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INTRODUCTION 

During the public review of the staff report on Commission Mitigation 

Practices (March 1987), some testimony was received alleging that the 

individual and cumulative impacts of administratively authorized projects 

classified as "minor repairs and improvements• might be significantly 

affecting Bay resources. In an effort to understand how these minor fills are 

impacting the Bay, the Commission initiated a study of the most common 

category of minor fill projects administratively authorized--the installation 

of structures to protect shoreline property from tidal erosion. In 

particular, the Commission asked the staff to determine: (1) the number of 

projects and the amount of fill administratively authorized for shoreline 

erosion control; (2) how such fills may be impacting Bay resources; (3) 

whether approved projects adequately protect shoreline property from erosion; 

(4) whether alternative erosion control measures exist that would better 

protect shoreline property and minimize the amount of Bay fill and adverse 

impacts on Bay resources; (5) whether mitigation for proposed erosion control 

fill projects should be required; and (6) whether the Commission should change 

its procedures and practices concerning mitigation for administratively 

authorized fill for minor repairs and improvements. 

This report addresses the concerns the Commission instructed the staff 

to analyze. The first chapter reviews the Commission's authority to authorize 

fill for shoreline erosion control, describes the environmental analysis 



typically given to such projects, and discusses local, state, and federal 

government practices in reviewing and authorizing erosion control structures. 

Chapter II describes the forces which act to erode shorelines and 

discusses natural defenses to these erosive forces. 

Chapter III reviews erosion control structures and measures that are 

commonly employed to halt or slow shoreline erosion, their relative costs and 

effectiveness, their environmental impact, and the factors that typically lead 

to failure of protective structures. This chapter focuses on those structures 

and measures that have been used, or have the potential for use, in San 

Francisco Bay. 

Chapter IV discusses the methods used to evaluate the individual and 

cumulative impacts of administratively authorized projects for protecting 

shoreline property from tidal erosion in San Francisco Bay. This chapter also 

calculates the approximate amount of Bay shoreline, surface area, and volume 

that have been affected by administratively authorized shoreline erosion 

control projects during the ten year study period. 

In Chapter v, shoreline uses protected by erosion control efforts are 

described, including the public benefits derived from their protection. 

Chapter VI evaluates the Bay resource impacts of administratively 

authorized shoreline erosion control projects over the past ten years. This 

chapter summarizes field observations of the environmental impact and 

effectiveness of these projects, describes alternative protective strategies 

that hold promise for use in San Francisco Bay, and discusses some of the 

practical considerations of requiring more extensive Commission and staff 

review of such projects. This chapter specifically addresses whether 

mitigation should be required to offset the impacts of such fills. 
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Chapter VII presents the staff's conclusions based on it's review of t he 

literature, permit files, and field investigations. 

The report concludes with recommendations for improving the Commission's 

knowledge of how s uch projects will impact Bay resources, assure that 

protective structures are properly designed to increase their effectiveness 

and reduce their impacts, and the circumstances for which mitigation may be 

appropriat e. 
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CHAPTER I. 
AUTHORITY TO AUTHORIZE 

EROSION CONTROL STRUCTURES 

Th is chapter summrizes the Commission's authority to permit fill to 

protect shoreline property fro m tida l erosion, the policies and proced ures 

currentl y used to authorize most such fil l ing adm i nistratively, and the 

environmenta l analysis typicall y given to such projects. A second section 

briefly explains th e authority, policies and procedures of other governmental 

agencies which regulate shoreline protection projects. 

Commission Authority 

Sect ion 6663 2 of t he California Government Code requires • ••. any person 

or governmental agen cy wishing to place, fill, to extract materials, or to 

make any substantial change in use of any water, land or structure, within the 

area of t he commission 's jurisdiction •.• • to first obtain a permit. The 

section goes on to define fill broadly t o include" ••. earth or any other 

substance or material .•. • Se ction 66610 of the California Government Code 

defines the area of the Commission's jurisdiction to inc lude all areas subj ect 

to tidal action within the Bay, and a shoreline band consisting of the first 

100-feet inland from the line of highest tidal action. 

Typically, work to protect shoreline property from erosion is placed in 

the Bay in the for m of levees, breakwaters, groins or other structures in the 

water. Add it ional ly , protective work also often involves fill or structures 

in the shoreline band . Consequently, almo s t all work to protect land or 

structures from the erosive effects of bay tidal forces occurs within the 

commission's jurisdiction and requir es a permit. 
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Most shoreline protective projects are reviewed administrativel y by the 

executive director; Section 66632(f) of the California Government Code, in 

part, states: 

... the Commission may provide by regulation, adopted 
after public hearing, for the issuance of permits by the 
executive director ••• in cases of emergency, or for minor 
repairs to existing installations or minor improvements 
made anywhere within the area of jurisdiction of the 
Commission including, without limitation, the 
installation of piers and pilings and maintenance 
dredging of navigation channels. 

Pursuant to this authority the Commission adopted section 1060l(a)(5) of 

the California Administrative Code, Title 14, which allows the executive 

director to grant administrative permits for: 

the installation of new protective works and repairs to 
existing protective works, such as bulkheads and 
riprap, in the minimum amount necessary to stabilize 
existing dikes and banks and to provide improved fish 
and wildlife habitat. 

Most of the projects analyzed in this report were approved pursuant to 

this above section . Another and more general section allows administrative 

action on projects i nvol ving minor fill for improving shoreline appearance or 

public access that does not exceed 1,000 square feet in area. Shorel ine 

protection may be an element of such projects. 

The executive director grants or denies an administrative application 

based upon the same analysis and findings that the Commission relies upon when 

it acts on applications requiring a public hearing. To grant an 

administrative permit, the executive director must be able to find that the 

project is either: (1) necessary to the health, safety, or welfare of the 

public in the entire Bay Area; or (2) is consistent with the provisions of the 
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McAteer-Petris Act and the policies of the San Francisco Bay Plan (California 

Government Code Section 66632(f}), 

Generally, t he McAteer-Petris Act limits fill projects that may be 

authorized to thos e where the public benefits from the fill clearly exceed the 

public detriment from the loss of water area displaced by the fill, and to 

fills for water-oriented uses such as ports, water-related industries, 

airports, bridges, wildlife refuges, water-oriented recr ea tion and public 

assembly , water in take and discharge lines for desalinization plants and power 

plants or for minor fills for improving shoreline appearance or publi c access 

to the Bay. However, the water-oriented uses listed in the law are exemplary, 

not all-inclusive; the Commission may treat other uses as water-orien ted , if 

factually the use is related to an d depends on t he Bay to function. Through 

the adoption of Se ction 1060l(a) (5) of the regulations, the Commission has 

determined that shoreline protection is a water-oriented use. 

Administrative applications must be listed with the Commission at least 

five days prior to a regularly scheduled Commission meeting (Section 10620 of 

the California Administrative Code, Title 14). Prior to acting on listed 

application, the executive director must wait fourteen days following the 

mailing of a listing to the Commission, or after the f irst scheduled 

Commission meeting, whichever comes first. This gives an opportunity to a 

Commiss ioner to communicate with the executive director either prior to or at 

a scheduled me e ting that a project should be reviewed by the Commission. If 

such action is taken by a majority vote of the Commission, the executive 

director may not issue or deny the administrative appl icati on. Instead it is 

treated as t hough it were an application requiring a public hearing before the 

Comm ission (Section 10621 of the California Administrative Code, Title 14). 
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The Bay Plan does not specifically discuss shoreline protection or 

establish policies for determining which types of protection projects are 

appropriate and which are not. If the Commission determines that greater 

scrutiny over shoreline protection projects is necessary, pol icies should be 

developed and included in the Bay Plan. 

Environmental Review 

Both the Comission and, for delegated administrative actions, the 

executive director, must comply with the California Environmental Quality Act 

(CEQA). While local government will often be the •1ead agency• for CEQA 

purposes, many shoreline protection projects do not require a discretionary 

local permit. In such cases the Commission will be the lead agency. 

Generally, CEQA requires the preparation of an environmental document (an 

environmental impact report or a negative declaration) when a project is 

likely to have a significant ad ve rse impact on the environment. Prior to 

undertaking an analysis of the existence and extent of any adverse impact, 

however, it must first be determined whether the project is exempted from t he 

need to prepare a document pursuant to a statutory or regulatory provision. 

In this regar d Section 11501 of the California Administrative Code, Title 14 

states that shoreline protection projects are: 

••. usually categorically exempt ••• provided that s uch 
projects will not be considered categoricaly exempt 
when they either: (1) may have an adverse impact on an 
environmental resource or involve a hazard of critical 
concern; or (2) may have a cumulative adverse impact 
when considered with successfully similar projects. 

Nearly all of the projects reviewed in the report were determined to be 

categorically exempt from the need to prepare an environmental document. 

-8-



The fact that a project may be categorically exempt from the need to 

prepare an environmental document does not necessarily mean that the project 

will have no adverse impacts. If a project has adverse impacts, regardless of 

whether an environmental document is prepared, the Commission as lead agency 

may impose conditions to require that the adverse impacts be mitigated. The 

authority to impose mitigation conditions arises from the McAteer-Petris Act. 

Mitigation conditions were not imposed for any of the projects reviewed in 

this report. 

In the past, when the Commission has been the lead agency, very few 

environmental documents have been prepared. This is permissible because the 

information and analysis required to analyze a project under the Commission's 

laws and plans is similar to the information that would be presented in an 

environmental document. Thus, the Commission's regulatory policies and 

procedures assure that the environmental impacts of a project will be 

presented and analyzed. Moreover, if necessary, conditions to alleviate or 

offset the negative and avoidable impacts of projects will be imposed. 

Regulatory programs which assure that such information will be available and 

acted upon can be determined by the Secretary for Resources to be the 

"functional equivalent" of the Environmental Impact Report (EIR) process 

pursuant to Resources Code Section 21080.5. The Secretary for Resources has 

so certified the Commission's regulatory and planning programs. 

Typical findings in administrative permits for erosion control projects 

state that: (1) t he public benefits of the small amount of fill necessary to 

protect shoreline uses and improvements from the hazard of tidal erosion 

clearly exceed any public detriment from the small amount of water area lost; 

and (2) the project is categorically exempt from the requirement to prepare an 

environmental document. 
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Local Government Actions 

The Commission shares regulatory and environmental authority over 

construction of shoreline protection measures in the Bay with local government 

and the U. s. Army Corps of Engineers. 

A sampling of several Bay Area local governments indicates that, 

typically, discretionary approval is not required for projects consisting on ly 

of shoreline protection. Only when the shoreline protection is part of a 

larger project local discretionary approval is required. Some local 

governments require a grading permit for shoreline protection projects; other s 

ministerially approve such projects and issue over-the-counter permits upon 

the completion of a short application and the payment of a fee. Ministerial 

actions are usually exempt from the requirements of CEQA so local governments 

do not often gather environmental data about the site or analyze the likely 

impacts of the shoreline protection work. 

The 40 Commission permits involving the greatest amounts of fill for 

protective structures (that is 10,000 square feet or more) were reviewed to 

determine what action local government and U. S. Army Corps of Engineers took 

regarding these projects. Twenty-five of the 40 projects (62 percent) 

required no local government approval, five (12 percent) required grading 

permits, five (12 percent) were approved as part of a discretionary approval 

for a larger project, and the remaining five projects (12 percent) required 

other kinds of local approva l such as a master development agreement. Of 

these 40 projects , 13 were found to be categorically exempt by the local 

government. No environmental document was prepared on 14 others but no 

reasons were given; presumably it was determined that the projects were 

categorically exempt. Negative declarations of environmental impact were 
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certified for seven of the projects. Five projects relied on EIRs or EISs but 

the protective structures were relatively minor parts of much larger projects 

did not an alyze possible impa cts of protecting shoreline property. One 

project rel ied on an initial study which indicated that the protective 

structure woul d have no adverse impact on the environment. In no case did a 

local agency require mitigation for the shoreline protection project. 

United States Army Corps of Engineers 

Shoreline protection projects usually require approval by the Corps of 

Engineers because t hey involve fill in a navigable water over which the Corps 

exercises Section 10 permit authority (33 U.S.C. Section 403) or because they 

involve fill in waters of the United States over which the Corps exercises 

Clean Water Ac t aut ho rity (33 u.s.c. Section 1344). Usually the Corps does 

not analyze individual shoreline protection projects because they are covered 

by bank stablization nationwide permit (33 CFR Section 330.5(a)(l3) which 

authorizes the placement of fill or structures to stabil i ze a shoreline if 

less than 500 feet of shoreline is involved or if there wi ll be less than 1 

cubic yard of ma terial place per linear foot of shoreline. Only clean fill of 

the minimum amount necessar y may be used. The nationwide permit does not, 

however , apply to work in marsh y areas (technically •wetlands• as defined by 

the federal go vernment). 

Concerning t he U. S. Army Corps of Engineers' acti on on the 40 projects 

anal yzed in this report, t h ree of the projects met the criteria for a 

regionwide permit used by t he San Francisco District before the nationwide 

permit became effective, fi ve met the criteria of a nationwide permit, and 13 

were issued a Corps permit with no special conditions attached. There was no 
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project information in the Commission's permit files on what Corps action was 

taken in regard to 19 of the 40 erosion control projects. None of the 

Corps-issued permits required mitigation as a condition of project approval . 

Based on a review of the administratively authorized shoreline 

protection permits involving Bay fill over the past ten years, it is clear 

that the Commission, local government, and the Corps of Engineers treat small 

amounts of fill for controlling shoreline erosion similarly: the projects are, 

if and when permits are required, generally handled administratively. The 

projects are usually determined to be categorically exempt from the 

requirement of preparation of an environmental document. Further, mitigation 

has not been required as a condition of approval of these kinds of projects by 

local government, the Commission, or the Corps of Engineers. 
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CHAPTER II. 
COASTAL PROCESSES 

Storms , wind, waves, rain, water runoff, vertical and hortizontal land 

movement, and changes in water level continually reshape shorelines. For 86 

percent of the California coastline, and for most of San Francisco Bay, this 

dynamic interplay of land and water has resulted in the shoreline retreating 

inland. In urbanized San Francisco Bay, such retreat ha s , and will continue 

to threaten bu ildings, roads, recreation facilities, and farmlands. As a 

result, owne rs of bayfront proper ty subjected to these physi cal forces must 

decide whether to: (1) let erosion proceed unchecked, and lose property an d 

bui ldings; (2) mov e structures away from eroding shoreli ne areas; (3) 

construct buildings inland furt he r from the shoreline; or (4) protect and 

stabilize the shor e line. 

Natura l Processes of Shoreline Erosion 

Rates of shorel ine erosion vary widely, depending on shoreline form, 

rock or s oil type, prevailing winds, storm severity, fetch (the unobstructe d 

distance over water i n wh ich waves are generated by wind of relatively 

constant direction and speed), and wave energy (force and power of a wave). 

There are t h re e basic natural kinds of shorelines foun d i n San Francisco Bay : 

cliffs or bluffs, marshes, and beaches. Cliffs or bluffs are steep 

rock forma tions where th e erosion rate is determined largely by the rock type, 

wave action at their base, and groundwater seepage that weakens the rock 

formation. In San Francisco Bay , cliffs or bluffs are f ound around San 
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Rafael, Tiburon, north Richmond, the Carquinez Straits, the headlands of t he 

Golden Gate, and Coyo te Point in San Mateo. Marshes are vegetated, low 

erodible plains frequently inundated by tidal action. Marshes provide s ome 

measure of shore pr otection in low wave energy areas because the roots of 

marsh plants anchor Bay sediment while the aerial portion of marsh plant s bot h 

dampen waves and trap water-borne sediment. As sediment is deposited, t he 

resulting shallow fores hore (the shoreline area between the upper limit of t he 

wave was h and low water; see Figure 1) causes wa ves to break fart her 

offshore. Prior to 1850, marshes were t he most prevalent kind of shoreline in 

San Franci sco Ba y . However , wit h dik i ng an d filling of t he Ba y prior t o t he 

creation of t he Commission, onl y ten t o 15 percent of Bay tidal mars h 

remains. Beaches are gentle slopes covered with loose material ranging in 

size fro m fine sil ts to cobbles. In San Francisco Bay , natu r al beaches a re 

often foun d at t he base of blu ff s or cl iff s a nd in protected coves an d a re 

Inland Beach or Shore Breaker Zone 

Back shore Foreshore 

"_}(· ·'.·:·· ·: .. . High Water Level 

Berm 
Crest of Berm Low Water Level 

·,·. ·. · .. · . . . 
... · .... ..... : . :·:· .. . 

