





Shoreline Armoring Effects on Physical
Coastal Processes in Puget Sound, Washington

Coastal Erosion Management Studies, Volume 5

August 1994

Prepared by:

Keith Macdonald, David-Simpson, B.radley Paulson, Jack Cox, and Jane Gendron
CH2M Hill, Seattle, Washington '

Report 94-78

Shorelands and Water Resources Program
WASHINGTON DEPARTMENT OF ECOLOGY
Olympia, Washington 98504-7600



Coastal Erosion Management Strategy

This report is one in a series or reports commissioned or completed by the Shorelands and Coastal
Zone Management Program of the Washington Department of Ecology in fulfillment of the Coastal -
Erosion Management Strategy project. The project is dedicated to secking answers to questions on
appropriate technical standards for coastal erosion management, the environmental impact of shoreline
stabilization techniques, and the assessment and development of policy alternatives. The reports in the
series are listed on page iii. Inquiries about the Coastal Erosion Management Strategy project should
be directed to the project manager and series editor:

Douglas J. Canning

Shorelands and Water Resources Program
Washington Department of Ecology

P. O. Box 47600

Olympia, WA 98504.7600

Telephone: 206.407.6781

Internet: dcanning@igc.apc.org

The Coastal Erosion Management Strategy was funded in
part through a cooperative agreement with the National
Oceanic and Atmospheric Administration with funds
appropriated for the Coastal Zone Management Act of
1972 through a grant to the Department of Ecology. The
views expressed herein are those of the authors and do
not reflect the views of NOAA or any of its sub-agencies.

The Department of Ecology is an Equal Opportunity and Affirmative Action employer and does not
discriminate on the basis of race, creed, color, national origin, sex, marital status, sexual orientation,
age, religion or disability as defined by applicable state and/or federal regulations or statutes. If you
have special accommodation needs, please contact Tim Gates at (360) 407-7256. Ecology's telecom-
munications device for the deaf (TDD) number is (360} 407-6006.

Second Printing: April 1995

Recommended bibliographic citation: .

Macdonald, Keith, David Simpson, Bradley Paulsen, Jack Cox, and Jane Gendron. 1994. Shoreline
Amoring Effects on Physical Coastal Processes in Puget Sound, Washington. Coastal Erosion
Management Studies Volume 5. Shorelands and Water Resources Program, Washington Department of
Ecology, Olympia. .

il



Volumes in the Coastal Erosion Manageﬁaent Studies series will be published over a period of time.

Coastal Erosion Management Studies

At the time of publication of this volume, the printing schedule was as follows.

Volume

Volume 1

Voluxhe 2

Volume 3

Volume 4

- Volume §

Volume 6

Volume 7

Volume $
Volume 9

Volume 10

Volume 11

Title

Coastal Erosion Maﬁagement Studies in
Puget Sound, Washington: Executive
Summary '

Coastal Erosion Management: Annotated
Bibliographies on Shoreline Hardening
Effects, Vegetative Erosion Control, and
Beach Nourishment

Inventory and Characterization of Shore-
line Armoring, Thurston County, Wash-
ington, 1977 - 1993 ‘

Engineering and Geotechnical Techniques
for Coastal Erosion Management in Puget
Sound

Shoreline Armoring Effects on Physical
Coastal Processes in Puget Sound, Wash-
ington

Policy Alternatives for Coastal Erosion
Management

Shoreline Armoring Effects on Coastal
Ecology and Biological Resources in
Puget Sound, Washington

Management Options for Unstable Coast-
al Bluffs in Puget Sound, Washington

Regional Approaches to Address Coastal
Erosion Issues

Coastal Erosion Management in Puget
Sound: Final Environmental Impact State-
ment :

Coastal Erosion Management in Puget
Sound: Technical and Policy Guidance
for Local Government

Status

Published January 1995

Published June 1994

In press.
Published June 1994
Published August 1994

Published June 1994

Published August 1994

Published August 1994
Published June 1994

Scheduled, 1994-95

Scheduled, 1994-95

iii



v



Preface

The shores of Washington’s inland coast—greater Puget Sound—undergo both shoreline
erosion and landsliding. The overall rates of shoreline retreat are usually minor, maybe an
inch or two a year, but in some areas may average as much as half a foot per year. This is
usually due to a combination of bluff undercutting and steep slope failure, resulting in
landslides. At any particular location, landslides occur infrequently, often decades apart.
Simple shoreline wave erosion by itself is not often the problem in Puget Sound.

Marine shoreline erosion is a concern to both coastal property owners and the users and
managers of coastal public resources. Coastal property owners are naturally concerned with
protecting their investments in land and buildings. Unfortunately, houses and other buildings
are often built dangerously close to the shoreline. Most property owners react to mncidents of
erosion by erecting erosion control structures such as concrete or rock bulkheads. If properly
constructed, these shoreline armoring structures can slow most forms of wave induced
shoreline erosion for a period of time, but will probably do little to prevent continuing
landsliding. Many shoreline property owners consider shoreline armoring critical to the
protection of their real estate.

Resource managers are, of course, concerned about any adverse effects on the habitats which
support biological resources such as fish and shellfish and are charged with protecting the
public property right in those resources. The scientific literature seems to indicate that
shoreline armoring (and the associated vegetation clearing) typically results in the following
adverse effects:

. Sediment supply to nearby beaches is cut off, thus leading to “starvation” of the
beaches for the sand and other fine grained materials that typically make up a beach.

. The hard face of shoreline armoring, particularly concrete bulkheads, reflects energy
back onto the beach, thus exacerbating beach erosion. '

. In time, a sandy beach is transformed into gravel or cobbles, and may even be scoured
down to bedrock, or more commonly in the Puget Sound basin, a hard clay. The
footings of bulkheads are exposed, leading to undermining and failure.

. Vegetation which shades the upper beach is eliminated, thus degrading the value of the
beach for spawning habitat. .

. Any transformation of the character of the beach affects the kind of life the beach can
support.



Request for Investigation and Assessment

The Thurston and Mason County Commissioners, and the Pierce County Executive, in 1991,
requested that the Department of Ecology (Ecology) investigate the effects of wide spread
shoreline armoring and prepare a programmatic environmental impact statement on the
cumulative effects of bulkheading and other forms of armoring. These elected officials were
reacting to the large numbers of bulkhead permit applications in recent years, and were
voicing concern over their uncertainty about the wisdom of permitting large scale unmitigated
shoreline armoring. '

Legislative Action

In an action unrelated to the local government requests, the‘Washington State Legislature in
1992 passed Engrossed Senate Bill 6128 which amended the Shoreline Management Act to
provide for the following:

. Local governments must have erosion management standards in their Shoreline Master
Programs. While most local governments have erosion sections in their SMP, these
existing regulations may not be as comprehensive as ESB 6128 requires.

«  These standards must address both structural and non-structural methods of erosion
management. Structural methods are typically bulkheads or rip rap. Non-structural
methods include building setbacks and other land use management approaches.

. The standards must give a preference for permitting of erosion protection measures for
residences occupied prior to January 1, 1992 where the erosion protection measure “is
designed to minimize harm to the shoreline natural environment.” This implies no
preference for protection measures first occupied after January 1, 1992.

. ESB- 6128 expands erosion protection from just a residence to “single family residenc-
es and appurtenant structures.”

. Permit application processing by local government must be carried out in a timely
manner. Shoreline property owners testifying for the bill cited local government delays
in permit approval as onerous. Local governments report that most permit delays are
caused by incomplete or inaccurate information on the permit application.

The Coastal Erosion Management Strategy

The legislature was unable to provide local governments or Ecology with the funds necessary
to carry out the intents of ESB 6128 because of reduced tax revenues. Fortunately, Ecology
was successful in obtaining a grant under the federal Coastal Zone Management Act to carry
out a comprehensive Coastal Erosion Management Strategy. |
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CEMS—the Coastal Erosion Management Strategy—is a three year, multi-task program aimed
at (1) satisfying local elected officials’ requests for assessment of the cumulative effects of
shoreline armoring, (2) developing the standards for shoreline erosion management mandated
by ESB 6128, and (3) assessing regulatory alternatives for erosion management. Tasks 1 - 4
were completed in 1992-93. Tasks 5 - 7 were completed in 1993-94, and tasks 8 and 9 in
1994-95. 3

Task 1. Inventory and Characterization of Shoreline Armoring, Thurston County, Washington,
1977 - 1993. Thurston County was selected as the study area for a pilot project because of the
availability of large amounts of relevant information already in data management and GIS
(geographic information system) computer file formats. This study provides quantitative
estimates of the rate and character of shoreline armoring which are not readily available for
most of Puget Sound.

Task 2. Engineering and Geotechnical Techniques for Shoreline Protection in Puget Sound.
The generally accepted engineering and geotechnical techniques for selected erosion manage-
‘ment alternatives (bulkheading, revetments, wave attenuation, beach nourishment, etc.)
appropriate to the tidal range, wave energy, and geologic conditions characteristic of Puget

. Sound are assessed. This report provides the basis (in part) for development of State guidance
recommendations 1o local government for adoption of standards for appropriate erosion
management measures.

Task 3. Shoreline Armoring Effects on Physical Coastal Processes in Puget Sound. The key
assumptions and questions about the effects of shoreline armoring on coastal processes are
evaluated based on the technical literature, and sensitized to Puget Sound conditions. Selected
local case examples are provided.

Task 4. Coastal Erosion Management Regulation: Case Examples and Critical Evaluation.
Regulatory approaches to coastal erosion management in Puget Sound and other states are
evaluated, and policy alternatives for Washington are assessed. This report will provide the
basis (in part) for development of State guidance recommendations to local government for
‘adoption of coastal erosion management procedures.

Task 5. Shoreline Armoring Effects on Biological Resources and Coastal Fcology in Puget
Sound. Following on from Task 3, the direct effects of shoreline armoring and the secondary
effects of changes to coastal processes and conditions upon biological resources are assessed.
Selected local case examples are provided.

