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PREPARING A RICHARDSON BAY SPECIAL AREA PLAN )

Richardson Bay, part of the San Francisco Bay system, is situated in
southern Marin County. Five local governments have jurisdiction over the
water body and its shoreline: Marin County and the cities of Sausalito, Mill
Valley, Tiburon, and Belvedere, as does the San Francisco Bay Conservation and
Deveiopment Commission. Richardson Bay is experiencing an increased demand
for pleasure boat marina and houseboat marina use. In addition, many vessels
used as residences are anchoring out in the Bay. Recognizing the need for a
unified set of planning policies and regulatory controls by the local govern-
ments and the Bay Commission for Richardson Bay and its shoreline, the agencies
agreed that they should jointly prepare a Richardson Bay Special Area Plan
~-which would récoﬁmehd such unified policies and regulatory controls for
adoption bj each'agéncy.' This réport,'prepared by Philip B.-Williams and
Associateé, Consﬁltants in Hydrology, is the third in a series of planning
background reportsvthat will be used:by the Richardson Bay Steering Committee,
composed of representatives of each of the local governments and the Bay

Commission, in preparing a recommended Richardson Bay Special Area Plan.




4,

s,

TABLE OF CONTENTS

Introduction and Summary

1.
2. Natural Setting
A. Geomorphology
B. Erosion and Sedimentation
C. Hydraulics of Richardson Bay
D. Historic Changes in Richardson Bay
E. Future Changes in Richardson Bay
3. Sedimentation Rates
A. Shoaling Rates in Marinas
B. Shoaling Rates in Houseboat Marinas
C. Shoaling Rates in Channels
D. Shoaling Due to Sedimentation from Surrounding
Watershed
E. Impact of Marina Development on Sedimentation
"Rates = ’
- Existing NaVigatiQn Requirements'
‘A. Depths - 4 .
B. Channels, Fairways and Anchorages
Existinngaintenanee Dredging Requirements
A, Dredged Volumes
B. Dredge Spoil Disposal
c. Dredging Costs
6. Future Navigation Requirements
Te Proposed Navigation and Maintenance Dredging Plan
8. Conclusions and Recommendations
References

Technical Appendix -~ Analysis of Sedimentation Rates in

Richardson Bay

i.

Page

13
16
23
24
24
31
32
34
35
3

36
37

b9
49
51
52
53
55
61

65




1.
2.

3.
u.

5

2'
3.
y,
5.
- 6.
7.

“ 8..
Y9y

LIST OF TABLES

Tidal Data for Richardson Bay

Summary of Historic Dredging Activities in Richardson
Bay

Summary of Observed Shoaling Rates

Index of Hydrographic Survey Used in Determining
Shoaling Rates

Summary of Long Term Maintenance Dredging Requirements

LIST OF FIGURES

Richardson Bay in 1915

Hydrographic Map of Richardson Bay -- 1978
Hydrographic Map of Richardson Bay — 1948

Change in Shoaling Rate with Depth for Closed Basins
Navigibility of Channels

‘Existing Navigation on Richardson Bay

Saucelito Canal

Proposed Navigation and Malntenance Dredging Plan

Sausalito Fairways Plan -

i1,

15

25
26

27
50



1. Introduction and Summary

Because of its sheltered location, its size, and its
proximity to Sausalito and San Francisco, Richardson Bay is
especially suitable as an anchorage and harbor for recreational
and small commercial vessels, It has had a long history of
maritime uses since the first settlement of the Bay Area, being
used - as a watering station, for careening, whaling, fishing,
shipbpilding. _Since thevsecond world war however, recreational
boating has grown to become the major maritime use of the Bay.
There are now approximately 1900 recreational marina berths,
primarily 1located in five marinas that have been constructed by
dredging the shallows along thg Sausalito waterfront. In addition
there.argjapbyoximately 550 houseboats, again mainly located in

four houseboat marinas located along the waterfront.

At presént~ there are proposals to add an - additional 1000
recreational marina berths of which 260 already have construction

permit approval.

Until the last few years, the long term maintenance dredging
requirements for these marinas and their navigation channels have
not »been a major consideration for permit granting authorities.
’This is partly because most marinas have been constructed in the
last 30 years, and.only now is the need for long term maintenance
dredging becoming apparent. However, with the dramatic increase
in dredging costs in the last decade and the increasing concern
over the adverse environmental effects of dredge spoil disposal,

BCDC, Marin County, the City of Sausalito and other agencies are







marinas and channels; and 76,000 cubic yards per year if all
presently proposed marinas are constructed. Dredging costs for
marinas in Richardson Bay are comparatively low because of their

proximity to the Alcatraz dredge spoil disposal site.

Navigation problems are occurring in Richardson Bay, largely
due to the high concentration of boating activity and marinas
along the Saﬁsélito waterfront and unregulated anchorages in the

navigation lanes.

In order to improve the situation a navigation and
maintenance dredging plan is proposed in this report. This plan,
which incorporates the Sausalito Fairways Plan prepared by the
‘Sausalito Fairways and Anchorages Committeé provides for dredging
the‘ Marinsﬁip ,laﬁnching basin area‘and ~a dredged navigation
channel extending to thé Kappas Marina. It also provides for
uhmain;gined bﬁt marked navigation channels extending to the Cove

Marina and the Shelter Bay Marina.

2. The Natural Setting

A) Geomorphology

Prior to the melting of the ice caps at the end of the
last ice age, Richardson Bay was a 'V' shaped valley draining
east to what was then the Sacramento River that discharged
tﬁrough the Golden Gate. With the rapid rise in sea level due to
the melting icecaps, salt water invaded San Francisco Bay 10 to

11,000 years ago (Atwater et al, 1977).