FIGURE 1: Shore Profile SOURCE : Low Cost Shore Protection, Corps of Engineers , 1981. 
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completely submerged during high tides . In addition, some beaches have been 

created for recreational activity, s uch as Robert Crown Beach in Alameda and 

at Candlestick Poi nt State Park in San Francisco. The long, flat slope 

typical of a beach foreshore, and the buildup of materia l normally deposited 

on beaches in summer also provide a natura l defense to shoreline eros i on, both 

as a sacrificial buffer between land and water, and by causing waves to break 

farther offshore (see Figure 1). 

The shape of t he shoreline, offshore islands and rocks, and submerged 

topography also play an important role in the erosion process because such 

feat ures alter the distribution of wave energy. For example, headlands 

receive more concentrated wave energy than bays and inle t s. As a result, 

structures projecting out from the shoreline usually require extra protection. 

Wave motion, particularly that of breaking waves , is the major force in 

both t he erosion and the building of shorelines. The cha racteristics of waves 

are determined by wind speed, its duration and d i rection, the water depth, and 

the fet ch. As wa ves break, run up the shore, and return, material is carried 

both ons hore and offshore. The water's ability to move material is determined 

by its speed. Thus, large waves or strong currents can carry larger 

quantit ies and heavier material. Because waves generall y arrive at an angle 

to the shoreline, material is transported along the shoreline in a series of 

zigzags. This proces s of moving material is called littoral drift (see Figur e 

2). The result of littoral drift is that material eroded from one location is 

carried and deposited at another location. 

These erosi ve processes are influenced by changes in water level and 

land subsidence, which expose new surfaces to erosion, as well as seasonal 

changes which are generally accompanied by shifts in the severity and 

direction of both wind , currents, sea level, and waves. 
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Downdrift 

Zigzag Movement of Particles (Uttoral Drift) Responding 

to Runup and Retum of Waves 

~ ~ ~ 
DkecUon of Longshore Cvrrent ~ ~ ~ ~ 

Wave Crests 

FIGURE 2: Littoral Drift SOURCE : Low Cost Shore Protection, Corps of Engineers , 1981. 

Human acti vity can also affect coastal processes. Installation of 

erosion control structures and other modifications of the shoreline, including 

constructi on of such facilit ies as marine terminals, marinas, levees, and 

bridges, can alter both littoral drift and redirect erosive forces. In 

addition, ship traffic can increase both the water level and wave action along 

shorelines. For example, propellor wash attributed to operation of the 

Larkspur Ferry has been alleged to have increased the erosion rate alo ng the 

Corte Madera s hor el ine an d the Tiburon Peninsula. In the Oakland Estuary, 

large vessels using the channel can displace sufficient water to both raise 

the water level and increase wave action along the shoreline. Dredging also 

affects wave acti vity as large r waves are generated in deeper waters. Acti ons 

of ships can also affect bottom topography. For example, large vessels 

typically drag anchors to i mprove control of the vessel when approaching a 

berth. Repeated many time s at the same location, such action can deepen the 

area adjacent to t he bert h . Sh ips moored for an extended period can also 

cause shoaling, as occurs at the Moth Ball Fleet in Suisun Bay . 
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These coastal processes operate in all bodies of water. Although San 

Francisco Bay may not be subject to the same intensity of erosion that is 

experienced along open ocean coastlines, the Bay is subject to greater erosive 

forces than is generally perceived when looking at calm Bay waters. Most 

erosion occurs during winter storms and powerful, destructive storms have hit 

the Bay as recentl y as 1983. 

Natural Defenses 

The gentl y sloping shores of beaches, marshes, and mudflats cause waves 

to break offshore and lose a significant part of their e ne rgy -- a natura l 

defense to the erosive force of waves. In addition, t he roots and rhizomes 

(horizontal, underground stems) of marsh plants anchor t he sediment while th e 

a bov e ground portions of the plants dampen waves and trap additional 

sedimen ts. The ne xt line of defense for upland areas fronted by beaches an d 

marshes is the s horeli ne berm, the r idge or mound of mat e rial that has been 

deposited above the normal high tide line (See Figure 1) . Berms prevent 

normal high water from moving furt her in l and. In beach settings, dunes (a 

ridge or mound of loose, wind-blown material) offer the last line of defen se 

against storm-driven high water, a s well as providing material for rebuilding 

t he beach. Dune plants serve to anchor and build dunes much as marsh plant s 

work to hold and build t he fores hore. The Army Corps of Engineers recommends 

that "erosion control s hould begin with protection of the natural shoreline 

defenses wherever possible." ( U. S. Army Corps of Enginee rs, 198le). 
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CHAPTER III. 
CONTROLLING SHORELINE EROSION 

There are three basic approaches to combating the problems caus ed by 

shoreline erosion: (1) reduce the impact of erosion by l ocating structure s 

and improvements awa y from erosion-prone areas; (2) prevent or reduce wave 

attack on the shoreline by altering the prevailing coa s tal process, usuall y 

with offsho re shoreline protection measures; and (3) protect the shoreline by 

hardening it to make it more resistant t o eros i on. This chapter disc usses the 

various ap pro aches for halting shore line erosion that ha ve been successful in 

the United States, their relati ve costs and effectiveness, and their 

environmental impa ct. Because hundreds of different str uc tures and techniq ues 

have been used in t he United States to protect s ho reline areas, the f ollowin g 

discussion is not, and is not intended to be, an exhaustive list of such 

devices and methods . In stead , this chapter hi gh li ghts t hose structures an d 

measures that have been successfully used, or have potential for successfu l 

use, in San Francisco Bay . A more comprehensive listing of shoreline 

protection measures, their relative costs, and an evaluation of their 

effectiveness, is presented in Appendix A. 

The first step in designing and implementing any measure to protect 

shoreline property is to determine the prevailing coasta l processes at work at 

the site. Such a n evaluation must take into account not only the expected 

daily erosive forc es at work a t the site, but also the extreme conditions that 

may occur during exceptional high tide and storm wave conditions, such as 
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those that o~curred in San Francisco Bay during the winter of 1983. Because 

so many factors influence how erosion will act on a shoreline, an erosion , 

control structure or strategy that has been effective at one location ma y not 

be effective at another. 

Second, it is important to recognize that protecting shoreline property 

in one area may accelerate erosion in an adjoining area by redirecting erosive 

forces of Bay waters and by interrupting or altering the natural flow of Bay 

water and sediments. For this reason, it is almost always more effective an d 

economical to coordinate erosion control under a comprehensi ve plan that 

considers the erosive processes on a regional basis. However, this rarel y 

happens because indiv idual property owners typically propose individual 

pr o jects for their properties . 

It is also important to recognize that virtually all measures to protect 

nearshore property will fail in ti~e. Although it may be theoretically 

possible to construct a long-lasting protective structure in an area subject 

to intense wave energy, such a structure would be prohibitively expensive. As 

a result, engineers design erosion control structures for a specified design 

life, typically a storm that, on average, will occur once every 15 or 25 

years. But such a storm could occur the day t he project is completed, causing 

extensive damage or compl ete failure of the protective structure. Th i s design 

limitation led t he authors of one study of coastal protection measures a long 

the central California coast to conclude that: 

On the who le, few protective structures in the study 
area have stood the long-term tests of time, surviving 
unassisted and preventing damage and erosion, for more 
than twenty years or longer than their design life. 
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Many structures have become structurally unsound, 
required considerable maintenance or repair, and/or 
failed to adequately reduce property damage for more 
than one severe storm period. Thus, the effective 
lifetime of a structure often depends on how many mild 
winters pass before the next severe storm. However, 
most of the structures have reduced erosion rates, at 
least over the short term (Fulton-Bennett and Griggs, 
1986). 

The factors that typically lead to the failure of protective structures 

are: overtopping, ou tfl anking, scouring, piping, vertical forces, and float ing 

debris and suspended materials. 

1. Overtopping. Overtop ping takes place when significant amounts of 

water move over the top of a protective structure. Overtopping damages t he 

structure by eroding the support material behind the protective structure, and 

by exerting direct force on the protective structure itself as the water 

returns to the Bay. 

2. Outflanking. Outflan king occurs when erosion exposes the ends of 

a protective structure and threatens both the structure and the material 

behind it. In an eroding shoreline, outflanking will eventually occur at all 

isolated, successful protective structures as material from neighboring, 

unprotected areas is washed awa y . 

3. Scouring. Scouring takes place when underwater material is 

removed by waves and currents, particularly at the base or toe of a protective 

structure. Scouring undermines the foundation of the structure and can lead 

to rapid loss of fill behind a wall or structure, threatening the structur e 

itself. 

4. Piping. Piping occurs when the material behind the protective 

structure becomes so saturated with water that it becomes fluid and is pumped 

by wave action t hrough holes under or throug h the protective structure. 
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5. Vertical Forces. The energy of waves and wave splash can exert 

powerful, vertical forces on a protective structure, particularly when the 

protective structure has a vertical face or adjoins moderately deep water. 

These vertical forces have lifted riprap (stones or concrete rubble laid 

together on an embankement to prevent erosion) and other rocks up to two feet 

across from the base of vertical walls and thrown them inland. 

6. Floating Debris and Suspended Material. Floating debris, when 

hurled against a protective structure by waves, can significantly damage a 

protective structure. Similarly, suspended material such as sand and gravel, 

can abrade protective structures, particularly those constructed of wood. 

Because of the complexity of the forces acting on a given stretch of 

shoreline, because erosion control at one location may accelerate erosion of 

adjoining areas, and because the effective life of a protective structure is 

often determined by its design, its component materials, and how it is 

installed, it is important that such structures are designed and constructed 

by engineers well versed in coastal processes. 

Non-Structural Methods of Erosion Control 

Non-structural erosion control methods include regulating land use in 

flood prone areas and rebuilding the natural defenses to shoreline erosion by 

restoring or creating marshes and beaches. Land use controls are typically 

designed to lessen tidal erosions impact on land improvements by directing all 

but necessary shoreline uses away from an eroding shoreline rather than 

preventing or retarding erosion. Beaches and marshes serve more to slow t he 

rate of erosion rather than stop it and tend to be most effective in 

controlling erosion along low wave-energy coastlines. 
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1. Land Use Controls 

a. Background. Coastal erosion can be accomodated simply by 

avoiding the problems caused by erosion, rather than attempting to prevent, 

halt, or retard it. Land use controls can reduce the need for shoreline 

protection by: (1) permitting only uses that need a waterfront site in area s 

subject to erosion; (2) allowing only uses that are temporary, inexpensive, or 

unaffected by flooding to occupy erosion-prone sites; or (3) requiring 

structures that need not be located at the water's edge to be setback at a 

safe distance from the shoreline. 

b . Effectiveness. Because land use controls are most effective 

along relatively undeveloped shorelines, they may be difficult to implement in 

many areas of San Francisco Bay where much of the shorel ine has been 

dev eloped. However, land use controls may be appropriate for new bayfront 

projects proposed for undeveloped tracts, or useful in a r eas that experience 

rapid shoreline erosion, or where massive protective structures would be 

needed to prevent flooding fr om a rise in sea level. Land-use controls could 

also be implemented in developed areas by requiring shoreline set-backs for 

all new or reconstructed facilities. Such a set-back requirement could 

prohibit development in erosion-prone areas, or could set aside sufficient 

upland area to act as a sacrificial buffe r or allow the construction of 

possible future shoreline protection facilities without Bay fill. 

c . Cost . The cost of implementing land use controls is dependent 

on land costs, the cost of replacing lost structures and uses, and the cost of 

building required shoreline protection facilities. For these reasons, the 

cost of implementin~ land use controls cannot be generalized but must be 

determine d for each shoreline project. 
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2. Vegetation 

a. Background. Vegetation has been used successfully to contr o l 

erosion in low wave energy areas at some locations in the United States, but 

has only been used on an experimental basis for controlling shoreline erosi on 

in San Francisco Bay (Newcombe et al, 1979). Marsh plants s l ow shoreline 

erosion in three wa ys : (1) t he aerial portions of marsh plants form a 

flexible mass which dampens wave energy; (2) as wave energy i s reduced, 

sedimentation is increased, thereby allowing dense stands of vegetation to 

become established which leads to a building of the foreshore, and in turn 

causes waves to break farther offshore; and (3) the roots and rhizome s 

(horizontal, underground stems ) of the marsh plants add stability to the shore 

sediment. This mass of roots is particularly important in the winter when 

much of the aerial portion of the plants die back (Knutson and Woodhouse, 

1983). 

Dune and upland plants also retard shoreline erosion by 

anchoring shoreside sediments from the erosive effects of wind and 

storm-driven waves. 

b . Effectiveness. Mars hes are one of the most important element s 

in the natural defense of t he land in natural settings experiencing mild 

erosive forces. Unfortunately , marshes usually only slow the rate of erosion, 

rather than stop it; moreover, marshes are relatively ineffective in 

protecting against major winter storms. In addition, marshes can onl y be 

established at sites where the elevation, tidal regime, exposure to wa ve 

action, and soil type are conducive to the growth of the desired vegetation. 

The effectiveness of vegetation in controlling erosion is also dependent on a 
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plant species growth rate and habitat - slow growing plant species, such as 

San Francisco Bay's native cordgrass Spartina foliosa, a r e generally less 

effective in slowing erosion then plant species that quickly become 

established. Thus, San Francisco Bay's native cordgrass species, which 

usually takes at least t h ree years to become established in even the most 

favorable conditions; has thus far not proved effective i n retarding erosion. 

Establishment of such slow growing species as Spartina foliosa can be aided 

using temporary wave-stilling structures, such as breakwaters. In fact, the 

authors of the most extensive study of vegetation to con t rol bank erosion in 

San Francisco Bay concluded that •california cordgrass i s suitable f or 

stabilizing relatively sheltered areas ••• [but is not likely to be effective in 

stab ilizing) ••• ero ding banks in San Francisco Bay unless the plants are 

protected from waves.• (Newcombe et al., 1979) As a result, in San Francisco 

Bay planting may be most effective in erosion control when used in conjuncti on 

with other measures of shoreline protection and in areas experiencing little 

erosion . 

c . Environmental Impacts. The establishmen t of a marsh has 

several beneficial environmental impacts. Marshes serve as valuable sources 

of primary production (the photosynthetic building of plant tissues upon which 

all consumer organisms are ultimately dependent), as hab i tat for many species 

of wildlife, as nur sery grounds for fish and other aquat ic life, and as a 

natural system for storing and recycling nutrien ts and pollutants. Once 

established, erosi on control plantings f unction as natural marshes and 

eventually attract comparable animal communities (Knutson and Woodhouse, 

1983). Marshes are also one of the few erosion control measures that are 

natural in appearance , and as a result, are perhaps the most aesthetically 

pleasing of all erosion control stategies. 
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d. Cost. Erosion control plantings are among the least expensive 

of all shoreline protection measures, costing between $8 and $17 per linear 

foot of shoreline. 