Task 6. Coastal Bluff Management Alternatives for Puget Sound. A large measure of
bulkheading is in reaction to slope failures, not shoreline erosion per se. Slope instability is
caused by a combination of inherent geologic weaknesses, ground water loading, and toe
erosion. Following on from tasks 2 and 4, this task addresses coastal bluff management
alternatives.

Task 7. Regional Approaches to Coastal Erosion Management. Traditionally, shoreline
management and erosion control permitting has been on a case-by-case basis. Many “soft”
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approaches to erosion management (e.g. beach nourishment) or mitigation for adverse effects
must be carried out on 2 regional basis to be effective. Both the technical and political
feasibility of regional erosion management is assessed.

Task 8. Coastal Erosion Management Environmental Impact Statement. This task will
integrate the special study reports and other information into a programmatic environmental
impact assessment. ) '

Task 9. Coastal Erosion Management Recommendations for Puget Sound. Based largely on
the foregoing studies, this task will formulate specific model elements which can be recom- .
mended as amendments to local Shoreline Master Programs. The guidance will be published
as a chapter in Ecology’s Shoreline Management Guidebook.

Task 1, Inventory and Characterization, was completed by Thurston Regional Planning
Council. Tasks 2 through 7 were completed CH2M Hill and Battelle Memorial Laboratories
under contract to Ecology. Tasks 8 and 9 will be completed by Ecology. :

Tasks 1 through 7 are each designed to answer a relatively narrow set of questions, therefore
each task completion report presents only a very limited portion the study. Until the entire
project has been completed, the analytical studies have been integrated (Task 8), and Ecology
has developed its guidance to local government (Task 9), no conclusions should be drawn
from the individual study reports.

This report on the impacts of shoreline armoring on physical coastal processes is complement-
-ed by a report on the impacts of shoreline armoring on living resources and ecological
processes (task 5; volume 7). The reader is cautioned against assuming that these two reports

~ are the last word on the subject. We are confident that these reports do represent an accurate
understanding of the issue within the limits of [1] the funding available for the CEMS project
and [2] the state-of-the-knowledge with respect to published research and monitoring data.
Subsequent to the completion of this task, a2 small body of additional professional literature
was published. That information will be incorporated into the environmental impact statement
to be published as a part of this project and report series.

The CEMS project is a balancing of concerns and mandates. The Shoreline Management Act
(SMA) has goals of both “planning for and fostering all reasonable and appropriate uses”
while at the same time “protecting against adverse effects to the public health, the land and its
vegetation and wildlife, and the waters of the state and their aquatic life.” ESB 6128, in
amending the SMA, gave a preference for permitting of erosion protection measures for
residences occupied prior to January 1, 1992 where the erosion protection measure “is
designed to minimize harm to the shoreline natural environment.”

Douglas Canning and Hugh Shipman

Shorelands and Coastal Zone Management Program
Washington Department of Ecology

Post Office Box 47600

Olympia, WA 98504-7600
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Section 1
Introduction

" Objectives

This report summarizes present understanding of shoreline physical processes within Puget
Sound and how they are impacted by the installation of shore protection structures. This
interaction has been debated among technical specialists for many years, and diverse opin-
ions about the effects of different shore protection methods still exist. Misunderstanding in
the lay community can be expected to be at least as great as the intensity with which opin-
ions are defended among the specialists. Ultimately, however, workable solutions to fre-
quently competing concerns for upland property protection and nearshore natural habitat

preservation must be implemented. Information in this report can assist resources and
~ regulatory agency planning and permitting staff to more accurately assess the potential
impacts of proposed coastal construction both locally and at adjacent sites, as well as cumu-
latively within the regional zone of influence. This information can also help property
owners make informed decisions regarding improving and protecting property affected by
local wave and current forces and the unique geological settings of Puget Sound.

~ This report provides technical information on the interaction of shoreline processes and
structures pertinent to Puget Sound. The aim is fo describe the fundamentals of processes
acting in Puget Sound’s varied nearshore and beach environments that will enable predic-
tion of consequences of constructing shore protection measures. General guidance and
recommendations can then be developed within the Department of Ecology (Ecology) for
use by the planning staffs of counties or other entities who must make permitting decisions
regarding property owners’ applications for shoreline modifications.

Apprdach
Planning Considerations

Although this report focuses on the impacts of shoreline modifications to the physical
environment, attention is given to presenting information on the type of processes and
responses particularly relevant to biological studies. (A subsequent report, for Task 5,
Shoreline Armoring Effects on Biological Resources and Coastal Ecology in Puget Sound,
will specifically address the biological impacts of shoreline modifications in greater detail.)
Our approach has been to develop and address a series of basic questions regarding interac-
tions of shore protection, such as bulkheads and beach nourishment, with the hydraulic and
sedimentary regimes that characterize Puget Sound shorelines. Technical information on
physical coastal processes has been reviewed for applicability to those questions at site-
specific as well as more distant shore locations.
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Impact Categories

Shore protection impacts analyzed in this report include changes to the overall beach profile
and changes to the composition of material on the surface of the beach. Impacts in the
vicinity of the shore protection, as well as at more distant beach locations, are discussed.
The types of shore protection considered range from "hard" structures, such as bulkheads
and revetments, to more compliant "soft" approaches, such as beach nourishment and
vegetation management.

Cumulative Impacts

The majority of this report addresses the potential impacts of shore protection on physical
coastal processes either at or immediately adjacent to the actual site of shoreline armoring.
The broader goal of this entire study program, however, is to assess the potential cumula-
tive_effects of shoreline armoring upon both physical coastal processes and ecologlcai
systems throughout Puget Sound.

Such cumulative impacts might be simple and linear, steadily increasing as the total length
of armored shoreline rises. Alternatively, they may be nonlinear and include critical
threshold levels above which additiopal shoreline armoring has highly significant
impacts —or conversely, ceases to greatly alter the beach. Studies addressing cumulative
impacts of altering an environment as dynamic as the shore are very limited. This section
outlines some examples of cumulative impacts and establishes a general framework within
which potential cumulative effects can be further explored.

Puget Sound Case Studies

While extensive studies of shore protection impacts have been conducted in other parts of
the country, very few studies are available for Puget Sound locations. The unique geologic
and oceanographic setting of the Sound, together with the role of recent glaciation, all
result in landforms, shore materials, and process rates that are significantly different from
those at other locations (Downing 1983, Terich 1987). The goal of the Case Studies,

therefore, is to identify those few sites within Puget Sound for which some descriptive and
quantitative data describing the mpacts of shore protection are available. A brief summary
of these very limited available data i is presented.

An obvious outgrowth of the scarce case study data for Puget Sound is the clear and criti-

cal need for more comprehensive field monitoring and quantitative research regarding the
potential impacts of shoreline modifications. These needs are also addressed.
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Section 2 _
Shore Processes

Physical processes that are important to understand for assessing effects of shore structures
are wave generation and dissipation, and sediment transport in currents and waves. Wind
blowing across a body of water transfers energy to it that forms water waves. For storms
of usual duration and where the fetch is limited and restricted by the land boundary, the
height and length to which waves grow will be less than for the unlimited fetch case with
similar wind speeds. For this reason Puget Sound is only a moderate wave energy environ-
ment even in the most exposed locations. Waves dissipate energy through shoaling and
breaking, and transfer energy by generating nearshore currents and transporting sediment.
Energy is finally dissipated to zero in swash action on the beach face.

When wave energy is dissipated in the shore zone, sedimentary particles are transported by
‘stresses generated at the boundary and by turbulence in the flow. As sediment is carried
away from a site, it must be replaced by sediment flowing into the site or a deficit is
created and the shoreline retreats fo compensate. To a great extent, these processes are
dependent on water depth. Tides vary the water depth at a site and thus also the location at
which particular processes are most intense. As wave-generating events and tidal currents
and elevations vary, the intensity and location of processes that modify or maintain shore
features also change.

Definition of Terms
Terms used in the following discussion are defined below.

. Shore protection includes shore hardening, or armoring, and "soft" solutions
to shore erosion. '

. Shore armoring, or "hard" solutions, typically involve the addition of mate-
rial to the shore that is not natural to the site, ranging from vertical walls to
sloped rock rubble, to prevent the loss of property landward of the
armoring. '

. A "soft" solution is a nonstructural approach to preventing loss of upland
property. It usually refers to the placement of beach material (i.e., beach
nourishment or replenishment) or vegetation management at the shore. In
implementing a soft solution, sediment might be added to replace eroded
beach material or to feed a littoral current that would otherwise cause shore-
line retreat. Beach grass might be planted to stabilize shore material against
the actions of wind and flowing water. The shore might be covered with
sedimenting material that is coarser than native sizes. The beach fill is
dynamic and compliant to wave forces, but remains in the profile to a thick-
ness adequate for protecting the underlying natural beach.



*  Beach nourishment is a deposit of beach material, artificially placed along a
shoreline to provide a buffer zone between the waves and the backshore. It
is a "flexible" structure since its shape can be modified by natural littoral
processes. It can restore an eroded beach where it is placed, or it can act as
a "sacrificial fill" to be redistributed by longshore processes and supply
downdrift locations.

. Drift sector (also known as drift cell or littoral cell) is a segment of

' shoreline that allows uninterrupted movement of beach materials. Each drift

cell includes a feed source that supplies the sediment, a driftway along

which the sediment moves, and an accretion terminal or sink where the

 sediment is deposited. Importantly, activities in one drift sector do not
propagate effects to other drift sectors

. Ordinary High Water Mark (OHWM) is a term with special regulatory sig-
nificance in Washington State, where it is used in both the Shoreline Man-
agement Act (SMA) and Hydraulics Code to determine jurisdiction and
setback requirements. In a very general sense—as used in this report—it can
be approx;mately equated with the mean higher high water line, often a little
higher. ‘This is not true from a precise legal and regulatory perspective,

however. As noted in the glossary, the legal definition describes OHWM as
a geographical location along the shoreline determined by a change in vege-
tation type—from predommately aquatic to predominately terrestrial vege-
tation. As such it is a dynamic biological location that cannot be precisely
or consistently equated to any specific elevation or tidal datum.