*

Throughout this report Mean Lower Low Water(MLLW)datum is
used.  Minus refers to below MLLW, plus to above MLLW.

-3 -
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As the sea level rose, it advanced up the valleys of
tributary drainages. During winter storms, these tributary
drainages discharged sediment eroded from the surrounding
watershed into the Bay., However, the total amount of sediment
discharged into the Bay from the natural watershed would have

been very small compared to estuarine sedimentation.

At the wupper end of the Bay and in inlets sheltered from
wave action, the rate of estuarine sediment accumulation was
highest. The deposited sediment would have provided suitable
elevations for the establishment of marsh vegetation. In the
upper part of the Bay salt marshes developed~ and extended,
‘formiﬁg picklewéed marsh plains with elevations at about mean
' highef'watéfv(+4.7"MLtW5. At‘the.mouths of créeks draining into
ﬁiCh;r&sbn‘Bay Sﬁéiliaeltas of coarse sediment formed. Over time

these raised the mafsh’plain, converting salt marsh to meadowland.

B) Erosion and Sedimentation

In its natural state, the water depths in Richardson Bay
were determined by the net long term sedimentation rate and sea
level rise. The net long termsedimentation rate is determined by

the balance between sedimentation and erosive forces.

The sediment particles in Richardson Bay are extremely small
(in the range of 6 to 20 microns) (Means, 1965) and form cohesive
electrochemical bonds with each other, forming ‘"flocs."
Sedimentation occurs when the settling velocity of these flocs of
individual particles is greater than upward movement of sediment

due to the turbulence of flowing water. Turbulence is related to







consolidated sediments require extremely high velocities to erode
them and such high velocities do not usually occur naturally due
to tidal or wave action. With compaction the shear strength of
bay muds increases by up to two orders of magnitude (Krone and

Ariuthuria 1977).

Tﬁe bathymetry of a bay like Richardson Bay, therefore,
evolves as a cyclical process of sedimentation and scouring of
freshly deposited sediments. In areas that are sheltered from
wave action, or do not have strong tidal currents, there is a net
accumulation of sediment year by year. If this accumulation
exceéds thé rate of sea level rise, which in San Francisco Bay is
v bfeseﬁtiyJapprdxiﬁately'z ﬁm/year (Atwater et al 1977), then net

shoéling~eventuaily’converts open water into mudflats and marshes.

‘Inv Richardson ﬁay the primary natural erosive mechanism 1is
wave action. Strong summer sea breezes from the west-northwest
and winter storms from the southeast can generate sufficient wave
action to scour and resuspend sediments deposited on the bottom
during periods of calm. However, there is an equilibrium
established between wave action and sedimentation rates. As an
area gets shallower the waves are able to erode the sediments
easier by exerting greater shear stresses on the deposited
sediments. Thus the bottom depths in the wide shallow expanse of
Richardson Bay represent a balance between erosive wave action
and sedimentation. The result of this balance can be seen in the

current hydrographic map (Fig 2) where bottom depths are slightly






deeper on the eastern side of the bay, which is directly exposed

to wave action from west-northwest winds.

Anbther important natural erosive mechanism separate from
wave activity is the action of tidal currents. Because of ;he
deeper depths on the eastern side of the bay, tidal current
velocities are higher, causing scouring and deeper channels to
develop in a few places where tidal flows are concentrated.
Further upstream in tﬁe shallow areas protected from wave action
tidal currents are the major erosive mechanism, and tidal cur-
rent velocities maintain distinct slough channels that meander

through mudflats and salt marshes.

Bioturbation, vthe.movement of sediment by benthic organisms
such as molluscs and worms, can also be a very important factor
in resusﬁéndiﬁg éédiments.' These organisms not only loosen
cdnsolidated sediments, making them easier to erode by wave
action and tidal currents, but also directly resuspend sediment
during feeding. No data is available for Richardson Bay; however,
in the South San Francisco Bay worms resuspend sediment particles
about 15 times before they are finally deposited permanently on

the bed, moving them several kilometres (Hammond 1983). ‘

C. The Hydraulics of Richardson Bay

The movement of water in Richardson Bay is dictated
primarily by the ebb and flow of the tides and the bottom

topography. It is also affected by wind action, freshwater

$=13~






Table 1
1
TIDAL CHARACTERISTICS OF RICHARDSON BAY

NGVD Datum ft MLLW Datum ft
2 2
100~yr high tide 5.6 8.4
MHHW mean higher high water 2.6 5.5
MHW mean high water 1.9 4.7
MIL mean tide level 0 2.8
MLW  mean low water -1.9 1.0
MLLW mean lower low
water -2.8 0

1
Sausalito and Vicinity tide gage No. 85.

2
National Oceanic and Atmospheric Administration
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schooners céuld sail up the slough channel of Arroyo Corte Madera
del Presidio at high tide to Mill Valley, this rapidly became:
unnavigable, as can be seen by comparing the 1858 and 1895
hydrographic surveys. In addition, salt marsh areas in the upper
part of the Bay have been converted to wupland meadows by

sedimentation.

As the aréa became settled, filling and diking of the
surrounding marshes took place. The construction of the two
branches of the Northwest Pacific Railroad (NWPRR) along the
Tiburon and Sausalito shores also cut off tidal action to these
salt marshes (See Fig 1). Now only approximtely 100 acres of

saltmarsh remain out of about 700 acres existing a century ago.