3. Beach Nourishment 

a. Background. Beach nourishment projects involve placing sand 

on the shoreline to function as an eroding or sacrificial buffer zone. The re 

has been at least one successful application of beach nourishment for 

shoreline protection in San Francisco Bay--the restoration of Alameda Beach 

and the protection of Shoreline Drive in Alameda (Commission Permit No. 9-81). 

b. Effectiveness. The useful life of a beach nourishment project 

depends on how quickly it erodes; thus, a rap id succession of severe storms 

can completely and rapidly eliminate the sand placed to nour i sh the beach . 

The rate of erosion is also dependent on the size of the sand grains--larger 

(and therefore, heavier) grained sands erode more slowly than finer grained 

sand. In most cases, a single nourishment will not provide a permanent 

solution to the erosion problem and the beach must be periodically renouris hed 

to replenish sand washed away. In the case of the Alameda Beach project, both 

groins (a low, wall-like str uc ture built perpendicular to the shoreline to 

trap littoral drift) and sand traps (holes excavated in the beach) are use d to 

retain the sand tha t would otherwise wash away. 

c. Variations. A variation of the beach fill is the perched 

beach (see Figure 3). Perched beaches combine a low breakwater or sill with 

sand fill so that the beach is elevated above the surrounding area. The 

perched beach provides a broad buffer zone against wave action while offering 

a potentially valuable recreation site. A filter cloth is typically used 

behind the breakwater and under the fill to prevent sand from escaping throug h 

voids in the sill. Perched beaches are suitable where offshore slopes are 
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Water Transports Sand Over Sill 

Sand is Retained 
. Behind Sill 

. Original 
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Sandbags Filter Cloth to Help Retain Sand on 
Beach Side of Sill 

FIGURE 3: Perched Beaches 
SOURCE: Low Cost Shore Protection, Corps of Engineeri , 1981 . 

gradual enough so t hat the sill can be constructed offsho re in shallow water 

and are appropriate where sand loss is too rapid for economical and convenient 

replenishment. 

d . Envi ronnental Impacts . Beach nourishment projec ts can serve 

as valuable recreation areas. Such projects can also benefit downdrift shor e 

areas as littoral dr ift transports sand to them. But, as in the case of the 

Alameda project where the downdrift area was a tidal marsh, littoral transport 

of sand can lead to increased sedimentation in adjoining areas and a rapid 

change in their resource value. (In Alameda, a combination of sand traps a nd 

groins were constructed to capture sand that would other wise migrate into the 

marsh). In add it ion, the sand placed to nouris h t he beach reduces the Bay's 

surface area a nd volume, and may cover intertidal mudflats which typically 

have greater aquatic animal and plant species diversity and productivity than 

sandy beaches. 

e. Cost . Beach fills general ly have l ow initial costs 

(approximately $SO pe r linear foot) but in volve periodic mai ntenance costs 

(for rep lenishing los t sand and moving sand that has been deposited against 

groins or in sand traps) whi ch increases the long-term costs of such project s . 

-27-



Structural Methods of Erosion Control 

Shoreline erosion is most commonly controlled by structural methods 

designed to either harden the shoreline against wave energy (generally 

revetments, bulkheads, and seawalls), or to alter prevailing coastal erosion 

processes (generally breakwaters, jetties, and groins). 

1. Revetments 

a. Bac kg round. Revetments are protective, blan ket-type 

structures that extend below low water and are built against the toe of a 

bluff or the face of an earth embankment. Revetments are by far the most 

common type of shoreline protection throughout the United States and i n Sa n 

Francisco Bay. They work by hardening the shoreline or by insulating the land 

from the erosive effect of waves . Revetments rest upon, and are supported by, 

t he land behind it, which is usually at or near its natural angle of repose. 

Slopes steeper than one and one-half horizontal to one vertical are uns uita ble 

for revetments unless flattened to a more gradual slope. The revetment must 

be built high enough so t hat it will not be overtopped, the sides mus t be 

protected fro m outflanking, the toe must be protected from scour, and a filter 

cloth or filter laye r mus t be placed beneath the structure to aid drainage an d 

help prevent settling and piping. There are many different kinds of 

revetments, t he ~ost common being rubble, quarrystone and concrete ri pra p , 

gabions, stack ed bags of sand or concrete, and interlocking concrete blocks 

and mats (see Figures 4, 5 and 6). 

b . Variations and Their Effectiveness 

(1) Rub bl e revetments consist of loose dirt, concrete or 

asphalt slabs of varying sizes, bricks, and other construction debris dumped 

along the water's edge fo r shoreline protection. These revetments are often 
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used in emergencies a nd a r e generally very ineffecti ve l a r gely because t heir 

haphazard placement a nd s izi ng fails to protect t he ban k material underneat h 

(Fulton-Bennett and Griggs, 1986 ) . Usually suc h reve t ment s quickly fail as 

the rubble flattens as it slides bayward. Althoug h the i nitial cost of su ch 

revetments is usually low, t he use of rubble may lea d to unexpected future 

costs beca use i t may have to be removed be f o re cons truc tin g any long-las ting 

engineer ed protective structure at t he s ite . 

(2) Engineered Quarrystone or Concrete Riprap cons i s ts of 

carefull y placed layers of different sized rock or concre t e, an excavate d or 

graded foundation, and fil ter cloth (see Figure 4). Riprap can be adapted to 

a va riety of different s horeline conditions an d is often used in combinati on 

wit h ot her shoreline protection devices . Quarrystone riprap has been reporte d 

Overtopping Apron 

Extending Above High Water Level 

~ 

Graded Stone Filter 

Filter Cloth to Add Drainage 
and Help Prevent Settling 

FIGURE 4: Typical Revetment Section 

~ Armor Layer 

Waves Break and 

Run Up on Revetment 

SOURCE : Low Cose Shore Protection ... • Guide for Local Government Offidals, Corps of Engi~ra. 1981. 
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to offer several advantages over other protective structures: (a) the roug h 

surfaces of the rock and the spaces between the rocks help dissipate wave 

energy and reduce the extent of wave runup and overtopping; (b) its 

flexibility often allows it to settle and / or be damaged without experien cing 

massive or rapid structura l failure; (c) it is easily maintained and mod i fied; 

(d) it is resistant to damage by debris; and (e) it is relatively inexpensive 

to construct (Fulton-Bennett and Griggs, 1986). However, riprap placed on 

sand or other unconsolidated materials tends to settle into the loose mate rial 

over time. Riprap revetments may also fail when wave action moves ar mo r 

stones to another location of temporary sta bility, which can occur if 

undersized stones are used in the revetment, or during powerful storms. 

Dislodgment of armor stones is particularly a problem whe n r i prap is place d on 

slopes steeper than o ne and one-half horizontal t o one vertical, and when 

smooth, undersized, or flattene d stones or concrete is used . Other typical 

causes of riprap failure include: scour at the toe of the riprap, fluidization 

of the founda tion material, outflanking of the riprap revetment , inadequate 

revetment height, and vandal ism. 

(3) Gabions are rectangular mattresses of stones enc l osed in 

a wire mes h (see Figure 5). Ga bions are flexible, retain some of the ir 

effectiveness even if the foundation settles, are easily repaired, and can be 

built without heavy equipment. However, the wire mesh of the gabion is 

susceptible to damage by water-borne debris and abrasion by suspended sands, 

gravel, and t he enclosed stones if they are not tightly packed. Rusted and 

broken wire baskets also pose a safety hazard (U. S. Army Corps of Engineers, 

198lb). 
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Topsoil 

Stones Enclosed 
in Wire Mesh 

Toe Protection 

FIGURE 5: Gabions SOURCE : LowCostShoreProtection,CorpsofEngineers ,1 981. 

(4 ) Bags, typicall y filled with either sa nd or co ncrete , 

are often stacked along an eroding shoreline for emergen cy protection. 

Stacked bag r evetments ar e generally effective onl y in low energ y areas, do 

not intermesh we ll because o f their smooth surfaces an d rounded corners , ha ve 

a relati vely s ho rt life, and are usually considered to be unattractive. In 

a ddition, since con c rete-filled bag s are rigid , any failure of one bag can 

lead to catastrophic failure of the entire structure t hrough erosion of the 

foundat ion mate~ia l (U. S. Army Corps of Engineers, 19 8 l c) . 
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{5) A variety of interlocking concrete block s and mats {ma ts 

are revetments made of interlocking concrete blocks attached to a filt er 

fabric or other materi al) have been developed for erosion control and ma ny 

have prov ed relatively effective {see Figure 6). They all require a good, 

stable founda tion and present a neat and clean appearance. Some have been 

Interlocking 
Concrete Blocks ~ 

·. '-Filter Fabric 

FIGURE 6: Profile of Typical Concrete Mat or Block Revetment SOURCE : Armortec, Inc., 1964. 

desi gne d to a ccommodate vegetat ion which may increase their stability . Suc h 

revet~ents have two major disadvantages. First, t he interlock ing between 

units must be Qaintained . Once one block is lost, other units can quickly 

become dislo dged leading t o possible catastrophic failure. Because most 

r eve tmen ts settle differentially over time , t hi s characteristi c of 

interlocking block type r evetments make them more suscepti ble to settlement 

problems t han ri prap revetments which tend to fol d in on areas that have 

settled differentiall y . Second , t he s moo t h face of such revetments allows 

greater wa ve runup which in c reases the possi bility of overtopping. 
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c. Environmental Impacts. In natural settings, a revetment is a 

dramatic alteration in the shoreline, eliminating or modifying the intertidal 

zone covered. Because intertidal areas are one of the most productive areas 

of estuaries (Odum, 1970), revetments can result in many changes to the 

biota. The structure itself covers establi shed flora and fauna and usually 

represents a major change in substrate . Thus the plants and animals that live 

among a revetment are typically quite different from the plants and animal s 

t hat lived on the site previously. Revetments constructed in wetland areas 

can cover narrow fringe marshes leading some observers to describe wetland 

destruction as the "most significant ecological impact of riprap construction• 

(Carstea et al. 1975) . In addition, revetments usually result in t he 

destruction of transition edge habitats. 

However, many organisms, including crabs , barnacles, mussels, 

and amphipods do live on and among the surfaces of revetme nts, particularly 

riprap. Occasionally, where riprap has been placed on a sandy beach--an 

environment typically poor in species diversity and prod uctivity--the 

revetment has actually increased species diversity (U. S. Fish and Wildlife 

Service, 1980). In general, rough-faced and shallow-sloped revetments provide 

better habitats for aquatic and intertidal organisms than smooth-faced, 

steep-sided structures because they tend to dissipate wave energy better and 

because the rough-sided surfaces and hollows of such revetments provide a 

greater diversity of habitats for various organisms (Gantt 1975) 

d. Cost. Rubble is generally free; its costs as a revetment is 

general ly dependent on transportation and installation costs. However, rubbl e 

revetments have hidden long-term costs due to their high maintenance 

requirements. 
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The cost of quarrystone revetment depends on the size of th e 

rock used, its availability, and the equipment needed to place it; it 

typically costs from $60 to $145 a linear foot. 

Ga bions , stacked bags and interlocking blocks and mats range 

in cost fro m $50 to $245 per linear foot (see Appendix A). 

2. Bulkheads and Seawalls 

a. Background. Bulkheads and seawalls have also been 

extensively used to harden shorelines against tidal erosion (see Figure 7). 

Bulkheads act both as retaining walls to prevent the land behind them fro m 

crumbling into the water, an d as protection against waves. Seawalls are 

primarily designed t o resi st wave action and are usually massive, 

free-stand ing structures (U. S. Ar my Corps of Engineers, 198lc). The great 

disadvantage of vertical-faced bulkheads and seawalls is that the hard, smooth 

surface of the structure reflects wave energy, leading to accelerated erosion 

in front of the wall (scour). Be cause scour can erode both the foundation of 

the wall and the foreshore, an apron of heavy stones (riprap) is generally 

placed at the base of t he wall to absorb the reflected wave energy. In 

Anchor 
(Deadman to help 
prevent tipping) 

Ti&-Back 

FIGURE 7: Typical Bulkhead 

Filter Cloth 

Wave Energy Deflected 
'------
~---- Up and Down 

Weep Holes to 
Relieve Pressure 

SOURCE : Low Cost Shoffl Protection ... • Guide for Engineers and Contractors, Corps of Engineers, 1981 . 

-34-



addition, water overtopping such structures tends to flow laterally behind the 

wall was hi ng away the fill behind the wall. Outflanking i s another common 

cause of failure of such structures. 

There are three basic designs of bulkheads and seawalls: (1) 

sheet pile walls consist of interconnecting or tightly spaced sheets of 

concrete, steel or wood driven vertically into the ground (additional support 

for these walls is sometimes provided by tying such struct ures to embedded 

anchors or by installing bracing on the seaward side); (2) post-supported 

walls consist of regularly spaced posts with attached facing. As with sheet 

pile walls, add itional structural support is sometimes provided through 

anchors and bracing; and (3) gravity or free-standing walls rest on the groun d 

and are supported by their own weight. Concrete, gabions, longard tubes (a 

large fa bric tube filled with sand), and rock and concrete rubble have all 

been used to construct free-standing walls. Variations of bulkheads have been 

designed or constructed in San Francisco Bay that attempt to incorporate 

provisions for mars h vegetation. For example, Commission Permit No. 13 -87 

(Bayview Drive, Alameda) authorized a protective structure (as yet unbuilt) 

consisting of a series of stepped bulkheads that would create terraces at 

suitable elevations and with suitable substrate for mars h establishment; alon g 

the Green brae Boardwalk in Larkspur, a resident constructed a wooden bulkhead, 

placed dredge spoils behind it, and then planted the spoils with native marsh 

vegeta tion to ancho r t he dredge spoil s and reestablish marsh that had eroded 

away. Experience with such approaches is still too limited to determine their 

effectivene ss. 

b. Environmental Impacts. The major adve rse environmental 

impacts of bulkheads and seawalls stem from the fact that such walls promote 

erosion of the fores ho re by reflecting wave energy. The increased turbulence 
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in front of these walls of ten prohibits vegetation from reestablishing on the 

foreshore, and has been suspected of producing less favorable conditions for 

the settling, growth, and survival of various benthic organisms such as clams, 

oysters, and shrimp (U. s. Fish and Wildlife Service, 1980). In addition, 

construction of bulkheads, like revetments, usually eliminates much of the 

intertidal zone, which is one of the most productive zones of estuaries (Odum , 

1970). 

c. Cost. Because of the tremendous variation in the design of 

t hese protective walls, cost per linear foot ranges from $60 for a rubble 

mound wall to $4000 for the O'Shaughnessy Seawall along Ocean Beach in San 

Francisco, one of the most successful protective structures on record 

(Fulton-Bennett and Griggs, 1986). 

3. Breakwaters and Sills 

a. Background. In contrast to bulkheads and revetments, 

breakwaters and sills are placed offshore to intercept the energy of 

approaching waves before the waves reach land. Fixed breakwaters are built up 

from the estuarine floor using massive, heavy material such as rocks, gabions, 

concrete mod ule s , car bodies, ships, sheet piling, sand-filled fabric tubes 

(Longard tu bes), etc. Floating breakwaters are constructed of virtually any 

buoyant material, including rubber tires, logs, and hollow concrete modules. 