. The beach is the whole profile of the shore in which sediment is moved by
~ natural forces, from deepest depth on the profile where the most extreme
~ waves cause motion, up to the limit of wave uprush. This can be seen in

Figure 2-1, which documents beach profile changes in response to storm
waves.

. Sediment starvation is a long-term regional sedxment deficit in the littoral
system. The sediment supply to a starved beach is 1ess than the quantity
being removed by natural or other means.

e FErosion is the resuit of a iocahzed concentranon of sediment transporting
forces—perhaps due to a structure’s concentrating wave energy or altering
~ the local shoreline angle—that carries away local shore material.

Genéral Orientation
When a shore in a dynamic* envn'onment consxsts of mobile sedimentary particles,

maintaining stabxhty of the shore features requires continuity of sediment flow. Individual
particles comprising a part of the shore might move through the system, but in the Jong
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term they must be replaced by an equal volume of beach material or lowering of the beach
results. Shore features undergo changes on all time scales, but year-to-year comparisons
form the basis of claiming that a shore is eroding, stable, or accreting.

Hydraulic forces acting on a volume of sediment at the shore are the primary determinate
" of the character of the beach. Whether water flows horizontally or is accelerated by waves
in the surf zone, it exerts a force at the (shore) boundary. If that boundary is composed of
transportable particles, the flow has a capacity for sediment transport, determined by the
magnitude of the forces and depth of flow. A volumetric quantity is implied. If there is
excess sediment available for transport, then the actual sediment transport rate equals the
potential transport rate. The magnitude of the force applied at the sediment surface deter-
mines the competence of the flow, which implies the upper limit of the particle size able to
be transported. A standard formula for relating the longshore transport rate to wave
parameters does not contain particle size explicitly (USACOE/SPM 1984, pp. 4-96). Most
beaches for which there is a concern of shore retreat are outer (ocean) coast sandy beaches
and the size range of beach material is so narrow that size is unnecessary for empirical for-
mulas. Puget Sound beaches, however—typically derived from poorly sorted glacial till
that contains cobbles, gravel, sand, and clay—include particles coarse enough that the com-
petence of the transporting forces is often too low to transport the median particle size.
For a given wave and flow condition, there is a theoretical capacity for each size class of
sediment (i.e., cobbles, coarse sand, fine sand, sediment). At many Puget Sound loca-
tions, actual transport is less than the mathematical potential transport because of the
limitation of availability. This leads to "starved" segments of the beach and removal of all
the finer sediment sizes from the surface and near-surface of the substrate.

When a shoreline reach is in equilibrium, sediment is supplied to the reach at the same
average rate it is transported out of the reach. - The concept of "conservation of sediment”
describes sediment erosion, transportation, and deposition.. The concept is applied by way
of establishing a control volume in which one accounts for the mass of sediment added and
removed, as illustrated in Figure 2-2. The physics of sediment transport operate at the
micro-scale. The aggregate of the micro-scale processes results in the macro-scale fea-
tures: beach width, profile shape, and cross-shore and longshore distribution of particle
sizes. The scale one uses is determined by how fine the resolution is needed for analyzing
processes and morphology at a particular site. In simplified studies, the control volume in
which sediment conservation is observed extends over large areas, for example from the
greatest depth at which waves cause motion to dune or bluff crest and perhaps for a great
distance in the alongshore direction. For examining more local effects of structures on the
shore and on shore processes, it is necessary to consider much smaller areas in which
sediment inflow and outflow are quantified. ' :

" Beach Profile and Shore Plan Form
Wave energy approaching shore-drives currents that tend to move sediment both across the

shore and along the shore. At times material is removed from the back shore and distri-
. buted in deep water, and irregularities in the shoreline are smoothed, or possibly
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accentuated. In the shore environment a complicated balance in three dimensions is being
approached at any instant involving the work that waves and currents do in modifying the
-sediment surface and the rate at which energy is expended as determined by the local bot-
tom slope and orientation of the depth contours. In the following paragraphs, the processes
acting to achieve this balance are described separately from the standpoint of general
physics. Then processes having particular applicability to Puget Sound are discussed. This
understanding will form the background for evaluating technical material relating to
detailed impacts of shore proteCtion- on Puget Sound shores.

Cross-shore Processes. Waves propagating toward shore begin to transform when they
encounter water depth that is about half the wave length. In this process wave length and
speed decrease. One result is to turn the direction of wave propagation so that the wave
crest tends to allgn more parallel thh bottom contours (1 e., refractlon)

Another result is to locally change the wave steepness (rano of he1ght to iength) Wave
steepness and length, in combination with bottom slope, determine the location in the pro-
file where the wave breaks and the type of wave-breaking that occurs. Under conditions of
long waves and low steepness, breaking waves move beach material up the profile and
~ build the beach. Those waves are called constructive waves. Destructive waves, often
associated with winter storms, alter the profile by moving material from the upper profile
to deeper water. This results in a seasonal exchange of material across the beach profile.
A balanced system provides material for the lower part of the profile by temporarily re-
moving it from storage in the upper part. If the beach material cannot move laterally, the
beach would be in dynamic equilibrium,

Larson (1988) describes how under steep waves-conditions usually associated with locally
generated storms—beach material is removed from the upper profile and transported to
deeper depths to create a breakpoint bar and steeper profile. This type of profile is
referred to as the "winter profile" or "storm profile.” During periods of lower wave steep-
ness, the bar material migrates toward the shoreline and rebuilds the beach, producing the
"summer profile" or "berm profile" (Figures 2-3 and 2-4). Most studies of beach profile
dynamics were conducted on sandy beaches. .Beaches conta.mmg a significant gravel frac-
tion also exchange material across the proﬁlc but the responses of the different sizes of
shore material cause the shore morphology to be different from that of a purely sandy
beach. Coarse material is found at the upper part of the winter proﬁle Gravel exposed
“there with sands found lower in the profile might resu_lt from the winnowing action of the
surf and effects on swash asymmetry by percolation in coarse material. Removal of mate-
'rial from the dry part of the beach for temporary storage in the wet part of the profile does
not constitute a net loss of beach material.

Percolation of swash into the beach material is important in determining the beach face
slope and the inequality of transporting forces of the wave runup and runback. Beaches of
coarse material (i.e., gravel) allow for more infiltration of water in the swash zone, and for
a fuller part of the swash cycle, than do fine sandy beaches. This results in greater trans-
porting forces directed landward than seaward in the case of gravel beaches. The slope
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thus steepens until the forces balance with the downslope component of gravity. Fine sand
beach material is easier to saturate than is coarse material. High water content of the
beach material causes the transporting forces of wave uprush and downrush to be more
equal, resulting in a flatter beach. Similarly, a high water table in the backbeach adds to
the seaward flow through the beach and has the effect of increasing the transport of beach
material during the downrush. This accelerates the formation of the winter profile in the
presence of the type of waves that would produce that profile. Experimental evidence
shows that the escape of groundwater seeping through the surface of the beach can be
erosive and that accretive waves are required to maintain a tidal beach at an equilibrium
slope (Sato, 1990). Obviously, any action that alters the water table of the beach, or the
pore pressure in the beach material, affects the beach profile.

Longshore Processes. Waves rarely approach shore exactly perpendicularly. As a result,
a longshore component of wave energy is applied in the surf Zone. Two predominant
variables for computing the potential longshore sand transport rate (Hanson and Kraus,
1989) are the breaking wave height and the angle formed between the breaking wave and
the depth contour or local shoreline. Longshore transport rates vary across the surf zone
(Bodge and Dean, 1987), the greatest amount of transport occurring just inshore of the
(wave) break point. The longshore flow of water and sediment that occurs in this zone is
called the littoral stream or shore-drift (Figure 2-5). The potential rate is variable in time
and space, and the actual rate might not be as great as the potential. The sediment supply
might limit the rate of introduction of sediment to the littoral stream. The littoral stream
experiences a sediment deficit in that reach where its transport capacity is greater than the
quantity being transported. In a sediment transporting flow, there is a continual exchange
of particies between the flow and the sediment bed, even if it is not carrying material at
capacity. If there is insufficient sediment already in the stream, littoral currents will
attempt to erode available material, resulting in starvation of the reach and retreat of the
shoreline. '

Wave Diffraction and Reffaction

Bathymetry affects waves by changing the direction at which they arrive at the shore (i.e.,
wave refraction). Because headlands protrude beyond embayments into the surf zone, the
bottom contours refract waves in a way to concentrate wave energy, and thus erosive
forces, on the shore at the headland. Moving downcoast from a headland, the wave height
and wave angle yield lower potential transport rates than at the headland. Figure 2-6 illus-
trates this variation in wave energy applied along an irregular shoreline. It is this attempt
to “"even out" the energy dissipation alongshore that makes headland bluffs—or areas made
into headlands by structural modifications—areas of accelerated erosion.

Diffraction of waves occurs when unbroken waves pass the ends or corners of shore struc-
tures. A distinctive pattern of wave propagation direction and wave heights is created in
the vicinity of the diffracting end or corner (Figure 2-7). The result is sheltering in the
immediate vicinity of the structure (i.e., a shadow zone). It is common to find debris
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accumulation adjacent to, and on the downdrift side of, diffracting structures due to this
sheltering effect.  This process is also responsible for the formation of spiral
beaches—small crescent-shaped beaches created within the shadow zone.

Shore structures reflect waves according to the smoothness and siope of the reflecting
surface and the water depth in which the structure is located. The highest reflectivity is
achieved with a smooth vertical wall with a submerged toe. Standing waves tend to form
in front of such reflecting surfaces, through the superposition of incoming and reflected
waves. There is some evidence that the equilibrium depth of scour below the substrate
level in front of a vertical wall is approximately equal to the height of the incident wave
(Smith and Chapman, 1982). When a wall is located in deeper water, the wave is dissi-
pated less before reaching the structure. Therefore, a greater amount of the initial wave
energy is available for driving processes that could modify the shore. Sloped walls, such
as rubble revetments, also reflect wave energy, although to a lesser degree than vertical
walls do.