Sedimentation - and filling of marshes in the upper part of
the Bay reduced the tidal prism (the volume bf water between high
and low tides), and, hence, the scouring action of the tides;

consequently, the slough channels in this area silted up.

The major changes in Richardson Bay's morphology have taken
place in the last 50 years. The 1948 hydrographic survey (Figure
3) shows somewhat shallower depths in the main part of the Bay,
about a foot less than the 1895 survey. This shoaling pattern is
in common with similar surveys in other parts of Northern San
Francisco Bay and- was probably due to increased suspended
sediment concentrations throughout the Bay system resulting from
the after—effects of hydraulic mining in the Sierra. This

sediment "wave" was first deposited in Suisun Bay about 100 years

-17-
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ago, and over the years migrated seaward, reaching Northern San
Francisco Bay about 40 years ago (Krone 1979). The most recent
hydrographic survey (1978), Fig 2, indicates that the "wave" has
now passed through the system and water depths in the main part
of Richardson Bay are deeper and similar to those occurring 80
years before. (In Belvedere Cove however, water depths are now

about 2 ft deeper than they were 80 years ago).

ﬁufing the ksecond world war, the Marinship 1liberty ship
construction 'yard was built in Sausalito. This required
extensive dredging for both a deép launching basin and a 20 ft-
deep approach channel to deep water. Since the war, a portion of
the yard has'been used by the Corps of Engineers as a base for
its dredges. Although most of the launching basin has been
7 aﬁandoﬁgd; a pdrtioﬁ iof, it and the approach éhannel .are now
dredgéd ,to‘_about 30 fﬁ by therCorps; The éxistence: of‘,this
artificial,. deep channel has a significant effect on cifculation
in the Bay, as it concentrates the ebb and flow currents along
the Sausalito 'shore, rather than along the Belvedere shore as

probably occurred naturally.

In addition to the Corps of Engineers' Sausalito Channel,
other significant changes have been made to Richardson Bay. The
dredging of the Salt Works Canal and Strawberry Lagoon created
Strawberry Spit in the 1950s. Although the Salt Works canal has
largely silted in, it still concentrates strong tidal currents

along the shore of Strawberry Spit.

-21-~







E) Future changes in Richardson Bay

Over the next 100 years, several changes will occur that

affect sedimentation and tidal circulation in Richardson Bay.

The construction of dams on Sierra Rivers have reduced high
flood flows, diverted a substantial portion of the Delta outflow,
and trapped sediments in their reservoirs. This will reduce the
amount of sediment delivered to San Francisco Bay. Between 1960
and 2020, the total sediment delivery is expected to be reduced
by 50% (Krome 1979). 1In addition, the reduction of high flood
flows will reduce the mixing of turbid freshwater into Richardson

Bay. These effects would tend to reduce shoaling rates.

At the same time, however, the urbanization and modification
of the surroundiﬁg watershed will continue to provide higher
levels of sediment‘to'the Bay than occurred naturally. This
would tend to increase shoaling rates. The net effect on average

‘'suspended sediment concentration is uncertain,

Sea level will continue to rise. The rate of rise over the
last 6000 years has been about 2mm/year. At this rate
sedimentation will probably keep pace with sea level Trise,
maintaining fairly closely the existing bathymetry of the Bay.
Some scientists argue that this rate will accelerate over the
next 100 years to an average of about 10 mm/year due to the rise
in atmospheric CO 1levels and consequent warming of the global
climate (Hoffman %983). This would cause dramatic long term

changes in the morphology of Richardson Bay, flooding low lying

areas in Sausalito, Mill Valley and Tiburon.)

-23-






Table 2

SUMMARY OF HISTORIC MAJOR DREDGING ACTIVITIES,

Location

Marinship turning
basin

Marinship channel

Sausalito Yacht
Harbor

Salt Works Channel

Clipperb#Z

Mill Valley small
craft Harbor
(Pickleweed inlet)

-Clipéer i#3

Shelter Bay Apts

Clipper #4

.Kappas

Cove Apts

Sausalito Y.C.

Pelican

Sausalito Y. H.

Deak

Sausalito Y.H.

Corps of Eng.
Channel

RICHARDSON BAY

Date Depth  Volume

1942 -13 ?

1942 -20 ?

1948 -10 ?
~ 1955 -8 ?
~41955 -8 ?

1968 -8 660,000

1957 -8 ?
~ 1957 -6 ?

1967 -8 66,000
~ 1964 -8 ?

1963 =5 ?

1972 -8 9500
~ 1978 ? 9500

1978 -8 ?

1978 =47 10,500

1983 -8 ?
1946-83 -28 ?

_25_

Remarks

Initial

" Actually dredged to =7

Mainteﬁance
Initial
Maintenance
Initial

Maintenance

Maintenance




Table 3

SUMMARY OF OBSERVED SHOALING RATES

*Design depth

Location Initial Final Time Depth of Shoaling Average  Remarks
Date Depth Date Depth Period Shoaling Rate Depth
ft/yr
Clipper #1 1951 -17 1978 -9 27 8 0.30 -13.0
Marinship 1948 -13 1978 -8 30 5 0.17 -10.5
Launching 1978 -8 1982 -7 4 1 0.25 -7.5
Basin 1948 -13 1982 -7 34 6 0.18 -10.0
Clipper #2 1955 -8% 1978 -3 23 5 0.22 =5.5
Clipper #4 1967 -8% 1978 =3 11 5 0.45 -5.5
Kappas 1964 -8% 1968 -7 4 1 0.25 -7.5
1968 -7 1982 -4 14 3 0.21 -5.5
1964  -8%* 1982 =4 18 4 0.22 -6
Shelter Bay ~ 1963 - -6% 1978 =4 - 15 2 0.13 -5
Mill Valley S : :
Sm. Craft H. 1968 -7 1978 =4 10 13 0.30 -5.5 Influenced
' ' ' ' by tidal
currents
The Cove 1963 ~ -5% 1978 -1 15 4 0.27 -3
Beckwith
Channel ~~ 1964 -8%* 1978 -1 14 7 0.50 -4.,5 Channel
Cove channel ~ 1964 -6% 1978 -1 14 5 0.36 -3.5 Channel
Salt Works
Canal ~1965  -8%* 1978 -2 13 6 0.46 -5 Channel