Sills are submerged, fi xed breakwaters. Breakwaters and sills protect 

shorelines by intercepting waves offshore, creating a low-energy shadow zone 

on their landward side . The reduced wave energy also decreases the rate of 

littoral drift on shore and can induce sediment deposition, providing further 

protection to the shoreline. 
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b. Effectiveness. Breakwaters have been constructed in San 

Francisco Bay primarily to protect harbor areas, rather than for controlling 

shoreline erosion, although at one time both fixed and floating breakwaters 

were considered to protect the shoreline from waves generated by the Larkspur 

Ferry. Floating breakwaters are generally only effective in relatively 

sheltered areas experiencing mild wave action. Temporary floating breakwaters 

have been helpful in establishing marshes at locations where the wave action 

is too severe for plant establishment without some wave stilling device (Allen 

and Webb, 1983). However, there are three major drawbacks to floating 

breakwaters. First, they are generally ineffective in high wave energy areas 

For example, the floating tire breakwater at Pier 39 in San Francisco provided 

insufficient protection for its associated marina and had to be removed and 

replaced with a fixed breakwater. Second, floating breakwaters require 

significant maintenance, both to correct the loss of buoyancy of component 

materials and to maintain the connections between various components which ar e 

placed under considerable stress by wave action . Finally , it has often proved 

difficult to securely anchor floating breakwaters . 

The effectiveness of fixed breakwaters and sills is largely 

determined by their size, the material used in their construction, and their 

placement in relation to prevailing coastal processes. Proper ly designed, 

they have proven quite effective in halting shoreline erosion . However, 

breakwaters and sills are both subject to scour . In addition, they may cause 

increased erosion in other area s , both because they foc us and redirect wave 

energy, and because they typically interrupt littoral drift thereby starving 

downdrift areas (United Nations, 1982) . A local example of this is the loss 

of many acres of coastal property and portions of Highway 1 by redirected wave 

energy after construction of the Half Moon Bay breakwater in San Mateo County. 
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c. Environmental Impacts. Breakwaters and sills adversely impact 

the environment primarily by altering longshore littoral transport. The 

resulting accretion of sediment behind the breakwater typically leads to 

formation of seaward projection of the shore (a tombolo) which acts as a 

sediment trap, depri v ing downdrift areas of sediment. In addition, the 

interruption of littoral drift can lead to increased deposition of sediments 

in protected navigation channels, requiring further dredging and spoil 

disposal. Floating breakwaters and sills tend to have much less influe nce on 

littoral drift than fixed breakwaters (U.S. Army Corps of Engineers, 1973). 

Fixed breakwaters also cover areas previously inhabited by benthic (bottom 

dwelling) organisms. However, in many situations, the new rocky habitat 

created by the breakwater can be considerably more productive than the 

previous habitat, a fact well documented in the literature a bo ut artificial 

reefs (U.S. Fish and Wildlife Service, 1980). 

d. Cost s . The cost of a breakwater or sill will largely be 

determined by the wa ve climate and water depth of the proposed site, which in 

turn affects both the size, design, and maintenance needed for the breakwater 

to be effect ive. Thus, there is tremendous variation in the cost of 

breakwaters and sills. Typically, however, the breakwaters used for erosion 

control (as opposed to those constructed for harbor facilities) are small an d 

rang e in cost from $30 to $140 0 a linear foot (see Appendix A). However, such 

structures can have enormous offsite costs including loss of land by 

redirected waves, interruption of littoral drift to downdrift areas, and 

increased dredging costs in navigation channel s landward of the structure. 
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CHAPTER IV. 
STUDY METHODOLOGY AND OBSERVATIONS 

A primary goal of this study was to eva luate the individual and 

cumulative impacts of the many small fills the Commission has authorized for 

shoreline protection. For this reason, only administrat ive permits have been 

investigated; erosion control measures authorized in major permits (typically 

larger projects evaluated in a publi c hearing) and in amendments to existing 

permits, have not been included in the study sample. 

The files of all administrati ve permits issued fro m 1978 through 1987 

were reviewed to determine: (1) the number of erosion control projects t hat 

ha ve been approved ; (2) the types and relative numbers of structures that have 

been used to protect near-shore property; (3) the linear feet of shoreline 

affected by such pro jec ts; (4) the amount of Bay surface area and volume that 

have been displaced by protective structures; and (5) the Bay resources 

i mpacted by eros ion control projects. Because the information in the permit 

files was not collected with the goa l of supporting this analysis, many of t he 

values for length of shoreline and the area and volume of fill have had to be 

estimated. However, in most instances , enough information is available to 

make reaso nably accurate estima tes (~ 25 percent ) of the se values. 

Field evaluations were conducted of 41 percent of the project sites (71 

of a total of 172 project sites ) to help determine what Bay resources were 

affected by the autho r ized protective structures. Information from site 
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evaluations is also the basis for determining whether the completed structure 

is still intact and functioning as authorized and whether it has affected 

adjoining areas. 

Amount of Fill Administratively Authorized for Controlling Shoreline Erosion 

For the ten year study period, 172 permits were administratively 

authorized for shoreline protection (approximately 17 per year), affecting 

approximately 32.9 miles of shoreline (172,700 feet, or an average of 

3 1/3 miles each year), covering 41 acres of Bay surface area (1,787,000 

square feet, or an average of 4.1 acres of Bay surface area per year), an d 

resulting in a loss of as much as 218,500 cubic yards of Bay volume (for an 

average of 21,850 cubic yards a year).* Projects were grouped according to 

size and shoreline protection type. Totals for these various categories are 

presented in Figure 8 and graphically depicted in Figure 9. 

The first category includes administrative permits with Bay coverage of 

10,00 0 square fee t (0 . 23 acre) or more . There are 40 projects in t h is grou p 

affecting approximately 144,100 feet (27.3 miles) of shoreline, covering as 

much as 36.2 acres (1,576,600 square feet) of Bay surface area, with a loss of 

as much as 190,100 cubic yards of Bay volume. As is apparent from Figures 8 

and 9, although these larger projects comprise only 23 percent of the total 

number of erosion control projects administratively authorized during the ten 

year study period, they ac count for 91 percent of all fill administrativel y 

authorized for erosion control. 

Note: As explained earlier, most of the fill figures are estimates and are 
subject to an error of plus or minus 25 percent. The figures used here and 
throughout the report are the best estimates of the true value. The square 
foot coverage of the fill could be as little as 30.8 acres, or as much as 51.3 
acres. 
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PROJECT 

Size No. 

Acinin. Permits 39 
covering 
10,000 s.f. 
or more of Bay 
surface area 

Subtotal 40 

Admin. Permits 84 
covering 
under 20 
10,000 s. f. 
of Bay surface 8 
area 

24 

Subtotal UQ* 

Total of al I 
Acin i n. Permits ill* 

FIGURE 8 

Amount of Fi 11 
Authorized Acininistratively 

for Shoreline Protect ion 
1978-1987 

TYPE OF STRUCTURE 

Lengt h 
(ft.) 

Reveiment (typically riprap) 144, 125 

Base of \Ila 11 (typically stones NIA** 
placed at the base of a structure 
to protect against scouring) 

144, 125 

Revetment (typically riprap) 21,836 

Apron (various revetments) 676 

Base of \I/al I I, 387 

Bulkheads 4,635 

28,534 

172,659 

FILL DI MENSIONS 

Area 
(s.f.) 

2,042,530 

59,602 

2, 102, 132 

239,480 

19,488 

13,634 

8,095 

280,697 

2, 382,829 
02.7 miles) (54.7 acres) 

Volume 
(c. y.) 

249,063 

4,415 

253,478 

30,512 

1,403 

1,477 

3,550 

36,942 

290,420 

* Four of the 172 admin is trative permits authorizing shoreline protection included construction of both a 
bulkhead and protection for the base of the bulkhead against scouring . These projects were counted 
twice - once as a bulkhead and once for base of wa l I. 

•• Project consisted of toe protect ion at the base of the foundations for the Richmond - San Rafael Bridge. 
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SOURCE : San Francisco Bay Conservation 
and Development Commission, 1988. 
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The second category includes permits authorizing Bay coverage of less 

than 10,000 square feet (.23 acres ). There are 136 pro jects in this group 

affecting approximately 5.4 miles (28,500 feet) of shoreline, covering as much 

as 4.8 acres (210,500 square fee t) of Bay surface area, with a loss of as much 

as 28,400 cubic yards of Bay volume. 

Figure 8 also groups projects employing similar s ho reline protection 

measures. For administrative permits with Bay coverage of less than 10,00 0 

square fee t , 84 of the 136 projects (62 percent) involve riprapped slope 

protection, 20 (15 percent) are concrete or rock aprons placed at the base of 

outfalls, eight (six percent) involve placing riprap in front and at the base 

of walls and bulkheads, and 24 (18 percent) are bulkheads. Thirty-nine of the 

40 permits (98 percent) with Bay coverage of 10,000 square feet or more 

involve riprap. In all, revetments of various types (primarily riprapped 

slopes and aprons ) account for 83 percent of the shoreline protection projects 

administratively authorized by the Commission between 1978 -87, and accounted 

for 97 percent of the Bay surface area lost due to efforts to protect 

shoreline property from erosion. 

Of the different types of protective structures, revetments, 

particularly riprap, involve the most fill in the Bay. Typically, fill for 

revetments involves both earth fill to prepare a suitable slope (at least 2 

horizontal feet to 1 vertical, foot but often much flatter), and the revetment 

itself which can be up to several feet thick for areas subject to severe wave 

action. In contrast, most of the bulkheads and seawalls that have been built 

in San Francisco Bay have been either sheet pile walls or post supported walls 

(see page s 33-35 for description) which can be, and have been, built with much 

less fill. 
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Finally, the field investigations indicate that somewhat less fill has 

actually been placed in the Bay than has been authorized. Some of the 

projects have not been constructed (e.g. Permit No. M87-70 authorizing 34,000 

square feet of riprap fill for the San Carlos airport) or involve tempora r y 

installations that have since been removed (Permit No. M78-9 authorizing 5,600 

square feet of temporary riprap fill to protect Shoreline Drive in Alameda 

until installation of a permanent protection system). Also, although 

technically considered fill under the Commission's law, it is apparent t hat 

some erosion control projects involve placing fill in former upland areas t hat 

have eroded and become part of the Bay (Permit No. 12-74, Perry's Resta uran t 

in Mill Valley; Permit No. M84-10 shoreline along Lime Point Road, Fort Ba ker, 

Marin County). 
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CHAPTER V. 
SHORELINE USES PROTECTED BY ADMINISTRATIVELY AUTHORIZED 

EROSION CONTROL STRUCTURES 

Nearly all efforts to halt shoreline erosion involve some Bay fill. 

Under the Commission's law, the Commission can only authorize Bay fill if it 

determines tha t : 

•.• the public benefits from fill clearly exceeds 
the public detriment from the loss of t he water 
areas and should be limited to water-oriented uses 
(such as ports, water-related industry, airports, 
bridges, wildlife refuges, water-oriented 
recreation and public assembly ••• ) or mi nor fill 
for improving shoreline appearance or public 
access to the bay •••• (Section 66605(a} of the 
McAteer-Petris Act). 

Although mos t protective structures are authorized as minor fill for 

improving shoreline appearance, many protective structures protect land use s 

that benef i t both the economy and the quality of life of the Bay area. To 

evaluate the public benefits of Bay fill placed to protect shoreline property 

from eros ion, all 40 ad mi nistrative permits authorized between 1978 and '1987 

tha t invol ved more than 10,000 square feet (0.23 acre) of Bay fill for 

protect ive structure s were anal yzed to determine: (1) what kinds of land uses 

and improvements were protected by the authorized protective structures; (2 ) 

what public benefits were obtained from the fill placed to halt shoreline 

erosion; and (3) what, if any, economic analyses (ie. cost/benefit studies) 

was performed to justify the expense of the erosion control structure. 

Although these 40 projects comprised only 23 percent of the total number of 
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administrative permits involving fill for protective structures, they 

accounted for 91 percent of all the fill administratively authorized to halt 

shoreline erosion. 

Land Uses Protected by Erosion Control Structures and Their Public Benefit 

Government agencies proposed 21 of the 40 administrative permits (52.5 

percent) where more than 10,000 square feet of fill was involved to control 

shoreline erosion. All of these government-sponsored projects protected 

essential public uses and services and were either important to the economy 

and welfare of the Bay Area, or provided significant benefits to a local 

community. Examples of projects providing regionwide benefits include 

protecting the bridge supports of the Richmond-San Rafael Br i dge (Permit No . 

MBS-95 to Caltrans), the outfall, pipeline and dechlorination facilities for a 

major sewage pipel i ne (Permit No. M82-23 for protecting an East Bay 

Dischargers sewage discharge line), the San Mateo County airport in San Carlos 

(Permit No. M87-70), training facilities at the California Maritime Academy 

(Permit No. MBS-39), the 220-acre restored tidal marsh in Hayward (Permi t No. 

M78-128), and the popular beach at Robert Crown Memorial Park in Alameda 

(Permit No. M78-76). Other government erosion control projects, while pe r haps 

of less regional significance, clearly provided important local benefits, such 

as protecting Emeryville's City Hall (Permit No. M85-45), and City streets, 

utilities, and residences (Permit No. MB0-99 to the Town of Tiburon). 

Nineteen of the 40 administratively authorized projects (47.5 percent) 

were proposed by private individuals or companies. Most of these 

privately-sponsored projects also provided important public benefits and 

protected substantial shoreline development and investments , which the 
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McAteer-Petris Act encourages (Government Code Section 66605.1). For example, 

seven of these projects (17.5 percent) were either in response to a government 

order to correct a water quality or enforcement problem, or to prevent water 

quality problems from occurring (e.g. Permit No. M85-69 to Levin Richmond 

Terminal Corporation to correct a toxic waste problem); two (5 percent) 

protected important regional transportation services (e.g. Permit No. M85-40 

to Southern Pacif ic to protect a main line of the railroad and Permit No. 

M78-14 to the Port of Benicia to protect port facilities); two (5 percent) 

protected public access facilities in addition to private uses (e.g. Permit 

No. MS0-83 to the Bay Farm Island Reclamation District to protect residences 

and pu blic access areas and M80-23 to the Dormer Corporation for protection of 

restaurants, shops, hotels, and a public promenade); one (2.5 percent) 

involved protecting a managed wetland in the Suisun Marsh (Permit No. 

M84-93 (M) ), and one (2.5 percen t) involved protecting a site that, while 

vacant, has been designated by t he Commi ssion for future water-related 

industrial or port uses (M81-6l(M) for the Collinsville site owned by the 

Southern Pacific Transportation Company). 

Of the remaining six privately-sponsored shoreline erosion control 

projects, two (5 percent) pr otected residential communi t ies (Permit Nos. M78-6 

to the Edgerly Is l and Reclamation District in Napa County and M78-108 to 

Paradise Cay in Tiburon); two (5 percent) protected private recreational uses, 

including a private marina and a skeet shooting range; and two (5 percent) 

protected exis t ing industrial / commercial developments i n Vallejo (Permit Nos. 

M86-90 to General Mills to construct a new flour storage and blending facility 

and MS0-34 to Manor Developme nt for a truck stop and auto repair). 

Figur e 10 s ummar izes the land uses protected by t hese 40 administrative 

permits. 
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LAND USE 

Pub I i c Access 

landf i 11 or Tox ic 
Waste Site 

FIGURE 10 
Shoreline Uses Protected By Actninistratively 

Authorized Erosion Control Structures Involving 
10,000 Square Feet or More of Bay Fi I I 

1978-1987* 

GOVERNMENT-SPONSORED PRIVATELY-SPONSORED 

12 2 

2 7 

Pub I i c F ac i I i ty (e.g 
Bridges, roadways, 
ra i I roads) 6 

Residt,intial 4 3 

lndustrial/Corrmercial 3 4 

Marina or Recreation 
Faci I ity 2 2 

Vacant Property 3 2 

Wildlife refuge or 
duck club 2 

TOTAL 34 22 

TOTAL 

14 

9 

7 

7 

7 

4 

5 

56* 

« Forty aaninistrotive ~rmits Involving more thon 10,000 square feet of Bay fi II 
for ero~ion control were issued by the Conrnission bei-ween 1978 and 1987. 
Several of these projects protected more than one kind of shoreline use. Each 
kind of shorel ine use protected by an erosion control structure is fisted In 
this table, wh ich is why the total is 56, not 40. 
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Cost/Benefit Analysis 

Applicants are not required to provide information on the relative cost 

and expected benef it s for any proposed project, so it is not surprising that 

none of the 40 administrative permit files examined included a cost/benefit 

analysis of the proposed erosion control structure. However, based on a 

review of the permit files and discussions with recent permittees, it is clear 

that in mos t instances, property owners simply determine that the value of th e 

shoreline property and existing shoreline improvements easily justify whatever 

expense is necessary to halt shoreline erosion without performing a detailed 

cost/benefit analysis. 