Natural beaches can also reflect wave energy. Reflective beach profiles (as opposed to
dissipative profiles that absorb wave energy rather than reflect it) have steep beach faces
with surging breakers, bedload transport (i.e.; sediment rolled along the seabed), and an
absence of nearshore bars and rip currents (Mossa, Meisburger, and Morang, 1992). The
dominant direction of transport is alongshore, not cross-shore. A beach having an abun-
dance of sand size material can adjust to varying energy states of the surf zone by changing
from a dissipative beach to a reflective beach (Nordstrom, 1992). Where beach material is
‘predominantly large, as in much of Puget Sound, the equilibrium condition is the reflective
beach. Through time the shoreline has become adjusted to the particular wave reflection
and dissipative characteristics of the profiles. Placing structures at the shore might increase
reflectivity and cause an adjustment in the system.

The initial reflectivity of typical Puget Sound beaches is greater than the sandy beaches on
which most seawall interaction studies have been performed. Therefore conclusions, par-
ticularly any quantitative measures, derived from those sandy beach studies are subject to
modification before they can confidently be applied in Puget Sound.

Mutual Adjustment of Shore Features and Energy Dissipation Processes

Wave forces are dissipated to zero at the limit of uprush on a sloped surface. Kinetic
energy in the water wave is dissipated through generation of heat and transport of solid
particles at the boundary and in the water column. Some of the wave energy is reflected
from the boundary on which it impinges. Where that sloped surface is made of mobile
particles, the magnitude and rate of energy dissipation and the stability of the particles
cause a particular geometric form to develop, both in profile and in planform. The bound-
*ary form controls, by way of water depth, the rate of energy dissipation and exertion of
wave and current forces against the boundary. Where input conditions are relatively steady
with respect to the response time of the changing boundary geometry, an approximate
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equilibrium is established between beach profile shape, sediment transport rates, and wave
energy. dissipation rates. -

Wave-driven and tidally driven currents provide the hydrodynamic forces for transporting
individual particles that make up the shoreface and nearshore zone. These currents include
longshore currents as well as the runup bore and runback sheet flow of the swash zone.
Increased reflectivity of the boundary increases turbulence and wave interference (super-
position) in the surf zone, which are thought to alter the intensity and pattern of transport
of shore material (U. S. Corps of Engineers, 1981). Beaches are degraded through the net
removal of particles transported by hydrodynamic forces. Where the transporting force
exceeds a particle’s resisting force, that particle is moved, then falls toward the boundary
when the transporting force is insufficient to maintain its motion. Sedimentary particles are
in motion throughout the coastal zone, with deposition and erosion occurring nearly simul-
taneously. The summation of particles that are removed or are added to the beach consti-
tute the change in shoreline position and profile shape, which then adjust the beach
reflectivity. :

Sediment transport mechanisms are strongly dependent on grain size. Sediment cohesion
can cause fine-grained silts (< 0.1 mm grain diameter) and clays to be resistant to erosion,
but once in suspension they are rapidly mixed in the water column and can be carried long
distances. Fine sands (0.1 to 0.5 mm grain diameter) are easier to erode and move through
a combination of both suspended load and bedload. Coarse sands (0.5 to 2.0 mm grain
diameter) and gravels mostly roll or "skip" (saitate) along the bottom as bedload, for they
require much greater hydraulic forces for suspension and transport.

" A convenient way of viewing the flux of sediment is to apply the principle of conservation
of sediment to a control volume. Within a control volume, thought of as fixed in space,
when more material enters than leaves, the quantity in storage increases and is expressed
physically as an increase in boundary elevation and accretion (shallower depths and progra-
dation of the shoreline). This change in boundary configuration is not accomplished with-
out affecting energy dissipation rates and sedimentary stability of particles adjacent to this
specific control volume. When changes in wave forces, water level, sediment supply, or
sediment character are imposed on the system, the effects are propagated throughout the
beach and surfzone, through the mutual feedback of energy dissipation rate, transport rate,
and boundary form. Given time, the entire profile is remolded to a new equilibrium
condition. '

Episodic Processes

In studying beach processes, one must be aware of the integral role of adjacent bluffs in
supplying beach material (Figure 2-8). Likewise, bluff recession is tied to beach character-
istics. A bluff contributes material by episodic and localized collapse. The material thus
liberated is reworked and sorted for a long time afterwards. Sometimes only a relatively
small fraction of the total volume removed from a bluff face is of a grain size suitable
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to become mobile beach material. If present, very large size material (boulders, cobbles)
remains at the toe of the bluff and eventually scouring occurs around it. Much of the
typical glacially derived Puget Sound bluff material is disaggregated into fine particles and
lost to deep water by waves and currents. Significant bluff slumping is required to satisfy
the shore’s natural demand for littoral material. Where bluff material feeds an active lit-
toral stream, the equilibrium condluon is one of retreating bluff, retrcatmg shoreline, and
constant beach width.

Drift Sector Concept’

Sediment processes around Puget Sound can be spatially segregated mto hundreds of dis-
tinct drift sectors (drift or littoral cells). Headlands frequently delineate longshore zonés or
sectors in which littoral processes and materials are isolated from other sectors. Material
moving in the littoral stream is called drift or shore-drift. The longshore transport rate is
often referred to as the drift rate (see Fact Sheet). The sector between headlands in which
the drift is isolated from adjacent locations is the drift sector (Figures 2-9 and 2-10). A
drift sector can be divided into three longshore areas: a feed or source area that supplies
material to the downdrift, a driftway or transport area where there is minimal net loss or
gain of material, and an accretion terminal or sink area where the drift material is depo-
sited (see Fact Sheet). The boundaries between source, driftway, and sink can shift
locations within a drift sector with changing sedlment source conditions, changing water
levels, and changing wave height and direction.

Large Organic Debris

Large Organic Debris (LOD)—drift trees, "snags," stumps, driftwood, and all manner of
woody debris—is a distinctive and significant feature of Pacific Northwest river systems,
coastlines, and beaches. Early visitors to the Northwest describe great quantities of LOD
in estuaries and river mouths, as well as on the beaches of Puget Sound and the outer coast
(Maser et al., 1988; see Fact Sheet). |

In quiescent periods, LOD can act like a berm or breakwater, slowing wave or current
action and enhancing the accumulation of beach sediments. Piles of drift logs lying at the
foot of a bank or bluff can also provide natural "toe protection,” thus slowing erosion.
Under high tide and storm wave conditions, however, Iarge drift logs may float free and
act as battering rams that can greatly increase local erosion and inflict serious property
damage.

LThe best information on drift sectors sround Pnéet Sound is contained in a series of Department of Ecology research reports titled Net

Shore-drift in Washinston State, Version 2.0 (June 1991}, These reports are based on master’s theses completed under the guidance of
Professor Maurice Schwartz, Department of Geology, Western Washington University, Bellingham, Washington. Ecology no lenger
recommends use of drifl sector information in the earlier Constal Zone Atlas (1977-80) series (Douglas Canning, Ecology, March 1993).
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FACT SHEET

Puget Sound contains a wide variety of barrier beaches
including cuspate forelands (points), tombolos, spits,
and bay barriers (Downing, 1983), The term “accretion
beach" has been used widely in Washington to describe
these features. These landforms range from a few
hundred meters in size to several kilometers. Most,
but not all, have associated marshes, lagoons, or ponds
to the landward. The spits and accretional beaches of
Puget Sound share many characteristics with barriers in
Chesapeake Bay, on the New England coast, and in the
Great Lakes. '

Barrier beaches within Puget Sound are built from

abundance of small barrier beaches in Puget Sound is a
result of a highly convoluted shoreline and an abun-
dant supply of sand and gravel in adjacent eroding
bluffs.

Spits and barrier beaches within Puget Sound are sub-
ject to flooding and wave damage during major storms.
The berm may be overwashed during periods of high
waves and tides. Rafted debris can cause serious dam-
age to houses and seawalls. Developed barriers are
vulnerable to storms that cause localized or short-term
erosion and which often undermine bulkheads and
homes. In addition, long-term erosion may occur in
response to reductions in sediment supply from updrift
areas (Shipman and Canning, 1993).

sediment moved by Ilongshore currents. The

Accretion beaches

Many of the barriers in the Puget Lowland have been
developed intensively for both industrial purposes and,
more commonly, as residential subdivisions. Most of
this development occurred prior to the environmental
Jegislation of the early 1970s and, in particular, the
state’s Shoreline Management Act (1971). Development
of these sites has resulted in extensive filling of wet-
lands, armoring of shoreline, and dredging of channels.

Barrier sites are also among the most valuable public
shoreline in Puget Sound, and many are parks or wild-
life refuges. Low bank shoreline is relatively un-
common within Puget Sound, and these locations
provide exceilent shoreline access for recreation, boat
jaunching, and shellfish harvesting.

The barrier beaches of Puget Sound shelter many small
salt marshes, freshwater ponds, and lagoons. They are
associated with many small stream mouths. These
small estuarine environments within Puget Sound are
extremely productive areas. Barriers represent a large
part of the low bank shoreline in the Sound, excepting
the large, heavily modified river deltas. The sites pro-
vide feeding sites for wading birds, shorebirds, and
raptors and provide protected shallow water fish
habitat.

~Hugh Shipman (1993)

100256B0.5EAp/1
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In addition to these roles as shoreline "structural elements,” LOD adds important elements
of habitat/substrate diversity and habitat complexity to Northwest estuarine and coastal
ecosystems. ' '

Application to Puget Sound

Ninety to 95 percent of the world’s beach sediment is delivered to the coast by rivers
(Komar, 1976, p. 235), but Puget Sound beaches are supplied predominantly by erosional
products of local bluffs (Downing, 1983, p. 54; Shipman and Canning, 1993). The source
material of most Puget Sound beaches is poorly sorted glacial sediments. As a conse-
quence, beach material can be made of mostly sand in some locations and mostly gravel in
others. Generaily, Puget Sound beach material is characterized by coarse size and poor
sorting, i.e., a wide range of sediment sizes mixed together. The porosity and hydrody-
namic properties of these sediments produce distinctive beach forms.