_26_ .




Table 4

Index of hydrographic surveys used in determing shoal rates

No. Date Description : Source Scale Resolution, ft
1895-6 Richardsons Bay UsSC & GS 10,000 + or - 0.25

1 1948 Richardson Bay H-7704 NOS 10,000 + or — 0.25

2 .10/31/51 -Corps channel, before COE 2,400 + or - 0.25
dredging

3 11/28/51 Corps channel, after " " + or - 0.1
dredging

4 9/63 Saucelito Canal " " + or - 0.1

5 11/9/67 Corps channel before " " + or - 0.1
dredging

6 1/22/68 Corps channel after " " + or = 0.1
dredging

7 4,5,6/68 Saucelitd Canal . " " + or = 0.1

8 7/23/71 ' sausalito Yacht Harbor Towill,.Inc. 2,400 + or - 0.5

9 1978 Richardson Bay H-9793 NOS , : 10,000 + or - 0.25

10 9/23/81 Operations Base C of E 2,400 +or - 0.1

11 1/11/82 . n " " " "

12 6/30 and

7/ 1/82 " " " n "
13 10/8/82 Saucelito Canal Towill, Inc. " "

-27~
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accumulating on side slopes tends to flow or slump into the
basin. Side slopes can, thus, act to enlarge the '"catchment"
area of the marina basin, increasing shoaling rates where the
basin is deepest. For most marina basins in Richardson Bay the

sideslope effect would be small.

B. Shoaling rates in houseboat marinas.

. The houseboat marinas at Waldo Point and Gates 6 and 6
1/2 have not been dredged and are located on the undisturbed
shallow bottom of Richardson Bay. Based on the 1948 hydrographic
survey , the equilibrium depth in these areas, where erosion by
wave action is balanced by siltation, appears ta have been about
+1 ft MLLW in the Gate 6 and 6 1/2 marinas and about -1 ft MLLW

in the Waldo Point area.

The construction ofk‘thé Kappas Spit and the Clipper #4
Marina in the 1960s provided‘shelféringvfrom wave action. In the
mostksheltered portions of the houseboat marinas, the eastern end
of Gate 6, the shoreward end of Gate 6 1/2, the shoreward part of
the Yellow Ferry Harbor, and the shoreward part of the Waldo
Point area, about onme foot of shoaling has occurred in the last
20 years, making a net shoaling rate of roughly 0,05 ft/year. It
should be noted that such low shoaling rates are difficult to
identify on hydrographic maps whose accuracy is within plus or

minus 0.5 ft.

Once the intertidal mudflats are raised above an elevation
of about +2 ft, they are susceptible to colonization by spartina

or cordgrass. When this occurs, sedimentation rates will

-31-







However, this channel now conveys ebb and flow tidal currents and

the existing channel is probably self maintaining.

The natural deepwater channel in the upper part of
Richardson Bay also appears to be in equilibrium. Detaiied
surveys in 1963 and 1968 showed no significant change in the
period immediately after substantial filling of marshland in Mill

Valley.

The Corps of Engineers channel is frequently dredged to
depths of between 27 to 30 ft. Unfortunately siltation rates
cannot be estimated directly from hydrographic maps, because the
dredgers based in Sausalito will often remove sediment from the
channel on théir way out to another site in San Francisco Bay.
The Corps of Engineers has reported an annual average dredging of
25,000 cubic yards (Corps of Engineers 1975), which is equivalent
to a sedimentation raté of about 0.5 ft/&ear. This rate is
similar to thoée occurfing in other channels: in Riéhardson Bay
and 1is higher than the sedimentation rate in sheltered marinas,
probably because of the sideslope effect and because of low tidal
current velocities in the channel.

Measuring sedimentation rates in channels by comparing
hydrographic surveys can be complicated by the erosive effects of
boats' propellers. In some instances, for example, along the
Salt Works Canal, this has been used from time to time as a

method of dredging.

$-33-







watershed varies greatly from year to year. (It should also be
noted that siltation from suspended sediment carried in by the
tides varies from year to year, but not to the same extent as
that brought in by 1local runoff. Suspended sediment
concentrations in San Francisco Bay in the winter and spring of
1983 were considerably higher than normal, due to high Sierra

runoff).

Siltation from the surrounding watershed may also cause
extensive local shoaling as sand and gravel bars at the mouths of
creeks and storm drains. Such coarse sediments usually cannot be
moved by the weak wave and tidal forces acting on them. Although
their total volume is not large, several of these sand bars have
formed where"stérm drains discharge into marinas and can cause

local navigation pfqblems.