Simi larly, few permittees had provided information on how their erosion 

control project would benefit neighboring properties, although a few projects 

clearly protected areas well beyond the property boundaries of the permittee. 

For example , San Mateo County (Permit No. M87-70) stated in its applicatio n to 

install riprap along a levee face protecting the San Carlos Airport that: 

if the dike face is left unprotected the erosion will 
result in dike failure. This will result in flooding 
the Ai r port plus other low lying properties i .e.: 
Highway 101, Sam Trans Bus Yard and portions of Redwood 
Shores. 

Deta il ed cost /benefit analyses may be performed for an erosion contro l 

project when: (1) the u. s. Army Corps of Engineers i s considering doing . the 

work; (2) applicants request funding assistance from the California Department 

of Boating and Waterways; or (3) an applicant is attempting to determine the 

most economical method of halting shoreline erosion. 

A few permi t tees also suggested t hat the protective structure selected 

was de t ermined by previous efforts at halting erosion along that particular 
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shoreline. For example, riprap revetment was likely to be proposed for a 

shoreline that had previously been riprapped, albeit using state-of-the art 

materials and construction methods to extend the expected life of the 

structure. 
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CHAPTER VI. 
IMPACTS OF ADMINISTRATIVELY AUTHORIZED 

EROSION CONTROL PROJECTS ON BAY RESOURCES 

In most areas of San Francisco Bay, an eroding shor eline can threaten 

commercial, residential, industrial, and community facilities as well as 

agricultural uses and wildlife habitats. Private and public policy in the San 

Francisco Bay area has been to protect shorelines from receding inland and 

jeopardizing such uses. However, most measures to protect shoreline property 

involve wor k and placement of some fill in the Bay, for which a Commission 

permit is required, and which can displace or adversely affect Bay resources 

s uch as water surface area and volume, and bay habitats such as mudflats, 

marshes and transitional uplands. This chapter i nvestigates how 

administratively a uthorized fills for erosion control have impacted San 

Francisco Bay. In particular t his chapter addresses: (1) how such fills rnay 

be impacting Bay resources; (2) whether approved projects adequately protect 

shoreli ne prope rty from erosion; (3) whether alternative erosion control 

measures exist that would better protect shoreline property while minimizing 

adverse impacts on Bay resources; (4) whether the Commission should require 

mitigat i on for proposed erosion control strategies; and (5) the practical 

considerations in implementing changes to existing Comm i ssion practices. 
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Impacts on Bay Resources 

Most literature on erosion control structures and strategies is 

engineering-oriented, focusing on the effectiveness of various approaches and 

how they affect erosional processes. Relatively little information is 

available concerning how such approaches affect the biotic environment. The re 

is even less information concerning the cumulative impacts of many individual 

protective structures on a single system like San Francisco Bay. 

Compounding this lack of information in the literature on the impacts of 

erosion control on plant and animal communities is the fact that, to date, 

applicants have not been required to provide information regarding the 

resources affected by their proposed project. As a result, few permit files 

include a specific description of the Bay resources impacted by the fill. 

However, slightly more than half of the 40 projects involving more than 10,000 

square feet of fill for er osion control did contain either photographs or 

statements indicating that previous protective structures had been placed 

along the shoreline to protect property from erosion (for example, in Permit 

No. M85-40, Southern Pacific Railroad stated in its application for 8.6 acres 

of Bay fill to protect a mainline of the railroad that •the r ailroad has 

conducted basically the same maintenance procedure since the latter half of 

the 1800 s "). 

Because protective str uctures typically cover whatever structure or 

resource pre-e xisted the fill, field investigations of the sites conducted in 

March through May 1988 did not determine with certainty what habitat existed 

prior to the placeme nt of .the protective structures. Nor can a single 

observation of a site yield more than limited information concerning the 
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complex interrelationships of plant and animal populations that may have been 

affected by placement of protective structures. However, observations of 

project sites and adjoining areas provide some indication of whether the fill 

affected a subtidal area or intertidal marsh or mudflact. By speculating on 

the habitat that was likely covered or altered by construction of the 

protective structure, and using the best available information on the resource 

value of such habitats, staff qualitatively assessed what resources were 

likely impacted by authorized protective structures. 

The field investigations suggest that nonvegetated, intertidal areas are 

the habitats probabl y most often impacted by authorized erosion control 

structures in San Francisco Bay. Of the 72 projects investigated in the 

field, 59 (82 percent) were constructed in such areas, including mudflats (the 

habitat most commonly affected), rocky cobble beaches, sandy beaches, and 

rocky intertidal cliffs and bluffs. Though they appear to be devoid of 

vegetation, the mudflats and other intertidal areas are among the most 

productive areas of an estuary, f~r they are significant sites of algal 

growth, they tend to concentrate organic detritus which break down and recycle 

important nutrients through the ecosystem, and they are a refuge for juvenile 

fish and invertebrates (Odum 1970). In fact, the California Department of 

Fish and Game (1979) has stated that •the San Francisco Bay mudflats are 

without doubt the single most important habitat on the coast of California for 

millions of shorebir ds which breed in the arctic, and wi nter at this and more 

southerly l atitudes.• 

Of the remaining 13 projects investigated in the field, three projects 

extended into subtidal areas (areas that are always submerged) and ten were 

constructed in areas bordered by either cordgrass or pickleweed tidal marsh. 

In most instances, erosion control structures appear to be placed on 

shorelines that have already been significantly modified, either through 
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earlier protective efforts, or past fill activity. Of the 72 permits 

investigated in the field, 57 of the projects (79 percent) involved protecting 

shorelines that already had been diked, filled, or protected. Only 15 

projects (21 percent) had been authorized along shorelines that otherwise 

appeared relat i vely unaffected by previous human activity. 

Finally, most erosion control projects, even those proposed on modified 

shorelines, cover and replace existing habitats, often changing them into 

something quite different. Even though much of San Francisco Bay's shoreline 

has been altered with dikes, protective structures, and solid fills, the area 

bayward of many of these fills and in some instances, the protective structure 

itself, supports intertidal mudflats, marsh vegetation, or sessile (attached) 

invertebrate communities. Because nearly all shoreline protection projects 

involve some construction outboard of the shoreline, new protective structures 

typically cover some intertidal habitat. Although various plants and animals 

live on and among protective structures, they tend to be different species 

than those formerly inhabiting the site. These plant and animal assemblages 

also tend to be less diverse and less numerous than their predecessors. 

Because mudflats and tidal marsh are the habitats most commonly displaced or 

affected by erosion control measures in San Francisco Bay, and because these 

habitats are hig hly productive, such alteration of habitat has probably 

decreased the total productivity of the Bay to some degree and may have 

diminished the Bay's ability to support the abundance of organisms that have 

historically lived in the Bay. 

An important aspect of this change in shoreline character is that 

structures for erosion control not only occupy the narrow range of elevations 

that is suitable for marsh vegetation (when soil conditions and wave climate 

are suitable), but they also eliminate the transition zone between uplands and 
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tidelands. To prevent problems of overtopping and wave runup, nearly all 

shoreline protection structures extend at least two or three feet above the 

line of highest tidal action into an edge habitat that serves as a refuge for 

animals at high tide, and as a seed source for recoloniz i ng marsh areas that 

are lost through erosion. These important functions may be eliminated by 

construction of shoreline protection. 

Effectiveness of Administratively Authorized Erosion Control Structures 

Because the action of erosive forces differs for each site, it is 

difficult to compare the effectiveness of various protective structures 

installed at different locations in the Bay. Similarly, since major storms 

play the most important role in the erosion process, it is not possible to 

compare the effect i veness of erosion control structures built at different 

times and thus subject to different storm conditions. Despite these 

limitat i ons, field observations of the various types of structures indicate 

some differences in their performance. 

Non-structural Methods of Erosion Control 

Only one admin i strative permit of the 172 examined involved a 

non-structural met hod of erosion control*--Permit No. M7B-76 to restore the 

* Note: Non-structural methods of erosion control incl ude regulating land use 
in flood prone areas and reb uilding natural defenses to erosion by restoring 
or creating marshes and beaches. See pages 21-26 for a discussion of these 
measures for protecting shoreline property from erosion . 
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beach at Robert Crown Memorial Park in Alameda. Although the maintenance 

requirements of this erosion control measure has been high (i.e. sand must be 

imported and redistributed to maintain the effectiveness of the beach for 

controlling erosion), the beach appears to effectively protect inland park 

facilities, a major thoroughfare, and adjoining residences. 

Structural Methods of Erosion Control 

l. Revetments. The term •riprap• has been used to describe a wide 

range of different revetments, ranging from rubble to engineered quarrystone. 

For riprap to be effective, it must include: (a) component materials that are 

durable, dense, and non-porous; (b) component materials that are correctly 

sized; (c) a design adapted to the site's soil and wave conditions; and (d) 

construction methods that assure careful placement of materials so that 

component pieces interlock with a minimum of voids. In San Frapcisco Bay , as 

elsewhere (U. s. Army Corps of Engineers, 198la; Griggs, 1984; and 

Fulton-Bennett and Griggs, 1986), rubble revetments are often ineffective in 

preventing erosion because they typically fail to meet any of the four 

criteria necessary for successful protection. Revetments described as 

concrete riprap in Commission permits were usually rubble revetments 

consisting of haphazardly sized and placed materials. Often such revetments 

include materials that quickly wash away, such as dirt or asphalt, pose safety 

problems, such as rebar (steel reinforcing rods), or pollution problems, such 

as asphalt. Although rubble may slow erosion at some sites, it is apparent 

that rubble is fairly ineffective in preventing erosion over the long-term, 

primarily because wave action continues to work at the embankment through the 
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voids in the rubble, and because rubble revetments rapidly flatten to a very 

low angle of repose, exposing the bank to continued erosion, covering 

additional intertidal habitat, and displacing additional Bay volume. Even 

concrete rubble revetments where the concrete armor stones have been broken 

into graded sizes are less effective than quarrystone revetments, apparently 

because many of the component pieces are derived from large, smooth concrete 

slabs that do not interlock well even when broken, and which are easily 

dislodged by wave action because they present a large exposed area relative to 

their weight. 

Using inappropriate construction material was not the only reason 

some observed riprap revetments fail, however. Some riprap projects cons i st 

of little more than dumping a few rocks on a slope. In these cases, the 

revetment fails because undersized material is haphazardly placed. As a 

result, the armor stones now lie offshore, providing little or no shoreline 

protection and covering valuable intertidal mudflats or marshes (e.g. Permit 

No. M85-l, rock riprap at Blackies's Pasture, Tiburon). 

In contrast, many of the carefully designed and constructed 

engineered guarrystone revetments and aprons appear to be performing well in 

slowing or halting shoreline erosion while remaining in place (e.g. Permit No . 

M81-38 authorizing 2,800 linear feet of riprap to protect the northwestern 

approach to the San Mateo Bridge and M78-143 authorizing 2,500 linear feet of 

riprap along Richardson Bay Park in Tiburon). Because erosive factors differ 

from site to site, some of these effective riprap projects employed thicker 

revetments and larger stones than s i tes experiencing less erosion. However, 

problems are apparent even for these well designed revetments. Many of the 
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quarrystone revetments were placed on previously riprapped slopes, a reminder 

that the life expectancy of all erosion control measures is limited and that 

protective structures must be maintained if they are to remain effective. In 

addition, as indicated by the rocks scattered bayward of these revetments, all 

of the observed quarrystone revetments had lost some armor stones over time. 

As with rubble revetments, quarrystone revetments tend to flatten or slump 

over time, although not to the same degree as rubble revetments. Such 

revetments also tend to settle when placed on Bay mud, as was observed in 

Sausalito where an apron constructed at the end of a discharge pipe had almost 

entirely disappeared beneath the Bay mud (Permit No. MBl-62). 

Field investigations were conducted of other revetments as well, 

but unfortunately, the sample size for these other structures was too small to 

draw conclusions regarding their performance. Only two gabion revetments had 

been administratively authorized in the ten year study period. Both appeared 

to be performing well--there was relatively little erosion landward of the 

gabions and there was no obvious deterioration of the wire mesh which enclosed 

the stones, and only slight separation between adjacent gabions. Both sites 

exhibited toe scour, however, with loss of foundation material along the 

bayward edge of the gabions and a resulting slumping bayward of the gabions. 

No interlocking concrete blocks or mats had been authorized during 

the ten year study period and the effectiveness of the one observed stacked 

bag revetment was difficult to evaluate because the shoreline property had 

been further protected by construction of the beach nourishment project 

mentioned earlier. 
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2. Toe Protection. Field observations were made of three of the eight 

administrative permits authorizing toe protection at the base of a wall. The 

toe protection in each instance consisted of large stones piled against the 

wall base. In all three cases, the toe protection had only been recently 

placed (that is, within the last three years) and there was no obvious 

indication of recent toe scour or other developing problems. 

3. Bulkheads and Seawalls. Eight of the 24 administratively 

authorized bulkheads and seawalls authorized between 1978 and 1987 were 

visited. Unfortunately, only four of these eight bulkheads were in place at 

the time of the field investigations (one was a temporary bulkhead, since 

removed and three have not been constructed). The four bulkheads examined 

included two bulkheads, one seawall, and one breakwater, all of which seemed 

to be intact and performing well, although only the breakwater had been in 

place for more than two years. However, in the course of investigating 

different sites, particularly along Old Bayshore in Burlingame, several 

wooden, post-supported bulkheads that predated the study period were observed 

to have totally failed. 

Alternative Erosion Control Measures 

Chapter III discusses the types of erosion control structures and 

strategies that ha ve been used to control shoreline erosion throughout the 

United States, which are further detailed in Appendix A. As indicated in this 

chapter, revetments, particularly rubble and engineered quarrystone riprap, 

have been the most widely used method of controlling shoreline erosion in San 

Francisco Bay, with bulkheads and seawalls used to a much lesser extent. 

There has been little experience in San Francisco Bay with other measures to 
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control shoreline erosion. Because quarrystone riprap and concrete rubble 

involve fill in the Bay, displace Bay volume, and typically occupy intertidal 

mudflats that have important habitat value, an obvious question is whether 

alternatives exist that may afford similar protection to shoreline property 

with less adverse impacts on Bay resources. 

Clearly natural defenses, such as planting native vegetation, offer an 

environmentally sensitive alternative to revetments. But as discussed in 

Chapter III, such plantings have been largely unsuccessful in San Francisco 

Bay for erosion control except in very low wave-energy areas where the soil 

provides the required stability for the plants and where weather conditions 

are amenable to sustained plant growth. However, in such low wave-energy 

climates, vegetation can be effective in slowing erosion, particularly if 

wave-stilling devices, such as breakwaters, are used to help the plants become 

established initially. Similarly, protective structures that incorporate 

provisions for marsh vegetation in the structure itself, as in Permit No. 

13-87 (Bayview Drive, Alameda) where a series of stepped bulkheads will create 

terraces at suitable elevations and with suitable substrate for marsh 

establishment, or mat revetments of interlocking concrete blocks with space 

for vegetation, may provide effective protection for shoreline property and 

create suitable conditions for tidal vegetation. To date, however, such 

approaches are unproven. 