The morphology of much of Puget Sound’s shoreline is that of a narrow beach fronting
steep shore bluffs (Terich, 1987, p. 17). This morphology is illustrated in Figure 2-11.
The high tide beach has a steep face and is composed of coarse sediment. The usual slope
measured in Skagit County ranged from 4° to 9° (Keuler, 1979, p. 17). Coarse material
added to the beach at West Point in King County formed into a foreshore having a 7° to 9°
slope and an upslope winter berm having a slope of 14° to 16° (Domenowske, 1987). The
low tide terrace is at the foot of the high tide beach and forms an abrupt change in slope at
and above the mean lower low water elevation. The low tide terrace lies at a flatter slope
than the high tide beach and consists of poorly sorted fine-grained sediments. This mor-
phology is not common on a worldwide basis and can be attributed to the following causes
(Keuler, 1979, p. 13):

. A large tide range relative to the predominant wave height. (This is proba-
bly the primary control of beach morphology.)

. The differing responses of gravel and sand to short-period storm waves.
Gravel is piled up on ridges, while sand is withdrawn to the lower foreshore
or nearshore bottom.

. The low tide terrace develops by deposition of fine-grained sediments from
longshore transport of suspended sediments supplied by cliff erosion or
nearby streams.

. Possible cause is a limited supply of coarse material.

The predominant wind direction in Puget Sound is from the southwest to the northeast.
However, since many of Puget Sound’s deep, narrow channels trend north and south, most
of the shoreline, particularly in-the central and southern parts, is not directly exposed to
- long fetches (Figure 2-12). The direction of wave approach, availability of sediment, and
the fetch length are the most important factors influencing sediment transport rates in Puget
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Sound and Strait of Juan de Fuca. From their study of net shore-drift rates in Puget Sound
and Strait of Juan de Fuca, Wallace and Schwartz (1987) determined that 27 percent of the
drift sectors had net shore-drift rates of less than 100 cubic meters per year, 31 percent had
rates between 100 and 1,000 cubic meters per year, 38 percent had rates between 1,000
and 10,000 cubic meters per year, and just 4 percent had net drift rates greater than
10,000 cubic meters per year. Drift rates were quantified by a combination of measuring
sediment accumulation at obstructions that form total barriers, measuring spit growth from
aerial photographs, and by analyzing dredging volumes where applicable (Schwartz, Wal-
lace, and Jacobsen, 1589, see Fact Sheet).” By comparison with drift rates measured from
sandy beaches on open ocean coasts (100,000 to 300,000 cubic meters per year) or even
Great Lakes beaches (30,000 to 60,000 cubic meters per year; USACOE/SPM, 1984,
pp. 4-91), Puget Sound beaches clearly exhibit very low drift rates.

Wallace and Schwartz (1987) note that net shore-drift rates are generally lower in southern
Puget Sound than in the northern Sound, the Strait of Juan de Fuca, or Georgia Strait.
They concluded that development in the South Sound is less likely to cause a major inter-
ruption of sediment transport—and, by implication, would have less impact —than compara-
ble development farther north. This is not necessarily correct, however, for impacts are
more likely to refiect the proportion of sediment transport interrupted, rather than differ-
ences in the absolute volume of sediment transport.

- These factors emphasize the difference between the Puget Sound shore environment and the
typical fine sandy beaches usually chosen to study the effects of coastal structures on shore
processes and morphology. Keuler (1979, p. 28) asserts that Puget Sound’s accreted
beaches are the product of longshore transport, and that because the coarsest material
(larger than 64 mm in diameter) represents less than 5 percent of the accreting volume, the
occurrence of transport is very infrequent. High tides and high waves control the timing of
erosion and transport. By considering the distribution of occurrences of tides higher than
Mean High Water and the pattern of storm waves, it is likely that most shore erosion in
Puget Sound occurs during a few days per year between November and January.

Deep water near shore allows wave energy to impact the shores and bluffs of Puget Sound.
Steep beaches are associated with coarse particle sizes. The fraction of total bluff source
material with grain sizes appropriate for beach deposits is small, however, requiring
erosion and disaggregation of larger volumes of bluff material than are indicated by the .
transport rates reported by Wallace and Schwartz (1987). The overall bluff retreat rate,
however, is not high (Keuler, 1988).

Most bluff failures in Puget Sound occur during the rainy November to March period
(Tubbs, 1975; Downing, 1983, p. 77). Failure mechanisms are tied to saturation of the
soil mass by precipitation and loss of ballast at the toe of the slope. Where the toe is
exposed to the water surface in Puget Sound, the bluff is most vulnerable to undercutting
by wave erosion. - A bluff composed of porous material overlying an impermeable clay
Iayer is most vulnerable to collapse after long periods of heavy rains, even without expo-
sure to waves. Still, a combination of conditions is usually present when a bluff collapses
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Net Shore-Drift Rates
Fetch Distance
Schou (1952) found that CANADA
in protected coastal 5. GNITED §TATES

areas, the direction of
net shore-drift is most
often determined by the
direction of maximum
fetch. The waterways
of southern Puget
Sound are oriented in a
general ‘southwest-
northeast trend. How-
ever, the coastline of
the southern region is
very irregular, with
many headlands, coves,
bays, and islands.
Fetch  distances and
directions are varied
because of these
irregularities.

Fetch distances ob-
served in the southermn
region of Puget Sound

were, with the excep- PAGIFIC
tion of the Des Moines
City Marina, all less
OCEAN
than 10 km. The mean
annual net shore-drift ‘ S e
rate for sites #8-18 is 1. Neah Bay Braakwater
400 cu m/yr. 2. Ediz Hook
. 3. Dungenass Spit

4, Travis Spit
Puget Sound Central 8, Port Townsend Marina
waterways are gen- 5. Pope and Tatbot Sawmitl Jetty
erally oriented east- 7. Kingston Ferry Terminal Parking Lot
west. The main body 8. Twanoh State Park Boat-Ramp
of water is the Strait of 8. Vaughn Bay Spit

Juan de Fuca, through | 11 Goer Guimtspie
which wind and waves | 12 Zittel's Masina
approach from the 3. Foss Tug Jeny
west. Drift rates at 14, Foss Tog Jetty
Ediz Hook and | & Carr Inlet Naval Acoustic Range
: . N 16. Nearns Point
Dungeness Spit, 9,000 | 47 Fox stand Bridge -
and 14:0100 cu m/yr, 18, Fox Island Bridge
respective represent 19.  Des Moines City Maring
ﬁaep?:rgesty}ategp in the %? ﬁe\‘.ﬂ"'}e g‘*qu’ . o
study area. Both sites | 227 Skyline Harina Study Sites of Net Shore-Drift Rates
are within drift cells %2 g@nrilyBPoin‘}_ﬁpit Mari : :
i 3 A irgch Bay Village tiarina
?\avmg fetch distances 25. Semiahmoo Spit
in excess of 50km, 26. Point Roberts Marina

among the largest in
the Puget Sound area.

Four sites (#23-26) in the northern région all have fetch
distances greater than 40 km. Consistent with relatively
long fetches, these sites have a relatively large mean
annual net shore-drift rate of 3,500 cu m/yr.

The east-central region includes six sites (#5-7, 20-22)
jocated east of the Strait of Juan de Fuca, ¥our have
fetch distances in excess of 12.5 km. The mean annual
net shore-drift rate for this region is 1,500 cu m/yr.
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No. Site (coﬂnty) Waves* Fetchh Cel* Rated were eight sitesl these had a mean drift
1 {Neah Bay Breakwater, Clallam E 40 { 40] 860 ratg‘;fdl,SfizO cﬁl r;/yrl.o 1S:av?n sites ;*’f;e
T within drift cells 4 to m long, and the
2 jEdiz Hook, Clallam W 515 11.8 9,170 mean rate for these sites was 3,000 cu
.3 |Dungeness Spit, Claliam W | Unlimited| 260{ 14,200 | m/yr. In drift cells exceeding 10 km
- - there were four sites; these show a mean
4 |Travis Spit, Claliax.n NE 30.0 56| 2182 drift rate of 6,000 cu m/yr. These data
5 |Pt Townsend Marina, Jefferson SE 8.6 601 1,190 support the trend of increased drift rates
6 |Pope & Talbot Mill, Kitsap SW 3.0 6.0 77 associated with increased drift cell length.
7 |Kingston Ferry Terminal, Kitsap| SE 125 1.2] 2,082 Data on cell length was also analyzed
8 |Twanoh Pk Boat Ramp, Mason | SW 69 | 81| 215| using ﬁsmsign- If the n{uﬂ h}*;?o&resi; is
Py : assumed to be correct (no relation be-
9 Vaughn Bay Splt, Pierce s 8.6 39 2,013 tween cell lengtll and drift l‘ate) the criti-
10 |Steamboat island Spit, Thurston| SW 5.4 4.0 328 cal value (r) should once gain be less than
: : .33, to be within a 95 percent confidence
11 C?oper POH:!&-Spit, Thurston ] 10.0 77 808 interval for the data set. Analysis yielded
12 |Zittel’s Marina, Thurston N 48 | . 05 95 | an (r) value of 0.53. Although not as high
13 |South Foss Tug Jetty, Pierce S 1.5 0.6 21 as the critical value for fetch distance,
77 INeh Fos T 7 3 : TE 3 T this, n.onethele‘ss, appears to indicate that
orth Foss Tug Jetty, Plerce : - there is a relation between the length of a

15 [Carr Inlet Naval Range, Pierce | SW | 64 | 28] 634 drift cell and the rate of net shore-drift.
16 {Neams Point Spit, Pierce SW 64 | 07 93 | Relatively large segments of undefended
17 |NW Fox Island Bridge, Pierce sSW 7.6 1.5 30 coastline, under the combined influence
: - " of westerly waves, large fetch distances,
18 '|SE Fox I.sland Bridge, Pierce SE 7.6 2.7 40 and relatively long drift cells, exhibit
19 |Des Moines City Marina, King SW i7.7 291 4912 transport of the largest volumes of
20 |Keystone Harbor, Island SW 137 | 96| 4550 | sediment recorded in this study-
o P = : eastward, along the south coast of the
21 |Mariner's Cove, Islan 14.3 1. 213 | Strait of Juan de Fuca {west-central
22 {Skyline Marina, Skagit SW 483 | 10.0] 830 iﬁgion)- é\lgrtgem Puget Sounid exhibits
- " e second highest mean annual transport
23 |Sandy Point Spit, Whatcom NwW 145.0 13.3 '2,115 volume. This is due in part to feich
24 {Birch Bay Marina, Whatcom w 40.0 2.9 600 distances in excess of 40 km, combined
75 |Semiahmoo Spit, Whatcom W 200 | 65| 8210 | With predominant, northwesterly wind
- : and waves entering northern Puget Sound
26 |Pt. Roberts Marina SE -48.0 331 3,552 through the Strait of Gegrgia_ The east-
’Comﬁla'ss direction of predominate wave approach *Effective fetch dis- centrall region 'SI.I;:’t ilrecﬁ}f sub]}ected&lto
|tance, km. “Drift cell length, km.*Net shore-drift rate, m*/year. westerly waves like those sites along the
, i v : south coast of the Strait of Juan de Fuca.