E. ‘Impact of marina development on sedimentation rates

The primary impact of wmarina development on
sedimentation rates is to increase net siltation by the reduction
of wave-induced erosion. Breakwaters, piers, floating docks, and
moored vessels reduce wave energy and shelter the areas downwind.
This not only increases net siltation within the marina but also
in adjacent protected areas. Thus, the high concentration of
marinas, moorings and filings along the Sausalito waterfront has
resulted in the shoaling of areas the formerly were 5 to 6 ft

~35-






allowing for inaccuracies in dredging of about 1 ft. This means

that basins and channels need to be maintained at -8 ft MLLW.

Although most of the marinas were originally dredged to =8
ft MLLW, they have been allowed to silt in over the years to
about -4 ft MLLW. This does not appear to have significantly
impaired the marina operation, because, as can be seen from
Figure 5, a -4 ft MLLW depth allows flotation 83% of the time for
a 5 ft draft boat. Some parts of the Kappas and Clipper marinas

apparently now have depths of -3 ft MLLW.

The 8Salt Works Canal has silted to about -3 ft MLLW,
limiting the navigation of 5 ft draft boats berthed in Strawberry

Lagooh.to 70% of the time.

In the -Cove and Shelter Bay Marinas shoaling 1limits the
depth to about -1 ft MLLW. However, mainly cabin cruisers are
‘kept in these harbors. A 2 ft draft vessel would, therefore, be

able to navigaté approximately 83% of the time.

For houseboats the only '"navigation' requirement would be
the ability to move the boat for relocation or repair. This
could be done at high tide. Therefore, provided depths are no
shallower than about + 2 ft MLLW for a 4 ft draft houseboat,

there would be little difficulty moving it in a spring tide.

B. Channels, Fairways and Anchorages.

At present there is only one actively maintained
navigation channel in Richardson Bay. This is the Corps of

Engineers channel to its operations base and turning basin (see

-37-
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Figure 6). The channel is about one mile long, 300 ft wide and
officially maintained to =23 ft MLLW (Corps of Engineers 1975).
However, it is actually dredged deeper to between -27 and -30 ft
MLLW. Unlike. other Corps of Engineers' maintained channels this
is not a congressionally authorized project, but is considered to
be part of the maintenance expense of the operations base. The
- channell_is dgnoted by navigation marks placed along its northern

side and maintained by the U.S. Coast Guard.

The maintenance of the Corps channel in an area that would
naturally have depths of about -4 ft MLLW to -5 ft MLLW is very
important- for the operation of all the marinas along the
Sausalitg shoreline. Boats using the marinas to the east of the

"opefatioﬁé"yérd:éan'sail diréctly into the channel and out into
.San Franciécovﬁaf;'b The Marinship Yacht Harbor, - the'Clipper #2,
#3: and‘#A mafin;s to thé ﬁest ﬁavevdirect acééss to the cﬁannel
'vié  thé‘deépe£ &atér of the former Marinship launching basin,
formerly dredged to -13 ft MLLW, but now silted in té -7 ft MLLW.
Boats in the Kappas marina have to navigate the shallows before
reaching the former launching basin. If they use the deeper
natural channel along Strawberry Point, the limiting depth is
about -4 ft MLLW. Further upstream, boats in the Shelter Bay
.Mérina 'arevlimited by depths of about -1 ft MLLW in the natural

channel.

An extension of The Corps channel to a proposed harbor in
Mill Valley, refered to as the Saucelito Canal, was authorized

by Congress in 1970, but was never dredged because of its high

—41-
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cost, and is now considered an "inactive" Corps of Engineers
project. This channel was to have been maintained to -8 ft MLLW

(see Figure 7).

The Salt Works canal is neither authorized by the Corps nor
maintained; however channel markers have been placed to assist in
navigation and to help minimize intrusion on the seal haulout on
Sfréwbeff§u85it;' The channel is approximately 80 ft wide and was
originally dredged to -8 £t MLLW primarily to provide fill

material for Strawberry Spit.

The 1limiting water depth for boats travelling to Strawberry
Lagoon 1is the -3 ft MLLW of the Salt Works canal. For boats
* travelling to the Cove Marina the limiting depth is about -1 ft

" MLLW in the chahnelioutside.

' f‘: ‘At';preseAt;éai1boats tfaveliing ffom uppéf Richardson vBay
btypiéaliy mbtbr to the launching basin area before raising their
sails. The 1large size of the launching basin, its sheltered
location, and its orientation to the prevailing west—-northwest
winds 1is ideal for this purpose. Also, the only fuel dock in

Sausalito is located in the launching basin area.

The entire Richardson Bay is designated by the U.S. Coast

' which means that small craft need

Guard as a "special anchorage,'
not display anchorage lights except in 'designated channels,"
The only presently designated channel is the Corps of Engineers

channel. Within Richardson Bay there are no other designated
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moorings or regulation of anchorages. The preferrable anchorages
for small boats are the most sheltered areas in the lee of Kappas
Spit and in the launching basin. However, moorings in these two
locations often conflict with navigation requirements, both for
boats wusing Kappas Marina, upper Richardson Bay and the Salt
Works canal, and for all boats using the launching basin to set
sail or to fuel, The conflict is sometimes aggravated by boats
and houseboats in these areas, using of long mooring lines tied

to privately installed anchorages.

5. Ekisting'Maintenance Dredging Requirements.

A, Dredged volumes.