A primary reason plantings have been ineffective in slowing erosion in 

San Francisco Bay is that most experiments have used the Bay's native 

cordgrass species, Spartina foliosa, which grows relatively slowly and takes 

several years to become established on a site. In the Suisun Marsh and in 
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tributaries to the Bay with greater freshwater influence, other plants, such 

as common tule (Scirpus acutus) and alkali bulrush (Scirpus robustus) occupy 

the same zone as cordgrass but grow much more vigourously. In these regions 

of the Bay, erosion control with vegetation may prove to be more effective. 

Land use controis, such as requiring structures to be setback a safe 

distance from a rapidly eroding shoreline, are also an environmentally 

sensitive means to avoid the problems caused by erosion and are being employed 

increasingly throughout the United States (Florida, North and South Carolina, 

New Jersey). Land use controls may be difficult to implement in San 

Francisco Bay where much of the shoreline has been developed, but may be 

appropriate for new shoreside developments proposed for undeveloped tracts, or 

in areas that are experiencing rapid shoreline e r osion. 

Beach nourishment projects and perched beaches (see pages 25-26) may 

also prove to be an effective alternative to revetments, especially where a 

recreational beach is desired. However, beach fills and perched beaches often 

involve more fill and greater reduction in Bay volume than other protective 

measures, and although intially inexpensive, require continual maintenance to 

maintain their effectiveness. 

Despite the promise of these alternative protective measures to both 

control erosion and promote the Bay's natural resources, these approaches are 

still largely experimental. It is far too early to judge the long-term 

effectiveness or desirability of such approaches, or to require such 

approaches in all erosion control projects. Indeed, it is unlikely that these 

alternatives will be effective in all situations because their effectiveness 

will be determined in large degree by site characterist i cs. For example, the 

-61-



success of marsh planting depends on the elevation, tidal regime, slope of the 

site, exposure to wave action and soil type. Not all locations or physical 

conditions in the Bay will be conducive to marsh growth. 

Mitigating the Adverse Environmental Impacts of Erosion Control 

Most erosion control structures involve some fill in the Bay. As a 

result, they all have certain unavoidable adverse impacts on Bay resources. 

These adverse impacts include reducing Bay volume and surface area, a l tering 

tidal circulation, and changing the substrate, which in turn affects an area's 

animal and plant life. 

Improving the design of protective structures can lessen some of these 

adverse impacts. Well-designed protective structures are less likely to fail, 

and, because additional fill is usually needed to repair failed structures, 

will require less fill over time than protective structures that have not been 

designed for the site's conditions. For riprap revetments, careful design 

improves the likelihood that armor stones will be correctly sized for expected 

wave conditions, and that the revetment slope is appropriate for the soil and 

wave conditions of the site, thereby reducing the likelihood that the armor 

stones will be washed offshore where they continue to displace Bay volume and 

affect wetland habitat. Similarly, a well-designed bulkhead or seawall should 

be constructed of concrete formulated for salt water and or i ented so that 

reflected wave energy will not be focused on adjoining properties which would 

create additional erosion problems. 

However, assuring that all erosion control structures are well-designed 

has implications for applicants and the Commission. Because of the complexity 

of the factors affecting erosion along a given reach of shoreline, the 
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effectiveness and longevity of protective structures is greatly improved if 

they are designed and constructed by engineers with expertise in coastal 

processes. Having a coastal engineer design a protective structure would cost 

an applicant between $2,500 and $8,000 for a single-family residence with 100 

feet of shoreline frontage, and between $4,000 and $15,000 for protecting 

commercial property with 300 feet of shoreline. Construction costs may also 

be higher for well-designed structures, which may involve more extensive work 

and more costly materials than would have otherwise been used. Although 

well-designed structures may be initially more expensive, they are likely to 

be more economical in the long-term because of their improved effectiveness 

and reduced maintenance requirements. 

Projects not designed by coastal engineers could be improved through 

plan review by the Commission staff. However, even cursory review and 

feedbac k to assure use of state-of-the art design and materials would take 

between .2 and .3 person years of staff time for the approximately 17 

administrative permit applications received each year. This additional work 

could be accommodated only by adding staff resources or redirecting existing 

staff from carrying out current responsibilities. 

Some adverse impacts to the Bay can be reduced simply by prohibiting use 

of certain materials in protective structures. In particular, eliminating the 

use of rubble for revetments will reduce fill in the Bay. In order for any 

revetment to be effective, it must be constructed of component materials that 

are durable, dense and non-porous. The component materials must be 

sufficiently heavy so they will not be dislodged by waves. The revetment must 

be designed in accord with the site's soil conditions so that it will not 
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rapidly settle into the underlying substrate, and carefully constructed so 

that component pieces interlock with a minimum of voids. In most cases 

observed in San Francisco Bay, rubble riprap revetments typically fail to meet 

any of these criteria. The advantage of such revetments is that they are 

initially inexpensive to build, afford some temporary protection, and offer a 

place to dispose construction debris. And, in certain coastal areas, where 

the concrete rubb l e has been carefully sized and placed, such revetments have 

performed similarly to engineered quarrystone riprap. But the unsorted and 

unsized construction debris which typically make up such revetments often 

include dirt, wood, and asphalt materials that are quickly washed away. The 

concrete used is not formulated for use in sea water and has already gone 

through some period of weakening and deterioration. In addition, most p i eces 

are slab-like in shape, presenting a large surface area relative to weight. 

Such s l abs are moved more easily by wave forces than a more equally 

dimensioned shape of the same weight (United Nations, 1982) and do no t 

interlock well. Finally, these rubble revetments are usually simply dumped 

along the shoreline with no consideration to settlement problems or 

elimination o f voids. As a result, these projects rapidly become ineffective 

in preventing erosion, usually slide bayward, and often deteriorate to the 

point that they change the surrounding substrate from mudflat to cobble. 

Typically t he solut i on has been to dump more material (United Nations, 1982), 

a solution which leads to increased fill in the Bay. 

However, prohi b iting use of rubble from being used to protect shoreline 

property will have implications both for future applicants and the 

Commission. Rubble is widely used in the Bay for revetments because of its 
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low initial cost in comparison to other erosion control st ructures su ch as 

engineered quarrystone revetments which can cost as much as $750 a linear 

foot. Prohibiting all use of rubble in shoreline protection may prec lude some 

landowners with limited funds from protect ing their property. As discusse d in 

Chapter IV, many of the land uses that could be affected provide important 

public benefits, such as duckclubs, park districts, and wildlife refuges. 

Even for those uses that provide limited public benefits, it may be seen as 

unreasonable to prohib it an affordable means of protecti ng threatened property. 

Proh ib iting use of rubble might increase the Commission's enforcement 

case load, as some landowners might take any ava i lable measure to prote c t 

t he ir property fro m erosion, particularly in eme r gencies. Because of staff 

and fun di ng limitations, enforcing these violations would probably be at t he 

expense of other necessary enforcement activities. Increasing staff review of 

concrete rubble revetments to assure that the concrete rubble meets 

performance standa rds would involve between .1 and .2 person years of staff 

time. 

Improved maintenance would also reduce adverse envi ronmental impacts 

simply by better assuring that appr oved structures rema i n in place and 

function as authorized, thereby eliminating the need for additional fill to 

rebuild failed protective structures. Requiring that protective structures be 

regularl y maintained would probably have negligible impacts on permittees, 

although s uch a requir ement would increase the longevity of protective 

structur es, thereby reducing long-term costs. Impacts on Commission staff 

would also be modest, although some time would have to be spent to monitor 

such permit condi tions . 

- GS-



A more difficult question is whether mitigation should be provided to 

offset the adverse individual and cumulative impacts of fill placed to protect 

shoreline property. The impacts of shoreline protection projects on Bay 

resources are probably similar to the impacts of other fill where the 

Commission has required mitigation. For example, the Sewerage Agency of 

Southern Marin created a small tidal marsh and enhanced an existing marsh as 

mitigation for placing fill to expand and improve an existing sewage treatment 

facility in Mill Valley (Permit No. 21-80), a project having important public 

benefits, but with adverse impacts similar to those associated with protective 

structures. 

The scarcity of suitable mitigation sites in the San Francisco Bay area, 

and the need to accommodate landowners who wish to take reasonable means to 

protect eroding shoreline property, must affect any policy to require 

mitigation for shoreline protection projects. Eroding shorelines often 

require immediate attention to prevent further losses. Further, as this study 

demonstrates, a small percentage of projects are responsible for nearly all of 

the fill administratively authorized for shoreline protection. In addition, 

many of the shoreline sites which are being protected from erosion are being 

used for acti vities that are of regional or local importance. Finally, it is 

proving to be increasingly difficult to find suitable sites for mitigation 

projects within the urbanized Bay Area. For all these reasons, it may be 

unreasonable to delay authorizing small shoreline protection projects until 

suitable mitigation programs can be initiated. 

Because of the difficulty of finding suitable mitigation sites of any 

size in the San Francisco Bay area, and because of the expense of returning 
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sites to tidal act i on, miti gation banks, or a •fill tax• where applicants 

contribute funds on a pro-rata basis toward the cost of acquiring, restoring, 

mainta ining , and monitoring a new wetland, offer perhaps the most practical 

way for applica nts proposing small amounts of fi l l to of f set the fill ' s 

impacts. Unfortunately, the two mitigation banks proposed for the Bay area 

have both failed (see the staff report on Commission Mitigation Pract i ces, 

March 1987, for a fuller discussion of mitigation banks in San Francisco 

Bay ). And the concept of a •fill tax• has previously been considered and 

rejected by the Commission. 

Yet, as described earlier in this chapter, small fills for protecting 

shoreli ne property are probably having a cumulative adverse impact on Bay 

resources . To offse t the individual and cumulative impacts of 

administratively authorized erosion control structures, the Commission should 

conside r the t hree following approaches: 

1. The Commissi on could continue its existing practice of 

not requ iring mitigation for administratively 

author ized erosion control projects. The Commission 

could determine on a policy level that the benefits 

derived from protecting existing shoreline uses, which 

ar e often in t he public's interest, are sufficient to 

offset the detriment of the fill. The fact that the 

majority of protective structures are proposed for 

shorel i nes that have been prev i ously protected, 

signif ica ntly modified, or newly eroded suggests that 

such f ill s may have minimal impacts on Bay resources. 
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The difficulty with this approach is that other 

projects also in the public interest (such as sewage 

treatment plants, Permit No. 21-80; landfill closure, 

Permit No. 17-82; bridges, Permit No. 20-73; and ports, 

Permit No. 8-78) and having impacts similar to those of 

shoreline protection have been required to provide 

mitigation. A question of equity is raised if projects 

to control shoreline erosion are treated differently. 

Continuing existing practices would have no impact on 

staff resources. 

2. Recognizing that over the past ten years, 41 acres of 

Bay fill have been authorized administratively for 

erosion control, the Commission could determine that 

the cumulative adverse impacts of small erosion control 

projects outweigh the public benefits of these 

projects. Therefore, the Commission could decide to 

handle all future applications for shoreline protection 

projects as major applications to determine whether the 

benefits of the project outweigh its detriments and to 

decide whether mitigation should be required. Because 

about 15 to 20 erosion control projects are authorized 

ad ministratively each year, this approach would result 

in the Commission handling an additional 15 to 20 major 

permit applications annually. The Commission's current 

major permit workload is about 15 to 20 projects each 

year. Thus, this approach would result in about a 100 
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percent increase in the Commission's major pe r mit 

workloa d , which would require an additional t hree to 

four permit analysts to process. Clearly, this 

approach would not be feasible unless the Commission's 

budget is substantially augmented. 

3. Recognizing that the majority of administratively 

authorized fill for erosion control projects is the 

result of a small percentage of larger projects, the 

Commiss i on could create a two tier system for 

evaluat i ng protective structures: small erosion control 

structures (e.g. those involving less than 10,000 

square feet of fill or .23 acres) could continue to be 

processed administratively and not be required to 

provide mitigation; erosion control projects involving 

more t han 10,000 square feet of fill (.23 acres) could 

be eva luated by the Commissi on at a public hearing t o 

determine whether mitigation should be provi ded in 

accord with the Commi ss i on's ex i sting mitiga t ion policy . 

This approach would concentrate staff and Comm ission 

efforts on the projects that are responsible for 91 

percent of the administratively authorized f i ll for 

erosion control. As typical ly only 4 administrative 

permit applications per year propose 10,000 square fee t 

or more of f i ll for protecting shoreli ne property from 

erosion , these applications could be analyze d in more 

detail to imp rove design and assure t hat possible 

ad verse impac ts are mitigated with modest ch anges in 

staffing . 
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Such an approach would raise questions of equity, i.e. 

smaller fill projects would be treated differently from 

larger fills for erosion control. The Bay would 

probably continue to shrink by approximately .6 acre 

per year as a result of unmitigated fill for erosion 

control. Finally, the best way to effect such a change 

in Commission procedure would be to amend the 

Commission's regulations, a difficult and 

time-consuming process. 

Whichever of the previous options is taken, the Commission could also 

direct the staff to begin work on establishing a regional program of 

mitigation banks. These mitigation banks would be supported through funds 

collected on a pro-rata basis from applicants proposing Bay fill for erosion 

control, as well as from other applicants proposing fill for other approvable 

purposes. Mitigation banks offer the advantage of assuring that all fill 

applicants are treated equitably. Additionally, mitigation banks can 

eliminate the lag-time between habitat loss and habitat creation if the 

mitigation site i s r estored prior to project construction. Besides providing 

a ready source of off-site mitigation for erosion control projects, mitigation 

banks would be available for contributions from other projects proposing 

approvable fill, thus solving the worsening problem of finding any suitable 

mitigation sites in San Francisco Bay. This proposal would increase the cost 

of protecting shoreline property, but until a mitigation program is in place, 

it is impossible to determine how much each permittee should be charged. 
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CHAPTER VII 
CONCLUSIONS 

This study of administratively authorized minor fills to protect eroding 

shoreline property, and the literature concerning existing and experimental 

strategies and methods for protecting shoreline property from erosion, support 

the following conclusions: 

1. Erosion control projects are needed to protect important shoreline 

improvements. The McAteer-Petris Act provides that •certain water-oriented 

land uses along the Bay shoreline are essential to the public welfare of the 

bay area• and that the Bay Plan should provide suitable locations for these 

priority uses. Moreover, the Act provides •that in order to make San 

Francisco Bay more accessible for the use and enjoyment of people, the bay 

shoreline should be improved, developed and preserved ••• • through public and 

private initiative and investment. Because so much of the San Francisco Bay 

shoreline is urbanized, erosion control projects serve an important purpose in 

protecting valuable and costly development from being damaged by wave action. 

In addition, many erosion control projects protect important public uses and 

services which benefit the public of the Bay Area. 

2. Most erosion control projects involve some Bay fill. 

Typically, protective structures are built bayward of the existing shoreline, 

thereby impacting such Bay resources as water surface area and volume, tidal 

circulation, and wetland habitat. 

3. Between 1978 and 1987, approximately 41 acres of Bay fill has been 

administratively authorized to control shoreline erosion. For the ten year 

study period, 172 administrative permits for controlling shoreline erosion 
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have been authorized, affecting approximately 33 miles of shoreline 

(approximately 173,000 feet), displacing approximately 218,000 cubic yards of 

Bay volume, and covering approximately 41 acres of Bay surface area 

(approximately 1,787,000 square feet). In comparison, the Conunission approved 

148 acres of fill for all major permits and consistency determinations over 

the same 10 year period. 