Regression analysis supports the fetch distance-rate re-
lation. If there is no relation between fetch distance
and drift rate, computation using regression equations
of a critical value (r), with a confidence level of 95 per-
cent, should have a value of 0.33 or less. Data on fetch
distance was used to arrive at a value for {r). The criti-
cal (r) value was 0.69; thus the null hypothesis was re-
jected and an increase fetch distance-increase drift-rate
relation was inferred.

Drift Cell Length

Drift cells ranged in length from 0.3 to 260 km. Four
groups were delineated, based on drift cell length, Of
the 26 sites, seven were within drift cells of 2 km or
less. The mean drift rate in cells of this length was
400 cu m/yr. Within drift cells 2 to 4 km long, there

However, the mean fetch distance for

sites in this area is 17.6 km, and the
overall drift rates are an order of magnitude greater
than those in southern Puget Sound. Southern Puget
Sound, with waterways oriented along a southwest-
northeast trend, is affected primarily by southerly waves
and relatively small fetches to the south, southwest, and
southeast. Smaller volumes of sediment are transported
in southern Puget Sourid due mainly to lmited fetch
exposures arising from the many islands, bays, and
headlands in the region.

Source: _
Schwartz and Wallace (1986) and
Schwartz, Wallace and Jacobsen (1989)
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onto a beach: rain storm, high tide, high waves, and removal of fronting beach. When
collapse occurs, material is supplied throughout the drift sector, providing temporary pro-
tection for adjacent bluffs. Bluff retreat is therefore mfrequent and loss of the bluff face
at an individual locatmn is an even rarer event.

| T_he width and _elevauon of the beach control the exposure of the bluff to wave forces and
abrasion by sediment particles that leads to bluff collapse (Kamphuis, 1987). Where the
trarisport rate is high, or where localized interference with processes causes a continual
narrowing of the beach, it can be expected that bluff recession would be relatively rapid.
In Puget Sound, more than 6,000 years ago, sea level rose relatively rapidly. There proba-
bly was little or no beach and the bluffs retreated rapidly. As sea level rise slowed, a
shallow platform of eroded bluff material developed (Downing, 1983, p. 52). As the rate

- at which material is carried away from a bluff toe, and the rate of bluff retreat approach a

 balance, beach width becomes more nearly constant. It is important to realize that in this

state of balance, with a constant beach wzdth the overall shore position wﬂl retreat along
with the bluff face pcsmon

Longshore transport in dnft sectors in Puget Sound appears to be at low rates (Wallace &"'

Schwartz, 1987) and occurrences are infrequent (Keuler, 1979, p. 28). These observations
are consistent with a low rate of bluff retreat. Keuler (1988) estimated long-term erosion
rates in central Puget Sound were about 10 cm/year (4 in/year).  Keuler (1979, p. 59)
determined the erosion rate of unconsolidated deposits on bluffed shorelines in Skagit
County was about 5 cm/year (2 m/yea:)

Sediment dtscharge by rivers flowing into Puget Sound is not as volumetrically important
as bluff erosion, but it also follows episodic patterns. Downing (1983, p. 20) reported that
the 12 largest rivers in the Puget Lowland discharge about 1.8 million cubic meters
(2.4 million cubic yards) of sediment annuaily, but only about 10 percent is sand size or

- coarser. ‘This compares with about 1.5 million cubic meters (2.0 million cubic yards) that

come from beach and cliff erosion and is clearly the primary source of zegmnal beach
sediment. Griggs (1987a) concluded from his investigation of sediment discharge in north-
ern California coastal streams that this source delivered most sediment to the beach in a

few high-flow years. He further concluded that sedzment delivery actually occurs dunng :

only a few high- ﬁow days in those years.

The result of episodic sediment dehvery to a localized spot isa temporary increase in the
sediment available for transport and an irregularity in the shoreline, whether at a river delta
or at a recent bluff collapse. Wave and current processes rework and sort the liberated
material and distribute it throughout the beach profile and alongshore, slowly increasing
beach width at more distant locations. The timing and rate of beach growth at a particular
location depends not only on the volume and size distribution of sediment episodically

‘delivered at the shore, but also on the distance from where it was delivered. The

coincidence of all of these factors may result in temporarily distorted perceptions of
shoreline processes—that is, they may appear to be responding faster or slower to change
than their true average condition (see Fact Sheet).

10025603 .SEA/26 :
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When geologists speak of coastal erosion rates, they
usually mean long-term average rates of shoreline
retreat. When property owners speak of coastal ero-
sion rates, they usually mean the amount of bluff that
slid during the previous winter. Both of these rates are
important, and it is critical to understand ' the
distinction.

Shoreline retreat is the rate at which the toe of the bluff
moves landward and must be documented over a long
enough period so as not to be influenced by short-term
variations. Short-term erosion typically refers to slope
failures such as landslides, slumps, or simply the
sloughing of a layer of soil and vegetation. In the case
of slope failures, it is useful to know the frequency and
the maxzmum extent of such an event.

High rabes of bluff retreat

Shoreline Erosion Rates

Ralph Keuler, with the US. Geological Survey,
measured long-term shoreline erosion in much of north-
ern Puget Sound. The fastest rates are over 1 foot per
year at Point Partridge on the exposed west side of
Whidbey Island, but this rate is unusually high for
Puget Sound. Even on exposed feeder bluffs such as
Forbes Point near Qak Harbor, the north end of
Marrowstone Island, or Yellow Bluff on Guemes Island,
retreat rates are in the 4- to 8-inch per year range. On
less exposed shorelines, the erosion rates are often much
less than 4 inches per year.

Coastal erosion is highly episodic. Long periods during
which erosion is negligible are interrupted by short,
impressive slumps and landslides. These slope failures
are triggered by saturated soils, tree blowdown, or the
combination of storm
waves and high tides.

.

of the bluff, exposing

fresh material. centuries.

4 Bluff materials are weak. Many factors affect the
resistance of rock to erosion, including rock type,
fractures, and groundwater saturation. The glacial
sediments typical of Puget Sound bluffs may erode
several inches per year, whereas massive bedrock
such as that in the San Juans may erode only a
faction of an inch per year.

4 Beaches are narrow. Beaches provide excellent
natural protection, dissipating wave energy over a
broad area and limiting the frequency with which
waves actually reach the base of the bluff.

feeder bluffs such as Birch Point in Whatcom County,
Scatchett Head on south Whidbey Island, and Green
Point south of Gig Harbor. As one moves downdrift
within a coastal drift sector, beaches generally become
wider, and erosion rates may diminish.

These three conditions are most often met on classic

occur when:

s Although these events may
4 Wave energy is high. § AV:;?‘?Z?FWI io,d n mwic cause the top of the bank
Long fetches in the g eq \ al to retreat several feet, and
direction of predomi- s 40 iion: may appear even worse
nant winds, coupled -\g Noﬁna[ Gond since they strip away ma-
with deep water close | ture vegetation, the long-
to shore, allow large :; .20 l;f::{gﬁd;:;t term rate at the location
waves to develop and % A may still be very slow. It
to reach the toe of the £ may be many decades
bluff. Energetic waves & before that portion of the

can break apart rocks 0O bank slides again.
more easily and can 1800 1900 2000 2100 ghoreline property owners

rapidly remove eroded Figure 1. Long term erosion rates are an average of many  ,pon  accelerate  erosion
material from the base 1.p4qlide or erosion events over a period of decades to

rates by weakening the
bluff or causing the beach
to diminish. The former is easily done by clearing up-
land vegetation and changing bluff hydrology by mis-
directing storm runoff or placmg sewage drain fields too
close to the bluff.

The latter is best done by armoring the shoreline up-
drift, effectively starving the beach of needed sediment.

There is a tendency around Puget Sound to exaggerate
the rate of long-term shoreline erosion, yet ignore the
potential for short-term bluff failure. When developing
near marine bluffs, we need to recognize that both slope
stability and chronic shoreline erosion affect the safety
of the property but that, if the geology of the site is
known and the structure is adequately set back, pro-
blems will be unlikely.

~Hugh Shipman (1993)
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: Section 3
Major Impact Categories

To provide a broader context for the specific assessment of shoreline armoring impacts on
physical coastal processes that follows (Section 4), this section of the report outlines poten-
tial general impacts to both physical and biological processes that can result from shore
protection'. A summary of these potential shoreline armoring impact categories is pre-
sented in Table 3-1.

Impacts to Physical Processes

Direct impacts to physical shoreline processes include excavation and burial effects from
the placement of "structures" along the shore—whether they be sand or cobble beachfills
(nourishment), rock revetments, or concrete bulkheads—as well as all the temporary im-
pacts associated with their construction (noise, vibration, increased turbidity, work barge
impacts, accidental spills, etc.). Depending on their placement relative to the original
undisturbed natural shoreline, addition of any such "structures” is likely to result in a direct
loss of beach area and possibly a narrowing of the shore drift (sediment transport) corridor.