Maintaining the existing level and type of boat
use in Richardson Bay will eventually require continued
t maintenancé'dredging'for the following:

1. The ma:ina baSiné. -
2. The former Marinship launching basin

3. The Corps of Engineers channel and basin

Assuming no substantial change in average siltation rates or
acceleration in sea level rise, and assuming -4 ft MLLW to be the
minimum acceptable depth for the typical 5 ft draft boat, the
total long term average annual dredging requirement will be
~approximately 60,000 cubic yards per year, of which 25,000 cubic
yards per year is required for the Corps channel. This total is

broken down as shown in Table 5.

In the houseboat marinas gradual siltation will continue to

occur in the most sheltered areas resulting in the formation of

-49-




Table 5

Summary of long term maintenance dredging requirements

. Location Siltation Existing Future
Rate Area Annual Area Annual
ft/yr acres Vol acres Vol
cy/yr cy/yr
Sausalito Yacht 0.2 20.2 6500 20.2 6500
Harbor
Pelican " 5.6 1800 5.6 1800
Zacks " 1.0 300 1.0 300
Ducorp " - - 2.5 800
Clipper #1 n 1.3 400 1.3 400
South Pier " - - 2.5 800
Jerry's Marinship " 4.4 1400 4.4 1400
Clipper #2 " 4,6 1500 4,6 1500
Clipper #3 _ " 7.0 2200 7.0 2200
Clipper #4 . " 6.9 2200 6.9 2200
Kappas‘-- A 5.0 1600 5.0 1600
- Shelter Bay - _ " 3.0 1000 3.0 1000
Strawberfy Lagoon " 2.5 800 5.0 1600
The Cove " 3.0 1000 3.0 1000
Corinthian " 11.5 3700 11.5 3700
Tiburon " 4,0 1300 4.0 1300
(zacks) " - - 11.0 3500
(Dorade) " - - 3.0 1000
(Schoonmaker) " - - 5.0 1600
(Deak) " - - 3.0 1000
Marinship Launching
Basin " - - 20.0 6500
Saucelito Canal(part)0.5 11.5 9300 11.5 9300
Corps channel 0.5 - 25000 - 25000
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salt marshes around the boats in these locations. In order to
prevent some of the houseboats from being immobilized, it 1is
estimated that an average of abéut 2000 cubic yards per year of
sediments would have to be removed. However, it is more likely
that because of potential water quality problems due to
pollutants in the muds, no dredging will take place and some of
these houseboats will eventually be surrounded by salt marsh,
prevénting their removal or replacement. Therefore, the 2000
cubic yards/year has not been included in the total maintenance

dredging requirement.

In the deeper part of the houseboat marinas where there is
sufficient wave energy to maintain existing water depths there

probably will not be any need for maintenance dredging.

B. Dredge Spoil Disposal.

The major constraints on dredge spoil disposal are the
presence ‘of contaminaﬁts in the mud and the ayailability of a
suitable disposal site. Provided the level of contaminants in
the dredged mud is not excessive, the Alcatraz disposal site or
the experimental disposal site in Raccoon Strait could be used.
If contaminant 1levels were high as determined by mud elutriate
tests carried out in accordance with Corps of Engineers
procedures, dredge spoils would have to be disposed of on land or

outside the Golden Gate beyond the 100 fathom line.

Generally, the major water quality problems are those
resulting from the reintroduction of heavy metals contained in

the sediment, such as mercury, lead, and cadmium, back into the
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sea water where it can pass into the food chain. The highest
concentrations of heavy metals usually occur where urban runoff
sediments haze accumulated over a long period of time, e.g.,
adjacent to storm drain outlets, or where industrial processes
such as shipbuilding have taken place. This is reflected in mud
samples taken by the Corps of Engineers in Richardson Bay, which
generally show higher heavy metal concentrations at the upper end
of the Bay by the Highway 101 bridge and adjacent to the
Marinship site. Heavy metal concentrations for these samples lie
within the range of 3 to 89 ppb for lead, 13 to 10.5 ppdb for

mercury and 0.33 to 2.4 ppb for cadmium (Corps of Engineers

1975).

\AfCer the initial dredging, mud from later maintenance
dredgingsi,is usually of better quality because of the shorter
pepiod of. time of accumulation and the elimination of many
pollutant sources. Only in the most industrialized parts of San
Francisco Bay such as the Oakland Eétuary, have there been
problems with polluted muds from maintenance dredgings.
Therefore, it is unlikely there will be water quality
restrictions in disposing of maintenance dredge spoils at the
Alcatraz site. The only locations where problems could possibly
arise would be in shallow water areas adjacent to storm drain
outfalls or in the first maintenance dredging of the Marinship

launching basin.

C. Dredging Costs

The major <cost in dredging is the expense of
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transportation to the disposal site. Because of the proximity to
the Alcatraz dredge disposal site, which is located only about
four miles from the Sausalito waterfront, dredging costs should
be low and typically in the $5 to $6/cubic yard range. A
conventional clam shell dredging operation loading directly into
barges can be used for all the existing maintenance dredging
requirements, except for any deepening required for houseboat
. areas., Here the dredging operation may be restricted by shallow
depth to periods of high tides. Therefore, overall maintenance

dredging costs for houseboat marinas would be higher.

Dredging costs would be lower for the Belvedere Cove
maintenance dredging if the experimental Raccoon Straits disposal
site is eventually approved. At present the major concern with
this HiSposal.-Site»is whether there is adequate dispersion of

sediments.

6. Fﬁtﬁfé'Naﬁigatiénal Requirements

The proposed new marinas at Zack's, Ducorp, and Schoonmaker
will be located immediately adjacent to the Corps channel and,
consequently, would not change the existing navigational
requirements. However access channels from the proposed marina
basins to the navigation channel would have to be dredged and

maintained.