4. A few large projects account for most of the Bay fill 

administratively authorized for erosion control. Forty (23 percent) of the 

172 protective structures administratively authorized between 1978 and 1987 

involved 10,000 square feet or more of Bay fill and accounted for 

approximately 36 acres (88 percent) of the total authorized fill for 

controlling shoreline erosion. The remaining 132 projects (77 percent) 

required a total of approximately five acres of fill, or approximately 12 

percent of the total fill authorized for erosion control. 

5. Fill for erosion control structures often alters Bay resources. 

Besides displacing Bay volume and reducing Bay surface area, erosion control 

structures usually cover nonvegetated, intertidal areas (usually mudflats) 

typically having important wildlife values. 

6. Protective structures are both more effective and less damaging to 

Bay resources when they are well-designed, carefully constructed, and 

regularly maintained. Because factors affecting erosion vary for each site, 

no single protective structure or strategy is likely to be effective in all 

situations. When a structure is not properly designed for the site's unique 

conditions, it is more likely to fail, may require further Bay fill to repair, 

may have higher long-term costs because of the need for more frequent repairs, 

and may lead to greater disturbance and displacement of the site's Bay 
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resources. In mild conditions, even poorly designed structures will likely 

afford some protection. But the arrival of severe storms will typically lead 

to rapid failure of many protective structures, including well-designed ones 

that have exceeded their design life or have not been properly maintained. 

For this reason, protective structures must be continual l y inspected and 

repaired to ensure that their integrity is maintained. 

7. Erosion control strategies that protect or enhance Bay resources 

(e.g. land use controls or marsh creation) are typically only effective in 

areas experiencing mild erosional pressures. However, in some instances, it 

may be possible to combine marsh restoration with structural approaches to 

control s horeli ne erosion and promote Bay resources, for example, by using 

temporar y wave stilling devices (such as floating breakwaters) or by creating 

areas within a protective structure that are suitable for marsh 

establishment. Protective structures that are more effective in protecting 

shoreline property in moderate to severe wave conditions generally have 

unavoidable adverse impacts on existing Bay reso urces (beach nourishment, 

revetments, bulkheads, seawalls, breakwaters, and sills) . 

8. Mitigating adverse impacts of erosion control structures has 

implications for applicants and the Commission. Assessing all erosion 

control projects to determine their environmental impacts and to determine 

suitable mitigation could onl y be accomplished by adding staff resources or 

redirecting existing staff. As it is proving increasingly difficult to find 

suitable sites fo r mitigation projects withi n the urban ized Bay, requiring 

mitigation for small erosion control projects would probably lead to delays in 

protecting shorel ine property, and increased costs to applicants. 
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9. Rubble is ineffective in halting shoreline erosion and may lead to 

increased fill in the Bay. Rubble, typically consisting of loose dirt, 

concrete or asphalt slabs of varying sizes, bricks, and other construction 

debris, provides some short-term protection, but often quickly fails as the 

rubble slides bayward or is washed offshore. To maintain protection of 

shoreline property, additional rubble is typically placed along the shoreline, 

leading to increased fill in the Bay and continual disturbance to Bay 

resources. 
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CHAPTER VIII 
RECOMMENDATIONS 

Under the McAteer-Petris Act, the Commission must balance protecting the 

natural resources of the Bay with encouraging appropriate development of the 

Bay and shoreline. This balance is perhaps nowhere more difficult to achieve 

than where property is threatened by shoreline erosion. As yet, there is no 

approach wh i ch both effectively prevents shoreline erosion and protects 

existing Bay resou rces from moderate or severe wave action, although marsh 

creation may slow erosion in low wa ve energy environment s . Thus, the 

Commission is often placed in the difficult position of having to choose 

whether to protect natural resources at the expense of allowing shoreline 

property to be erode d , or to authorize protective structures that may da mage 

Bay resources. The results of this study suggest that t his inherent conflict 

can at least be part ly resolved by implementing measures that: (a) improve 

the information prov ided by applicants concerning how such projects will 

impact Bay resources; (b) assure that protective structures are properly 

designe d to increase their effectiveness and reduce their impacts on Bay 

resources; an d (c) r equire mitigation for projects that have significant 

adverse impacts. 

Based on the info rmation in this report, t he staff recommends that the 

Commiss i on take the foll owing action: 

A. Improve information provided by applicants on how proposed erosion 

control structures will impact Bay resources. An applicant is not currently 

required to provide information regarding the Bay resources affected by the 
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proposed project. As a result, it has proven to be difficult to analyze both 

the individual and cumulative impacts of erosion control projects. Th e 

information required to conduct this analysis includes: (a) photographs of 

the shoreline impacted by the project; (b) a description of the amount an d 

kinds of tideland habitats t hat will be displaced or affected by the proposed 

project; (c) the project's effects on Bay resources; and (d) the long-term 

impacts of the proposed erosion control structure on erosion and sedimentation 

processes in adjoi ning areas. To provide this information, the Commission 

should direct the staff to begin the process of amending the Commission's 

reg ulat i ons and application form. 

B. A protective structure displacing 10,000 square feet or more of Bay 

surface area should be processed as a major permit. The Commission should 

direct the staff to begin t he process of amending Regulation Section 10601(5) 

to mod ify the defin it ion of protective structures qualifying as a •minor 

repair or improvement• to include only those projects that displace less than 

10,000 square feet of Bay s urface area. Projects involving more than 10,000 

square feet of fill for protecting shoreline property from erosion should be 

processed as major per mits. Projects involving less than 10,000 square feet 

of fill may also be processed as major permits under existing Commission 

Reg ulation Se ct ion 1062l( b ) if any Commissioner requests Commission 

considerat i on of an ad mi n i strative application. 

C. The Commission should direct the staff to initiate a cooperative, 

regionwide effort to create mitigation banks that can be used as appropriate 

mitigation for erosion control structures. Mitigation banks, supported 

through funds collected fro m applicants on a pro-rata basis toward the cost of 

acquiring, restoring, maintaining, and monitoring a new wet l and, offer the 

only realistic way for applicants proposing small amounts of fill to offset 

the fill's impacts. 
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D. Improve the design of protective structures to increase their 

effectiveness, minimize fill, and reduce their impact on Bay resources. The 

design of erosion control structures should be improved as follows: 

1. Erosion control structures should be designed to 

improve their effectiveness and minimize their 

impacts on Bay resources. Professionals who are 

knowledgeable of the Commiss i on's concerns, such 

as civil engineers experienced in coastal 

processes, should participate in the design of 

erosion control structures. Designs for erosion 

control structures should take into account: (a) 

the specific erosion factors affecting t he site 

and the criteria (such as wave height and wave 

period) used to determine rock size and revetment 

slope; (b) maintenance requirements, incl uding 

costs and frequency of needed inspections; (c) the 

disposition of any existing protective s t ructures 

on the site; and (d) possible impacts on coastal 

processes which would affect nearby shoreline 

areas through redirection of wave energy or 

al ter ation of Bay water currents, patterns of 

sedimentation, and erosion. 

2. Engineering design plans for protective 

structures should be approved by the Commission. 

The Commission should require that engineering 

plans for a proposed erosion control project be 
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approved on behalf of the Commission to assure 

that: (a) the design and proposed materials are 

appropriate for the site and expected erosional 

forces; (b) the project will be constructed in 

accordance with sound safety standards which will 

afford reasonable protection to persons or 

property against the hazards of flood or storm 

waters; (c) the amount of fill proposed is the 

minimum necessary to protect persons and property 

on t he shoreline; (d) the water area to be filled 

is the minimum necessary to protect the shoreline 

from erosion; (e) the location and extent of the 

fill is such that it will minimize harmful effects 

on Bay resources; and (f) the approved structure 

will not create erosion problems for adjoining 

parcels. 

3. Riprap revetments should be constructed of 

properly sized and placed material that mee t s 

specific criteria. The Commission should require 

t hat armor stones used in revetments meet s pecific 

criteria for durability, density, and porosity, 

t hat the armor stones be properly sized and placed 

following sound engineering criteria, and that the 

revetment be free of extraneous material. 

Generally, only engineered quarrystone or 

carefully screened and sized concrete pieces 
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will meet these requirements. Riprap revetments 

co nst ructed out of construction rubble s hould not 

be a uthor ized. 

4. Authorized protective structures should be 

regularly maintained. The Commission should 

require that authorized protective structures 

include a long-term maintenance program to assure 

that the shoreline will be protected fro m tidal 

eros i on and that the effects of the fill project 

on Bay resources dur ing the life of the project 

will be the minimum necessary. 

5. Protective structures should include provisions 

for marsh vegetation where feasible. Along 

shorelines that support marsh vegetation or where 

marsh es tablishment has a reasonable chance of 

success, the Commission should require that the 

de sign of authorized protective structures include 

provisions for establishing marsh and transitional 

upland vegetation as part of the protective 

structure. 

E. All protective structures should be evaluated using the 

Commission's mitigation policy. Mitigation should be required for those 

protect i ve structures whe re the Commission determines t hat the public benefits 

of the fill for e rosi on control does not clearly exceed the public detriment 

from the loss of water areas due to the fill, and where the fill will 

signif icantly and adversely affect Bay resources. 
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To achieve these objectives, the Commission should direct the staff to 

begin the process of amending the San Francisco Bay Plan to include a new 

section entitled •protection of the Shoreline• with the following findings and 

policies: 

Bay Plan Findings 

a. Erosion control projects are needed to protect important shoreline 

improvements. Because so much of the San Francisco Bay shoreline is 

urbanized, erosion control projects protect valuable and costly development 

from being damaged by wave action. In addition, many erosion control projects 

protect important public uses and services which benefit the Bay Area, or 

provide significant benefits to the public. 

b. Most erosion control projects involve some Bay fill. Because 

protective structures are often built bayward of the existing shoreline, they 

impact Bay resources such as water surface area and volume, tidal circulation, 

and wetland habitat. Nonvegetated, intertidal areas (usually mudflats), which 

usually have high wildlife value, are the habitat most commonly affected. 

c. Protective structures are both more effective and less damaging to 

Bay resources when they are well-designed, carefully constructed, and 

regularly maintained. Because factors affecting erosion vary for each site, 

no single protective strategy is effective in all situations. When a 

structure is not properly designed for a site's unique conditions, it is more 

likely to fail, may require further Bay fill to repair, may have higher 

long-term costs because of the need for more frequent repairs, and may lead to 

greater disturbance and displacement of the site's Bay resources. 

-SO-



d. Erosion control strategies that protect or enhance Bay resources 

{such as land use controls and marsh creation) are typically only effective in 

areas experiencing mild erosion. However, in some instances, it may be 

possible to combine marsh restoration with structural approaches to control 

shoreline erosion and promote Bay resources, for example, by using temporary 

wave stilling devices {such as floating breakwaters) or by creating areas 

within a protective structure that are suitable for marsh establishment. 

Protective structures that are more effective in protecting shoreline property 

in moderate to severe wave conditions generally have unavoidable adverse 

impacts on existing Bay resources. 

e. Rubble is ineffective in halting shoreline erosion and may lead to 

increased fill in the Bay. Rubble, typically consisting of loose dirt, 

concrete or asphalt slabs of varying sizes, bricks, and other construction 

debris, provides some short-term protection, but typically fails rapidly in 

storm conditions because the rubble slides bayward or is washed offshore. To 

maintain protection of shoreline property, additional rubble is typically 

placed along the shoreline, leading to increased fill in the Bay and continual 

disturbance to Bay resources. 
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Bay Plan Policies 

a. Erosion control structures should be designed to enhance their 

effectiveness and minimize their impacts on Bay resources. Professionals who 

are knowledgeable of the Commission's concerns, such as civil engineers 

experienced in coastal processes, should participate in the design of erosion 

control structures. Designs for erosion control structures should take into 

account: (a) the specific erosion factors affecting the site and the cr i teria 

used to determine rock size and revetment slope; (b) maintenance requirements, 

including costs and frequency of needed inspections; (c) the disposition of 

any existing protective structures on the site; and (d) possible impacts on 

coastal processes which would affect nearby shoreline areas through 

redirection of wave energy or alteration of Bay water currents, patterns of 

sedimentation, and erosion. 

b. Riprap revetments should be constructed of properly sized and 

placed material that meets specific criteria for durability, density, and 

porosity. Armor stones used in the revetment should be placed according to 

sound engineering criteria, and be free of extraneous material. Generally, 

only engineered quarrystone or carefully screened and sized concrete pieces 

will meet these requirements. Riprap revetments constructed out of rubble 

should not be authorized. 

c. Authorized protective structures should be regularly maintained 

according to a long-term maintenance program to assure that the shoreline will 

be protected fro m tidal erosion and that the effects of the fill project on 

Bay resources during the life of the project will be the minimum necessary. 
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d. Protective structures should include provisions for marsh 

vegetation where feasible. Along shorelines that support marsh vegetation or 

where marsh establ ishment has a reasonable chance of success, the Commiss ion 

should requi re that the design of authorized protective structures include 

provisions for establi s hi ng marsh and transitional upland vegetation as part 

of the protective structure. 
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APP ENDIX A 

Because of th<llr lar·p bulk, -•I h are 

able to wl lhstimd most sto"" waY9 ec.:11011, 
huf becausti of their cost, '""v ere not a 
v i sb I e o;o I u t I 011 in mo~ t c asas. 

Performed ...,11, even though b&ekflll was 
washed out during big s t orm and had to be 

replaced . 5.,.... obje<:tion l o blaedinq 

crau~ote. 

[><eel 1...,1 pert~. It Is a clean lonv 

lasting structure, but •><pensive . 

[><eel 1...,1 performanc.. May corrode over 
time . 

Perfonned e><~lonelly ... 11, Is 1""11 
fasting and quite vandal proof. 

Perf~ pcepf Iona I ly we! I. Toe ""''' ._ 
pro tee led fr""' 1cour. 

Trlal felled, Bags were unde""lned by foe 

scour, Bavs ...,r e brol<..., ~. Post wore 
pushed over. 

Partly successful. Could be ....ta s11<."C9Ss­

ful with a better fl lfoor and toe soour 

pt otoc !Ion. 

Trlal fa! led. Und9r ,.. .. ettedt, .,. • .,., 

washed out of tire' ellowln9 II~ to 

s.,11 le. 
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Artlflclel Coner-et. 
81ocl<s 
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lnlm1Md i l01 
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r ..... te1 ..... 1 ..... le. "''4 
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Frontelnebleeu , le . "lld 
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Fronle i nebleau, la. Mi Id 

Port Wing, Wisc. Mi Id 
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Unknown 
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Var itt"i 
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II'° 
$140 

$1 60 
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l)f SCRIP I I ONrt Rf !lfiMAN<;[ 

69- inch tut... or ~0 - i nch tut... 

plltcqd on a 69 - inc h al b l't -;R o f 

'IOf'O. 

Vgrli c al concrete s labs bah.9en 
unfrJJalnd t imbar po._t <; . 

Conc rot u piP<>s on end, f i lied 
with yr ave I, 

Pi lff concrete rubble pa1al lei 

and a f9" fl>nl ft om loe o f ' '""" · 

Roc:ks p I aced I 11 e r I b bo•e• mads 
of plank <; nt logs. 

G8bion bo•es p18C9d a f..., f-t 
from toe of slope. 

ll-pound blocks hend pleoed 

on filter cloth. 

These mets consisted of blocks 

glued onto carrier strip, 

placed o'1 fl 1 ler cloth. 

l'lodu I es p I aced over nonwoven 

f i lie• cl o tl1 on non -c'-"""&eled 

Ii II. 

(I) All ~h are poor llne9r foot of s honillne """"""' for groin• th., co• I i, for t;,,.,ar foot of gro in . 
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Part I y tUCC<!15 fu I. Sub Jee I ·to wende II"" 
11nd lo r o ll Ing eway from the slope. Could 

be ""'de mo1e e ff lc lenl by movlny eway from 

slopn o< by providing a firm found11lion. 

ral l.,d . ConC"PI should bu rejected . 