Possibly the most significant of all impacts resulting from shore protection is a direct im-
pact: the impoundment of potential natural sediment sources behind shoreline structures.
A seawall that cuts off sediment supply from a feeder bluff to the beach, or a bulkhead that
prevents unusually high tides or storm waves from reaching a reservoir of sediment stored
high on the beach, will cause direct onsite impacts, as well as indirect downdrift (and
possibly updrift) impacts. '

" Indirect impacts to physical processes from shore protection include the downdrift impacts
of sediment impoundment noted above, changes in local drainage and groundwater regimes,
and a variety of hydraulic impacts. The hydraulic impacts result from a general increase in
(erosional) energy seaward of the shore protection, caused by reflection of wave energy
and increased turbulence. Together with sediment impoundment, it is these indirect hy-
draulic impacts that are the central theme of Section 4. :

Another potentially important but poorly documented catégory of indirect impacts are "dur-
ing storm" impacts, when seabed fluidization and scour are much more pronounced than
under "normal” conditions {Smith and Chapman, 1982).

Finally, potential cumulative impacts of shoreline armoring need to be considered. In their
simplest form, these cumulative impacts will represent small incremental increases in all
previously described impacts as additional individual shore armoring projects are completed

l'fhurston County Historic Commission expressed the additional concern that significant coastal archagological resources, Salish Indian

shell middens, for example, can be lost or disrupted through bulkhezding (Shanna Stevenson, Thurston County, personal communica-
tion, May 1993).



Table 3-1 | "
Shoreline Arm ormg Impact Categornes -
IMPACTS TO PHYSICAL PROCESSES ' ‘
1. Direct Impacts
a. Temporary Construction Impacts
b.  Permanent Impacts
. Placement of Structures/Loss of Beach Area
* Impoundment (Loss) of Sediment Source Behind Structures
2. Indirect Permanent Impacts
a. Downdrift Impacts from Sedlment Impoundment
b. Modifications of Groundwater Regime
C. Hydraulic Impacts from Armoring
. Increased Energy Seaward of Armoring
° Reflected Wave Energy From Other Structures
. Dry Beach Narrowing/End Wall Effects .
. Substrate Winnowing/Coarsening
N Beach Profile Lowering/Steepening
. Potential "During Storm" Impacts
* Sediment Storage Capacity Changes
° Loss of Organic Debris (inc. LOD)
. Downdrift Impacts of the Above
3. Cumulativc Impacts
- a. Incremental Increases in All Impacts
b, Impacts to Single Drift Sectors )
| *  Downdrift Sediment Starvation

C. gotential Threshold Effects
IMPACT LINKS TO BIOLOGICAL PROCESSES

1. Direct Impacts
" a.  Temporary Construction Impacts
b. Permanent Impacts
| Habitat (Substrate) Burial or Removal
. Change Vegetative Cover/Organic Inputs
2. Indirect Permanent Impacts
a. Modification of Groundwater Reg1me

b. Changes to Shoreline Environment Due to Hydraulic Impacts

. Loss Spawmng/Foragmg/Reanng Hab1tat for Fish
* Loss Migratory Corridor for Fish
. Substrate Changes Reflected in Benthos

* Effects on Shellfish
Cumulatlve Impacts
a. Incremental Increases in All Impacts
b. Potential Threshold Effects
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around Puget Sound. For example, cumulative increases in downdrift sediment starvation
of beaches. When impacts to specific drift sectors are considered, however, it is possible
that certain "threshold values" may exist beyond which small incremental impacts either
cease to have any further effect or, conversely, suddenly become highly significant. Com-
paring impacts of armoring a drift sector’s transport corridor (dnftway), versus its source
area, might provide an example of such threshold values.

Impact Links to Biological Processes

Impact links to blologlcai processes from shore protection (Table 3-1) can be broken down
in much the same way as for physical processes. Direct permanent impacts to the shore
could include habitat (substrate) removal or burial, with its direct loss of onsite organisms;
and modification or removal of native plant cover—trees, shrubs, and herbs. Veégetation
modification is also likely to alter the availability and type of organic material —whether
seasonal leaf fall, trees, or material camed down by bluff collapse—reaching the shore.

Indirect 1mpacts include the biological consequences of modifications to the local ground-
water regime and the effects of hydraulic 1mpacts Narrowing of the dry beach, deepening/
steepening of the beach profile, and coarsening of bottom sediments, caused by the hy-
draulic impacts (increasing shoreline turbulence) noted above, all result in indirect impacts
to shoreline biology. Reduced shading, changing substrates and organic mputs as well as
increased turbulence and water depths, all have the potential to impact spawning, rearing,
and foraging of fish species, as well as impacting their nearshore migratory corridors.

Changes in bottom sediment grain sizes will have a significant impact on the types and
abundance of benthic organisms present and will include impacts to shellfish.

Finally, as with the physical processes, there are cumulative impacts to shoreline biological
processes to be considered. Once again, small incremental 1mpacts to biological systems
from the addition of single armoring projects may be linear in their effect, or they could
respond significantly to threshold levels. If local species populations or specific spawning
habitats become too scarce, or are separated by too great a distance, for example, biologi-
cal impacts could increase sharply to more significant levels.

The following quote from Kurt Fresh, Washington State Department of Fisheries (Washing-
ton Coastal Currents, Vol. XVI(6), p. 15, December 1991) nicely summarizes interrela-
tionships between physical and biological processes in Puget Sound:

“During the last 20 years we have learned much about how organisms use our shorelines,
including seasonal and temporal patterns of distribution and abundance, food habits, and
responses to changes in environmental conditions. We have also become more cognizant of
the functions shorelines provide for these animals. Some important functions include -
foraging, reproduction, refuge from predation, physiological transition zones, and migratory
corridors.

One important lesson of the last 20 years is that shorelines are not a series of isolated and
discrete habitats but rather are linked by both physical and biological processes into a



system of habitats, Physical processes such as sediment transport, currents, and weather
events significantly influence the type of habitat that exists along any particular stretch of
shoreline. These processes operate on a broad regional basis. Sediments on a particular
beach may originate from a feeder bluff many miles away.

Biological processes also link shoreline habitats over broad distances. Recent work has
demonstrated that detritus (small pieces of particulate organic carbon) is one of the key
elements of nearshore food webs, especially in Puget Sound. Detritus used on one beach
may have originated in an estuary or eelgrass bed many miles away.

During the last 20 years we’ve learned about the effects of shoreline modifications on bio-
logical resources. From a biological perspective, shoreline modification is fundamentally a
change in habitat. The substrate may be altered, vegetation eliminated, or current patterns
modified. When the habitat is transformed, even subtly, resources can be impacted.” (Kurt
Fresh, 1991)

While the emphasis of this report is on shoreline armoring impacts to physical coastal proc-
esses—it is important to understand some of the types of physical/biological linkages that
Fresh is referring to. Following is a summary of ecological issues identified by Washing-
ton Department of Fisheries (Ken Bates, personal communication, 1993} or identified in the
literature as possibly related to physical changes that might be associated. with a site-speci-
fic beach stabilization project.

Chaﬁges (generally losses) in food resources

. Losses of terrestrial- or estuarine-derived organic matter that would have
been contributed dun‘ng episodic erosion. Dexter, et al. (1981) identify that
shoreline erosion is one of the major contributors to the detrital pool of Pu~ -
get Sound’s nearshore environment. '

. Less likelihood for accumulation of detrital material on steep narrow beaches
(logs, drift algae, and associated organic matter).

. Less retention of organic materials in coarser substrates (Kozloff, 1974).

. Change in marine food web (loss of terrestrial inputs, and changes in marine
benthic flora and fauna including bacterial communities) due to physmal
changes.

. Losses of shoreline vegetation and associated estuarine or upland food web

in areas filled and developed.
Changes in Habitat
Beaches and the nearshoxe vicinity can take on entirely different characteristics

including substrate type, slope or angle, wave energy, sediment size, and food
availability as discussed above. While some nearshore organisms are flexible and



can colonize different types of habitats, others are more limited. Following are
some relevant habitat impacts that have been identified by Fisheries and others.

Sandlance, herring, and surf smelt are important bait fish in Puget Sound
that all depend upon nearshore/intertidal areas. These species all require
specific substrate material and stability conditions for successful intertidal
spawning. Rock sole also use nearshore and intertidal sandy areas for
spawning.

- Adult sandlance require sandy nearshore habitat for feeding. They
leave the sand to swarm in the nearshore surface water for spawning.
If nearshore sand is removed, less habitat will be available for this
species. -

- Pacific herring lay their eggs in eelgrass beds and on other types of
macrophytic vegetation. Changes to eelgrass beds have occurred
from shoreline protection, which resulted in loss of sand substrate.

- Spawning habitat for surf smelt may be mimicked by berms built up
in front of the toe of the structures during storm events. Eggs re-
quire 2 to 4 weeks for incubation, and these berms are not stable
enough to remain for that length of time. When the berm washes
.away, eggs are lost. Pentilla (1978) conducted a lengthy study of
surf smelt-spawning in Puget Sound and reported that substrate and
shade are negatively impacted by bulkheads. Spawning substrate can
be lost, and shoreline shade, which protects spawned eggs from
desiccation and temperature extremes, may be removed when bulk-
- heads are constructed. '

Juvenile fish rely on the intertidal/nearshore habitat for protection, rearing,
and feeding. Species that use this area that are especially important to Puget
Sound include salmonids, cod, and flat fish such as starry flounder and

English sole.

Large organic debris such as drift logs provide an ecological niche on Puget
Sound beaches for several species including algae, barnacles, isopods and
amphipods, terrestrial insects, and bacterial communities. On shallow sandy
beaches, logs can create sand traps, thereby providing additional shoreline

stabilization. On armored beaches, logs readily slip along the surface and

can affect the shoreline (Downing, 1983).

Changes in Seasonal Characteristics of Beach Profiles

Man-made stabilization systems may respond differently to storm waves and build-
ing waves and might result in different seasonal responses than natural shorelines.




response to the presence of a seawall), and controls (i.e., the controls that determine the
type and magnitude of beach response). All three lists are reproduced in Table 4-1 and
provide an important general perspective for the discussion that follows.