Completion of the Deak marina will require access to the
Corps channel via the Marinship launching basin. This launching
basin is silting up and, in any event, will require maintenance

dredging in the future. The increased use of the area by boats
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Marina would be about 1.4 miles and the Salt Works canal would
also be approximately 1.4 miles. 1If channels were maintained 100
ft wide to -8 ft MLLW, the average annual maintenance dredging
redui:ement would be approximately 14,000 cubic yards for each.
These channels are not used by significant numbers of deep draft
boats and no additional future increase in boat use is 1likely.
Because of the high costs dredging of these channels is not

recommended.

7. Proposed Navigation and Maintenance Dredging Plan

A proposed navigation and maintenance dredging plan is shown
in Figure 8. This plan is intended to provide fbr navigational
aécess to marinas and other boat facilities and suitable areas
for anchorages while minimizing maintenance dredging requirements
and costs.

Its ﬁain features are as follows:’

1.  Continuation of dredging of thé existing Corps channel
and turning basin to be maintained at the present
depths and width in any event or no shallower than -10'
MLLW.

2. Designation of navigational fairways and anchorages as
recommended by the Sausalito Fairways and Anchorages
Committee (see Figure 9). Maintenance dredging to
be carried out in those fairways not included in the
Corps channel or private marinas to a minimum depth
of -8 ft MLLW.

3. Designation of a 200' wide Saucelito Canal along the

natural deep water channel along the northern side of
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the upper Bay from Shelter Bay to Strawberry Point and
the Marinship launching basin. The upper part of the
Saucelito Canal beyond Kappas Marina would not be
dredged.

4, Designation of a navigation channel from Kappas Marina
to the Saucelito Canal and dredging of this channel

. and the Saucelito Canal to the turning basin to

-8 ft MLLW approximately 100 ft wide.

5. Designation of a 200' wide navigation channel from the
Cove through Strawberry Lagoon to connect with the

Saucelito Canal. This channel would not be dredged.

The profosed navigation and maintenance dredging plan would
be. administered ‘by a harbor authority whose responsibility would
be to ﬁlan and supervise dredging activities, to ensure that all
regulatory agency conditions were met, to ensure that navigation
channels were. Lkept free of moorings, pilings, boat docks or
sunken vessels and to install and maintaiﬁ navigational aids.
Such an authority would be able to coordinate dredging activities
so as to achieve economies of scale and also to minimize

procedural delays which would also help reduce costs.

8. Conclusions and Recommendations

A. The western shore of Richardson Bay is a very suitable
location for small boat harbors because of its
sheltered position and proximity to the Golden Gate.

B, Sedimentation rates in marinas are markedly lower in

Richardson Bay than elsewhere in San Francisco Bay,
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C.

H.

primarily because of its partial isolation from the
main circulation system of the rest of San Francisco
Bay.

Typical average sedimentation rates in Richardson Bay
marinas amount to about 0.2 ft per year.

Typical average sedimentation rates in artificial chan-
nels in Richardson Bay amount to about 0.5 ft per year.
Water depths in most of Richardson Bay appear to be
stable and in equilibrium with natural sedimentation
and erosive forces. In fact, the natural shallows and
mudflats of Richardson Bay appear to be experiencing a
small net rate of erosion over the last 30 years, pro-

bably because the effects of the Sierra hydraulic

mining on suspended sediment concentrations in San

Francisco Bay have now béen dissipated.

Wifﬁ the existing marinas and pattern of boat use, long
ﬁerﬁ maintenance dredging requirements for Richardson
Bay will be approximately 60,000 cubic yards per year, of
which approimately 25,000 cubic yards per year is
attributed to maintaining the Corps of Engineers
channel to its operations base.

With future additional marinas the long term main-
tenance dredging requirements for Richardson Bay

will be approximately 76,000 cubic yards per year.
Dredging costs for marinas in Richardson Bay are
comparatively low, due to their proximity to the

Alcatraz dredge spoil disposal site.
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I.

K.

L.

M.

0.

The former Marinship launching basin, last dredged in
the 1940s, acts as a focal point for boating
activities, and will need to be dredged in the future.
Unregulated anchorages in the launching basin area and
in the channel leading from the Strawberry Spit and the
upper part of Richardson Bay are an impediment to
navigation.

Naﬁigation channels to the Kappas Marina, Shelter Bay,
Strawberry Lagoon and the Cove Marinas should be desig-
nated and marked to help prevent obstruction of naviga—
tion in the natural deepwater channels.

Maintenance dredging of the Salt Works Canal and the
Saucelito Canal beyoﬁd Kappas Marina are not
recommended because of high cost TFor 100-ft wide

channels, an average of approximately 28,000 cubic yards

. of sediment would have to be removed per yeaf.

Depths inkboth the existing Salt Works Canalland in the
natural channel to the upper part of the Bay appear to
be in equilibrium with the tidal currents so that
additional shoaling is not anticipated.

The proposed channel from Strawberry Lagoon across the

‘base of Strawberry Spit would divert tidal action from

the‘Salt Works Canal, probably resulting in its shoaling.
However, this effect can be compensated for by allowing

for navigation access from the Cove Marina through Strawberry
Lagoon.

If a channel is dredged from the launching basin to the

Kappas Marina, its natural scouring would be improved

-63-







REFERENCES

Alishai, M.R. and R.B. Krone. Undated manuscript. Suspension of
Cohesive Sediment by Wind-Generated Waves. Hydraulic
Engineering Laboratory, University of Calif., Berkeley, 24 pp.