Partly successful. Used concrete pipe 

""'"'be avalleble f..- ec"""'l<.:al viebl l l ty . 
Could be madoo bettter with tie beck s and e 

f 11 ter syst-. 

Parlor-.! -11. If lftOUnd ts pleoed et the 
toe o f th., s lope, II should bu designed as 

e r·eveh~n1 the! t las egelnst the ''"-· 

Par-tly successful. Cribs work belt•r es a 
bu lkhead II.at relelns a''""" · 

Pertly sucL'8ss ful. Works t...tter es e 
revef"*1 t .. 

Partlal ly succ::ie.sful. Bloclls --. stol ... 

The l\prl I 1980 stontt dlspl&eed 35 squere 

f .... t. 

Pertlelly SU<.~sfut. "9ts encl blocl<s 

sieved Intact, but t._.. - - 11..._,1,.. 
end d l spl~t of slope, also s.­
er·oslon et toe end shouldoors of ... ts . 

felted . l!odules--. dlsplaciM. Sutlft· .. 
wu uroded . [•posed fl lte1 cloth 
dooler loreted. 
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c l o th with l u 11Q'1 ~ ;rnrl q1 nov .. ! 

ifllftrl ock . 

r, dovi ce s hui I I, ~with per ched 
oo,,c..: he~. 

Concrete r·ubb I e dumpnd a s a 
ripntp at fhff bn-.e n f n low 

s ho1q bluff. 

Thr99 dllJviC9s, two we re 
prnl rx: lin9 bulkheads . 

100 pound armour slone plnced 
on lop o f Ii Iler layer al 

3 : 1 s lope . 

rlYU dotYl<»S, .-Ch with t..o 
lnyers of 100 fu 700 pound 

armour stones, o ver ( i I ter I ayer 
al 21 I ,,.__ 

550- pound al'TllOUr stone 1-112 f-t 

thi ck on a 2 - 1/2 : I slupe. 

l'.i- foot long slabs on 11 ltvr c.:loth 
p I 8C1>d on a 60I s I DI"' . 

Bags stec:ked In a s lngle row on 
a (,QI slope. No toe p•ofA<.:llon. 

Partially succes s ful. Block s In lower 
I Pve 1-, w; evl.' r I v ab1 aded . 

Th<t devlC1! without the per ched beech was 

bedly d.,...good in 1980. In ""' of...,r lour, 
thu ptJt L hf:-d beech we~ so effet.:tive t hat 

any lyl>" of annooring would have worked 

wilh or wlti.-t lilt..- materiel . 

At though there wes no fllt•r "'81erl at 

u•...i, the rvbbl• wac lorolt- into • 90<>d 
gradation of si zes and appa rently lhe 

rubble formed i f s own f l lier blankel. 

0..vk9s - re lneffectl•e, badly d~ 
in 1960. 

Revelment Is s t It t perfo..,.lng -11, 

pr even I ing fur !her shore I ine recession 

el the sit•. Site of stOfW ~r..t too 
smal I for normal wa•e •><posure. 

Rev•t....,t sustelf'l9d llttl• ct...,. from 

nor-ma I wave ec t I on, howevor , a t I were 
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1979. Slzoo of st.,,,. -·..t too .-II 

for no""el wave ••~Ur~. 

Perfono.d ,..11 wlti.-t _r..,,t .s-.p. 

rel t..t . We•• edton o,,.rt..,._. th9 
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fW ••t.._.t .-.Is mot• ft.,.lblllty. 

r•l led . 8.gs brdl• .,._,, wH• ectlon 
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sl ope too •'-· sl"91• row not 9nOUVh • 

(I) Al I cosi5 ent per I inttet foot of ,hor1itt ine f'J)(~f for groln1 fhft co..,t 11 for Ii""'"' f oot nf Qroln. 
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in double row with f 11 fe1 c loth 

rn mnfer ial and tow prole<t ion 

and drain pipAs. 

I - foot, 8 - inch thick melfrttsses 
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no f i I hn I avur • 

A f9briform nylon""'' ovvr 
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Ii lied wi lh s1tnd. 
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Per ti ally succ-.s•ful • ....._.....,,did not 
k....p In! llel shepe but did prov let. •OMe 

pt o foct lun. 

Perl~ well. 5....,.,..., ettr I but.ct lo 

flatter slope, hlo- b•g fhl ~kness, u~e 

of"""!> holes end 108 prole<:tlon, ...,, 

ml...J bur lep b911• tried inslued of dry 

m; •ed paper bags wlr I cir worked •s ..., II . 

Par II ally s.-.&&ful. Beckfl II lost fr°"' 

behind lop ... of control slope. Geblons 

""'"reconstruct.<! using fillers. Bcrlh 

f I lier I aywrt and f II fur c I of h worked 

eff .. c.:t lvely. 

rel lotd. SubJec I tu vendel 1.,. end 

defe• lore! Ion of the f•br le . 

foiled . W11ve ..ct ion desfroyed fabri c . 

felled. WI-. weves '-'- } f-1 <>< 

h I gher the I I r .. s t-;.,,.., buoy en I. 

Pert lel ly s~sful. Pedorwed quit. 

""''I during • shor·t ...,.,1 tor ing pt1r iod, 

but con o~ I on wou Id pr"9veo t I h Is fr ctn 

b..lng e viable solutlor1. 

Per lo.-.-! -11. 

Per fonned -11. 0..splte •ubsldlrnce of 

pert~ of the b...,.kwaler, II conllnued to 
f unc.:t I 0<1 as • s I I I • 
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mater i el. 

Pa rtia lly succes s ful . Probl- with 
anchor and fasteners. 

Partially sucoanlul. The brealtwet.' 
sucoessfully res i sted demegiod by natural 
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by vnndals . ""rc h 1979 sto rm "ash.Kl out 

a prev i sou I y vende II zed se<: I ion. 
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Partially suootKsful. COood perr.......,.. 
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i ""' I ,_, I. 

Pe r l I ally successful. Good perf01'1119n09 

u1>li I d r uc ulure do!terlorafed. Hl"911 

svst"'" needs l ~rov......,I . 
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u...,.,1n r-shp, Unk...-. 

COS T 
(I) 

SlfoO 

SI '•'> 

11 55 

Jl 'i~ 

1110 

Sll5 

Sl50 

s~o 

Sll 5 

$65 

Of <;( f( If' I I Otl 

Cu11 o:; ftm.: fqd with '\700 pound 

p•or ao:; I cnnu ~ t r. Ir ianqulnr 

mr l<iu In<; p I &eP<l Pnci t o "'"rl on 

t-"'Y bot lorn. 

llo llnw cnncr"t" bl ock• , ,1,.11a r 
tn, bu t l8rqP.1 than bui I ding 

b I nck s p I a<:t•rl by 1, ~nd w i I h 

hollows f1Kin9 s Aaward and I load 

logether with U s h~P"d s t.'81 rods. 

Ssne es "0111 in Bftyou" 

5 by 7 by 4 f-1 conc ,..lo boxe s 

pl 11c is:td on bot fO"n in • 1 ow "'i th 

~n ond up, with toe p r o l ec..: t ion 

54 by ]4 by 2 f-1 COf><:r<•I .. boM .. ~ 

plecod on bul l'-'" ifl a rtl"'t wi th 

Qf>flt1 und up . 

Hyl ou bags f I I led with sand. 

Speci al con c r,.te units wi th fou1 

inc l i ll8d legs atl ach.,d l o a 

c yl indrl c al trunk, 

Brush p18C9<1 bolt- hoc rows of 

"°''' on 4 - foo l ""''''" s. 

' - Inc h by 12 - lnch Spruce planks 

on 1] - lool Spr uCM pi I iny on ~ - foot 

center s. 

Ti.....,r on pi I ing 

(I) All e<nh a"' per I l""ar loo-i o f shorul ine " xcepl lo• 9roin5 th., "'" ' is for I inen r fool of groi n. 

-A6-

f'fRf OOMANCl 

Pnr t lal ly SUL'COISSfut. P.,rfm!Nd wel I and 

rwnelned s f1uc fu1elfy sound, but wa ~ not 
1 .. , led 101 a loog 8f10lfgl1 pe1 lod lo dooter ­

ml ne 11 I I Is a long fe r'" so lul Ion. 

Psrtl ally •~sful. Hs• locally el lwcl ­
i Vff bu I dep I eled downdr I It 001t<:hes. S011e 

s truc uture deter I or et ion . 

s- " "Bffh• e..,.-" ebove. 

Par! I a I I y SUCOtS S fu I . r a Ir perfo .--11C9 

bul should h•v• cov"rs lo k- s endllll 

In bcnces . 

Pertl.tly •YCC>OKCful. relr ,....1or......:. 
bul shou ld have ~over s lo k991> sendfl 11 

in bo~es. 

Fa i led. Poor perfo.--nce. Bev• let led 
and sand was lost . 

Fal led. Pom· perfo..--nc9. Structu"' 

undamaged bul did not eltonuete waves. 

retied. Perf°""9d wet I until April 198() 

stono ......., ....,,, of lhe bruch wee weshed 

e~ay. 

Excel tent perfo.--nce. 

boel lent perf-. 



SMALL Fl LLS STUOY -

Charact.,ri,tic ' n f Shore Pro l<><:lion O..vices 

TYl't Ot ot:v1cc T[ ST SI I[ RI LAT IVI_ WAVI_ COSI -- - Of_<;CRIPI ION -- - - -------- P(RI ORMANCl 

_____ ____________ ___ SL VLRH!_ __ ____ (_I_~- ____ __ _ 

""1111$ 
(Con I i nuedl 

!' ..... end Aod< 

Stonv Rubble 

~cr_.,_:!_e.J!.'!_bb I" 

San I lac, Mich . 

rol ly Beach, s. 
Car. 

Sl usl aw, On1. 

Broadk i I I &ac h , 

0.1 . 

ln+@rnt9diate 

Severe 

Mi Id 

Sovur~ 

Sand-~l-£i_!_l~8!19! Al.-fa, Ca . I "'"""''di ah1 

Corrugated ,.,,te~ Hinilch ik, Alaska Severe 

Rod< ""tlo S..ni lac, Mich. In lelfned i ele 

Longe r d Tubes Ashlend, Misc. Unknown 

San I lac, Mich . lnle...,....dl at., 

San I lac, Mich . Int enned I ate 

Gebion s ... 11-.; , Illi ch. lnt .. nnudi•I" 

Sendf I I led Begs Sa11l lac, Mich. lnler.,,.,dlat .. 

$40 

S7J5 

Sfl5 

'70 

S45 

$4 50 

$700 

s 110 

S70 

$90 

S40 

$140 

Rock f 111..d tlmb..r er lb . 

Sh- I pi I ing with rock '°"· 

500 pound lo JOOO --pound gr o In 
~ l orut, 16 - foot top. 

Brule.on conc ra ft!. 

£"""' I I en t perf .,.._,.,.. 

[l<cel lent JI<" formance . 

[•a.I lent per for"""'fl\:9 

[l<eo1 l l""I perfo""""°9, but may no t be 
s table with high ,..ves. 

Hy Ion gegs fl 11.,d wl th sand -<:"""'"' [•eel lent perf~, but may not be 

mi>etur e . 

10 - fool 1...,g+hs of 4 - fool die 

pipe buried ondwi se in ground 

with c ap. 

Hot esphall masti c poured over 
n x:k gr o in. 

stable with high w•ves . 

[l<cel lent per formal'>OIJ. 

Good perfor __ ,,.,. desplt• lo&& of groin 

end. 

69 - inch lube on• strip of lllter P•rll•lly s~sful. ,._,.forwed ... 11 
c lo th with 10- inch holdown lubes until d-ved by debris or v•nd•ll-. 

on each sidol. 

Two -40 - lnch tubots. P•rllelly SOCOll5'ful. Perfon.d ... 1 I 

unftl d-ge by vandal Ism c aused s8"d to 

spl 11 out. 

One---69- Inc h I ubes. P•rllelly SIJC095Sful. Perfon.d ,..1 I 

unll I ~by vandal Ism caused sand lo 

spil t out. 

P•rtl•l ly suc:oessful. "9r f orwed qu I t. 
...,1 I ev"n though the.-. wu sa. sett •-t 

and bol<es on end of groin -s ~. 

9 hy J by 1- fool begs . r e I I ttd . Begs ... ,.. ~ end send esc..,.cl 

(I) Al I <X>Sh er e per 11,,..r fool of shOrel lne """""' for groins th., co<I i< for I i n"8r f,.,t n f groin . 

-/\7-



Sl'lllLL FILLS STUIJY 

Chnnoc ter Is t k• o f Shorn Pr otoc 11 on O..v 1.-.,. 

TYP{ Of DEV IC( RHAllY[ WAYl 
__________________ Sl,.Y[RITY 

T[Sl Sil[ 

NON Snu:TUIW. SYSTOO 

P.m..d 8Mcft 

BHch Fi 11 

~talion Only 

v ... t.tlon with 
Struc:h1re 

A I ftlft9de, Ca. I n I"""°"' i a t1' 

Al sneda, Ca. ln l"""°"'iale 

Alsneda, Ca. ln lenmdlale 

Fontainebleau, La. Mi Id 

Basin Bayou, r1a. lnlermedlah• 

Basin Bayou, Fla. I nhormedl alv 

Al...te,Ala. I ntvrmed I ate 

Oelr. Harbor, Wash. Miid 

COSl 
(IJ 

sso 

S50 

SB 

Sil 

Sl7 

Sl7 

S8 

,, 

O(SCRIPl ION 

Perched beech enclosed by low 
Sand Pi I I"" s i I I a11d 'i re<l 
rubbl" reveh"9nf with filloor 
cloth. 

Sand dumped on beach and retained 
by a groin. 

Pacific cordyrass planed In 
unprotected eree. tnl.,rtidel. 

Smooth cordgrass planted 
unpmtected intertidal ar-s. 

Smooth cordyrass end set t,,,..edow 
cordgress were planted In 
unproleclvd beach er .. s. 

Sniuoth cordgress end sel !....tow 

Pl. RF ORMANC£ 

Syst- v..,.y .,ffecllve. Could b! w99CI et 
")m8 I I s i tes. 

E><cellenf Perf...-nce. After lnltlet fl II 
no eddlflonal send wes required. 

rel led. L•n tt.en 10 percent survived 

first g..-lnv -· 

Ll"'lted IUC<l!SI. l'!Mt of th! plants _,._ 

-shed-+ " • ,_.,11 of ..... ection end 
the intend mov......,t of sand c aused by the 

high waves. 

Survival of both specl~ wes very poor. 

Pertlelly sUCCl!Sslul. Plents heel• 90 
cordgress _,,, plenlvd in pro- percenl aurvlvet rde the tlrat growl .. 
lucted areas bel>lnd • sandgrebber. s .. son, but was elMOSt -tlr-ely wlp!d out 

by mov Ing send th! next yeer. 

Pacific cordgrass plent..i In • ._ Pert I el ly SUCCl!Ssful. Plents In -
proleclvd by breekwet.,r,lnterlldel. I suffer-.d • 66 percent loss In first 

_,.,., end • JO ,.......,t 1 .. 1 of th! 

Ar108 plen+..i was narrow strip 
of upland between revet.....,ts •nd 
bluff. 

r-1 ndotr th! second .-son . A.-- ' lost 
15 percent th! first s .. son end •o ,.....,..., 
the seound. 

Pert l•l ly s11<.-ces1ful. Veg!fetlon .,.1 I 

estebllshood clurlnv first - but - 90 
percent dot•troywd by st°""' of o.c.e..-
1978 end Febru•rv 1919. 

(I) All t'O'lt~ s,.,, p.tr ll"""r fOO"t of sho....,11"" ~for groins th<t co•I is for linear foot of gr..,ln. 
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