri ots- - u -pt i b l u ’ -

to uptake m d  -iccumuljt ion of assoe - i u t u - si t o x i c u ;  t s. t h i s  i t i l u !  1ic - i

pa r t  l i -u l a r l y s igh  i f  i r u h u t  p r o b l e m  in the’ Gui I u - f  t~~e I- - i l  e ic’S , - - k ) s~~ l
n u r e e ’ r \ ’  u r e a f o r m :tui\’ c mmm ’re’ ij i  lv j i u I - - : t  , i , , L  - ; I m ~~c lee .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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• lI me ’ c V s  I oat ion of p o t e n t  hat 1 iinpac I a ~ i t  Ii s e  t 0 -~pe-rs ion or
mu ’uuuel itig “u i- - I hem n ude on a e’ase ’— b y — s  t se b, - i,~ . 5 c u l l S - mc -r  1111 tl)e re l t ’,ISC -

- ‘ u u t t n i u m , u u i t s , t i m e  t y p e - of se-dim e-u t and the S C U S I L  i v u r y  - s t  both ‘he
w i t  c’r , u h l c l  t he’ sc -cl ime’nt syst - mu m a t  t h e ’  d i spo sa  I s i te .

5 i - ,xtensjve land d isposal  f i r  mm m , - in t e tna nce  d redg ing  p r o j e c t s  does
riot appear Ic’ be a viable a l t e ’rna t i v , - t o  ;q ua t i c  d i s p o s a l  at t h i s  t ime’
bee lim Se ’ i f  i s i s , i d e n t i f i e d  t e c h n i c  i i  diffi cultie s and adverse environ—
me- nt -a l c-I f e - c - i s  w h i c h  may be involved . Potent ial problems include’ cross-
ing si f ~s - t L ; u m i d s , rupture ol di kes wi t h earthquakes , mudflows , saline
water l i d  lug and loss of lrretr iev~il)le potential we t lands.

5 > I i r m -du  cl u e I p m t ; c - m i t n i —i j u g  dredge -cl  a i d  iments  should be viable  on a
c a s e — b y — s o s - -  b a s i s , i m r r u s - u I a r l ~ for one t ime only , small dredging
prta~ ecLs which ira I~i i t , d  near suitable diked low lands , because of the
cli v ~ronnu e’llt u I bene fits m- I ,  t~ - ‘ci . Marshe’s nu n , - important . to the estua r~
for th e ir -i l- s i 1 l t ~’ to s i X\ ’ ’ i - i - l t C  Bay w at e r s , p r o d u c e  u u t r l e u m t s  s I u c e h  serve-
is a base’ I or Lim e food Web , ca p t u re ions , d i s s ipa t e  energy  and prov id~

w i l d l i f e ’  habitat.

S C e m n t , m m i i , i n t  l e ve l s  in es tuar  joe organ isms appear to be u ’ eu f l—
t r o t  led I v  a l i m i t e d  numb er  of syne rg i s t ic  f ;u e t or s .  Suggested f a c t o r s
are  L i m e  l o n g — t e r m  p rocess  of s e d i m e n t  r esusp  ns~~on—r ec~~r c u l a ti on , ~ea—
son u I t I - u t  u m t  ion” i n  sal i n i t y  and m e son - a—; ( - I - ‘otaminan’~s bo t h -~~it tire—

p o~~u -  i i i ’ ,u nd g e - u m l i g i s - . l it -  b id  - g i c , u I  1~fl~) at  ;i.s ~ mm ’ di e t  n m i t ’ u m t  iOu t h e
fonm uu c a l  ,- c>nt i m f l j u m i m t  and iii c ’ t h t r or n it. H i t ’  s~-d im e nt  5> - s t e m  i a n  u s o i m i —
late them cootarnio ,iumt Loading. With time ooserved so~ pt ion—d eseirpt ton by
o rg u l m i m - Im s arid t i n ’ I lu c t ua t i : u g  c o n d i t  i ’uis I c  t I n - e s r u a r \ - , i l  pac ‘s  such  as
hi gh a - u ’mn u l i t  i - i n s , Inu t a t  ions  ct l1 ~ Iii:, Ic  ity would ne i l  I - c ’  e x p e c t e d  sil l e ss
the coot  - m m i i i . - ii I oad in g is I v - -c ig l i  . in l I t - :  case  of s’- n i u m e ’ t IC c lienm i~ -i 1’-,

s C  ,tIm ,i a~~- t h e ’  , u t ~ s i n m i z l t j & ) r i  e~~u p o t i l j t ~~- c i i  ~Iie c - a t u a rj  m i t h i  the- 5 - s ‘u 4 t o t e d
seC i - ~~u i t  r e - g u m s- , lu t l u , adac - ot  a I s  a- u~’;’etgy regime’ iii .- , ? i m  Ii t i e ’ c m m t r ’ges
in amb - - n t  - i r u s c t  , i ’ s ms  ar e  ma e -a t

‘ - I l —
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CON VERSION FACTORS
If conversion from the Metric to the English system is necessary, the
following fac tors app ly:

LENGTH

1 kilometer (km)= 10 3 iueters=0.621 statute miles~0.540 nautical miles
1 meter (m)”102 centimeters=39.4 inches=3.28 feet~ l.09 yards 0.547 fathoms
1 centimeter (cm)=l0 millimeters (nun)=O.394 inches’~l0

4 microns ( t ~
1 micron (p)=iO’3 millimeters=0.000394 inches

AREA

1 square centimeter (cm2)=0.155 square inches
1 square meter (m 2)=lO.7 square feet
1 square kilometer (kin2)=O.386 square statute miles~ 0.292 square nautical miles
1 hectare = 10,000 square meters 2.471 acres

VOLUME

1 cubic kilometer (km3)=l09 cubic meters=IC’1’5 cubic centimeters O.24 cubic
statute miles

1 cubic meter (m~)”l0
6 cub ic cen timeters~’l0

3 iiters=35.3 cubic feet=264
U.S. gallons=l.308 cubic yards

1 liter=103 cubic centimeters l.06 quarts o.264 U.S. gallons
1 cubic centimeter (cm3)0.061 cubic inches

MAS S

1. metric ton”106 grams=2,205 pounds
1 kilogram (kg)=103 grams=2.205 pounds
1 gr (g) 0.035 ounce

SPEED

1 knot (nautical mile per hour)=1.15 statute miles per hour=0.5l meter
per second

1 meter per second (m/sec) 2.24 statute miles per hour=l.94 knots
1 centimeter per second (cm/sec)=1.97 feet per second

TEMPERATURE
= °F—32 = l.8(°C) + 32

Conversion Formulas 1.8
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