Ariathurai, R., R.C. MacArthur, and R.B. Krone. Mathematical
Model of Estuarial Sediment Transport, Dredged Material
Research Program, Technical Report D-77-12, U.S. Army Corps of
Engineers. 70 pp.

Atwater, B. F., C.W. Head, and E. J. Helley. 1977. Late
Quarternary Depositional History, Holocene Seal Level Changes
and Vertical Crustal Movement, Southern San Francisco Bay,
Calif., U.S. Geological Survey Professional Paper 1014, 15 pp.

Connor, C.L. 1983. Holocene Sedimentation in Richardson Bay,
Calif. U.S. Geological Survey Open File Report, 21 pp.

Conomos, T. J., R.E. Smith, D. H. Peterson, S. W. Hager, and L.E.
Schemel. 1979. Processes Affecting Seasonal Distribution of
Water Properties in San Francisco Bay Estuarine System,
San Francisco Bay, The Urbanized Estuary, T. J. Conomos, ed.,
American Association for the Advancement of Science, Pacific
Division, pp. 115-142,

'Hammond;‘D. 1983. Personal communication.

Hoffman, J.S. 1983. Protecting Sea Level Rise to the Year 2010,
Coastal Zone '83, pp. 2784-2795.

Krone, R.B. 1962. Flume Studies of the Transport of Sediment in
Estuarial Shoaling Processes. Hydraulic Engineering
Laboratory, University of Calif., Berkeley, 110 pp.

Krone, R.B. 1979, Sedimentation in the San Francisco Bay
Systen, San Francisco Bay, The Urbanized Estuary. American
Association for the Advancement of Science, Pacific Division,
Ppo 85-960

Means, K.D. 1965. Sediments and Foraminifera of Richardson Bay,
Calif. M.A. thesis, University of Southern Calif., 80 pp.

Sausalito Fairways and Anchorage Committee, 1974, "Sausalito
Fairways," 24 pp.

U.S. Army Corps of Engineers, 1975. Maintenance Dredging,
Federal Navigation Projects, San Francisco Bay Region, Calif.
Draft, Composite Environmental Statement and Appendices, San
Francisco, Calif.

_65_







TECHNICAL APPENDIX

ANALYSTIS OF SEDIMENTATION RATES

IN RICHARDSON BAY






Introduction

As part of the preparation of the navigation and maintenance
dredging plan, Philip Williams & Associates examined the physical
processess affecting sedimentation in Richardson Bay. At first
the wuse of a hydrodynamic computer model was evaluated to
calculate the tidal currents and consequent sedimentation rates
throughout the Bay. However, analysis of channel sedimentation
'féteé”showed that in the areas of interest tidal current scouring
was not the major factor influencing siltation. Furthermore, the
majority of the marinas and channels that will require
maintenance dredging are located in relatively sheltered areas
7 with both low tidal current velocities and limited wave action.
As an approximation, therefore, a simple sedimentation model was
ﬁséd .fhat‘ééSﬁméd the marinas and channels behaved similar to a
Elbééd:baSin SuEﬁect to»the inflﬁx of sédimént laden water during
'-a*aiurhal tidal'éycle; |

‘J"Thié:éppéndi# déscribes the équations for cohesive.estuarine
-sedimentation used in this model. By applying these equations to
the conditions in Richardson Bay, the long term siltation rates
are calculated and the causes of siltation are examined. In
particular, the equations are used to show that sedimentation
brates afe strongly dependent on suspended sediment concentrations
which appear to be significantly lower in Richardson Bay than the

rest of San Francisco Bay because of Richardson Bay's location.

Siltation in Closed Basins

The deposition of cohesive sediments is influenced by three

factors: 1) the probability that an individual particle will

A -1







sediments concentrations, cohesive sediments bond together into
larger aggregates, known as flocs, which have a much higher
settling = velocity than the individual particles. This
relationship is evident in the equation for settling velocities:
Ve = ™ K
Where \45= the average settling velocity of the particles and
flocs
C = suspended sediment concentration

\<;= an empirical constant evaluated at 0.55

Through experimentation, Ariathurai and Krone (1977) £ound
that the settling velocities and probability of particles
sticking to the bed are related to sedimentation rates by the

following equations.

de _ ——:PV\IS_C_;
de - T d

_ which can be solved to give

C.=\O

change in suspended sediment with time

(\lgp-&

where
= jnitial suspended sediment concentration
= new suspended sediment concentration

= time

o7 0 HHY

= average depth through which the sediment settles

These two equations were used to compute the sedimentation

rates in closed basins with tidal and suspended sediment







Francisco Bay, it is considerably higher than typical suspended
sediment concentrations of waters in Raccoon Straits which are
generally in the range 10 to 40 mg/l. Therefore, it appears that
the sediments of the mudflats and shallows of Richardson Bay are
resuspendgd and locally recirculated within the Bay.
Consequently, the artificial marinas and channels are acting as
sinks to trap these sediments in the recirculation process.
Because of the 1low average annual suspended sediment
concentration; the variation in siltation rate with depth shown
in Figure 4 is not very significant within the normél navigible
depth range. For example, at -8 ft MLLW the annual siltation
rate is 0.20 ft/year, whereas at -2 ft MLLW it is 0.19 ft/year.
Consequently, unlike othef areas of San Francisco Bay with higher
averaée‘ énnhal.fsusﬁended sediment concentrations there is no
sigﬁificéﬁt édVéﬁtégeiinbmaintaining marina basins to a shallower -

depth in order to_reducé maintenance dredging requireménts.
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