Estuarine Beaches Are Not
Scaled-Down Ocean Systems

It is notable that, while Tait and Griggs’ (1991) literature review considers widely distrib-
uted study sites, the majority are sandy beaches, on open ocean coasts —California, Florida,
and Oregon, for example. Further, many of the studies reviewed involved the reaction of
beaches and seawalls to severe storm or even hurricane conditions. Superficially at least,
the general features of these locations—broad, gently sloping beaches characterized by
uniform, well-sorted sediments and impacted by large waves, ocean swells, and an active
surf zone —seem very different from what we commonly see in Puget Sound.

This view, that Puget Sound beaches are substantially different from those of the open
coast, gains support from Nordstrom’s (1992) recently published book, Estuarine Beaches.
Several quotes from Nordstrom (1992) summarizing the distinctive characteristics of estuar-
ine beaches are presented in the accompanying fact sheet. A figure illustrating differences
-in beach proﬁle response to erosional wave conditions on estuarine beaches versus the open
ocean coast is also included.

The distinctive features of estuarine beaches noted by Nordstrom (1992) —particularly the
importance of local wind-generated waves as the primary agents of erosion, relatively high
tidal range, and predominance of coarser sediments—must all be kept in mind when re-
search results from the open coast studies are transferred to Puget Sound beaches.

Quantitative Information on
Beach Responses Remains Scarce

Tait and Griggs (1991) indicate that our present knowledge about the long- and short-term
effects of seawalls on beaches is limited and that central to this dilemma is the lack of
sufficient field data with which to resolve alternative claims. To quote: ‘

"It is important to assess the effects of seawalls on beaches under a variety
of conditions, using a variety of seawall designs, and in a variety of coastal
environments (e.g., cliffed shore versus dunes, eroding shoreline versus
stable environment, longshore transport versus no net longshore transport,
high energy versus low energy, etc.). It is also important that enough sea-
sons or years of record are available to be able to distinguish between long«
term trends and short-term variability."

4-2
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" FACT SHEET

Estuarine Beaches

Waves and Currents

The primary agents of erosion on estuarine beaches are
waves generated within the estuaries by local winds in
association with passage of low pressure centers and
fronts, although ocean swell waves entering through
inlets, tidal currents, wind drift, and human-induced

process are important on some sites. Process controls -

and shoreline characteristics differ over short distances
in - irregularly-shaped estuaries, and there is
considerable local variability between sites due to
differences in fetch length, exposure to winds from
different quadrants and ocean waves. :

Waves generated by local winds in estuaries have low
wave heights and short periods.... Tidal range affects
the vertical distribution for wave-enérgy over the pro-
file, determining the width of the beach and the dura-
tion that waves break at any elevation. Beaches with
‘{high tidal range relative to wave height are character-
ized by a steep upper foreshore with a broad, flat low-
tide terrace. At low tide, spilling waves break in a
broad surf zone across the gently sloping low-tide
terrace, but the energy in the waves is low. At high
tide, waves reach the upper foreshore with little loss of
energy and break as plunging waves. During storms,
spilling waves pass over the low-tide terrace at both
low water and mid-tide levels. There is a lack of
energy for transport of sediment from the low-tide
terrace to the upper foreshore during periods of low
wind velocities.

Wave refraction is less effective on short-period waves,
and locally generated estuarine waves often break at a
sharper angle to the beach that refracted ocean
waves...

Longshore currents are predominantly generated by the
breaking of local wind-waves but refracted ocean
.waves, tidal flows and wind drift are important. Cur-
rents induced by refracted ocean waves and tides may
flow opposite flows generated by local wind-waves.
Tidal currents are important near channels, projecting
headlands and constrictions in the bay, and they may
be the dominant agent of sediment transport on the
low-tide terrace... :

Ship a_nd boat wakes are higher on estuarine sites than
on ocean sites because vessels can pass close to
beaches, and the wakes account for a greater propor-
tion of the total energy, The size of wakes varies
largely with vessel speed and distance from the sailing
line, but ship length, beam, draft, and hull geometry
are important. The average energy of boat wakes is
usuaily only a small percentage of the average energy

of wind waves in all but the smallest estuarine basins.
The shorelines most susceptible to erosion from boat
wakes are in narrow creeks or coves, are composed for
easily erodible material, have a steep nearshore gradient
and have a high rate of boat passage close to shore.

Shoreline Characteristics

Only a fraction of the material eroded from coastal
formations is found in the mobile layer of sediments on
the upper foreshores of estuarine beaches. Cobbles form
an immobile layer under sand and pebbles, and fine
sand and smaller particles are winnowed from the
beach. Surface sediments are usually coarser on estua-
rine beaches than ocean beaches, due to the absence of
long, flat waves that normally deliver fine sediments
from offshore and through preferential elimination of
fine particles....

Gravel beaches are common in formerly glaciated estu-
aries, and they can exist in lowmergy environments., A
sma}l rate of delivery of gravel is sufficient to form a
beach through time because there are no offshore losses.
Some gravel beaches are immobile lag surfaces, but
many are characterized by high rates of change.

The depth of mobilization of sediments on the upper
foreshore is small, and the active beach may be only a
thin veneer of unconsolidated material overlying an
immobile layer of coarse sediments, clay, peat, or a
wave cut platform. Mobilization of sediments on the
low-tide terrace by waves may only occur to depths of
10 to 30 mm, and biological activity may play a greater.
role than wave processes in altering the characteristics

of the surface and subsurface.

...Vegetation plays a greater role in influencing mor-

' phologlca} change on estuarine beaches than on ocean

beaches because of the greater abundance of vegetation
and the reduced ability of low-energy waves to move
it....

Estuarine shorelines are often composed of numerous
isolated beaches with different orientations. They have
high variability in morphology and rate of erosion over
small areas resulting from local differences in fetch,
wind direction, stratigraphy,’ inherited topography,
resistant outcrops on the foreshore, variations in sub-
mergence rates and amounts of sediment in eroding
formations. Irregular shoreline oriertations result in a
great length of shoreline within an estuary. Beach
compartments are isolated into longshore drift cells
defined by deep coves or headlands formed by resistant
rock, marsh, or human structures.
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The net rate of longshore transport on estuarine
beaches can be an order of magnitude less than the rate
on ocean beaches. Net rates vary with orientation,
fetch distance, and size of each drift cell and range
from tens of cubic meters to tens of thousands of cubic
meters. Rates of transport are low, but the magnitude
of erosion c¢an be high because the quantities of sedi-
ment in transport represent a sizeable fraction of the
total unconsolidated sediment in the active beach....

Beach Dynamics

Conspicuous cycles of cross-shore sediment transport
bayward of mean low water appear o be rare on
estuarine beaches characterized by short fetch distances
and appreciable tidal ranges. Conspicuous change on
meso-tidal (tidal range <1.0m to >4.0 m) estuarine
beaches is confined to the upper foreshore above the
low-tide terrace....

High-energy waves on meso-tidal estuarine beaches
remove sediment from the upper foreshore and deposit
it on the lower foreshore with a change to a concave
upward profile. Onshore-offshore transport is usually
confined to a few meters bayward of the former break
in slope between the upper foreshore and the low-tide
terrace. Recovery involves transport of material up the
upper foreshore with eventual restoration of the previ-
ous linear slope across the entire upper beach, The
sediments that are moved offshore form only a thin
veneer over the surface close to the break in slope
instead of forming the bar that is prominent on many
ocean sites. A small swash bar may form, but it is not

Profile response to erosional wave conditions on ocean and estuarine beaches.
(MHW and MLW are mean high water and mean low water.)

under water at low tide. Permanent offshore losses mhy
occur on estuarine beaches that have large amounts of
fine sand.

...Landward displacement of the entire foreshore profile
may occur while the profile slope is maintained. This
parallel-slope retreat appears to be the result of losses of
sediment due to longshore movement on the upper
foreshore associated with changes in wind direction and
wave approach, and it can occur as a result of either
high-energy events or prolonged periods of
unidirectional longshore currents. The effect is most
pronounced near one end of a drift compartment.
Recovery involves return of sediment from longshore
sources with litfle or no change in beach slope.

Many gravel beaches in estuarine settings are steeper
than sandy beaches because of their permeability, but
flatter slopes may occur oh non-equilibrium beaches
where sediments are 0o coarse to be reworked by
waves or where a thin veneer of mobile gravel overlies
a wave cut terrace. Gravel beaches are morphodyna-
mically reflective, and cusps, berms and storm ridges
are prominent. Cross-shore cycles of transport on
gravel beaches are rare; bar forms are usually lacking,
and differences in slope between the upper foreshore
and low-tide terrace are pronounced.

Source: Nordstrom (1992)
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For now, these field data simply do not exist. Thus, while qualitative descriptions of beach
response, processes, and controls dre increasing in scope and reliability, quantitative data
describing the magnitude of these beach/seawall relationships clearly still remains beyond
our grasp.

it is worth noting that quantifying beach/seawall interactions and process rates—toe scour,
erosion, and sediment transport, for example—is a difficult task. Professionals familiar
with the field regard data points that agree within a factor of two as "precise,” while agree-
ment within an order of magnitude is still considered good (Steven Costa, personal com-
munication, August 1993). '

Shoreline Erosion Is an Important Element
in Natural Coastal Stabilization

There is a widespread tendency to regard shoreline erosion as something "bad" that needs
to be stopped. This is understandable if your house is located close to the shoreline, espe-
cially if you have just experienced a powerful winter storm and an episodic erosion event!
Yet, in fact, trying to halt erosion is not only likely to prove unsuccessful, at least in the
longer term, but it may actually aggravate the perceived erosion "problem" you are trying

- to solve. ) ' :

 As the energy contained in waves is dissipated on the shoreline, sediments are in a con-
tinual state of flux as erosional and depositional processes strive to reach a dynamic equili-
brium. Wave erosion, smoothing out shoreline irregularities, contributes sediment to the
adjacent beach. These beach sediments are continually reworked and transported by wave-
driven alongshore currents until they are eventually lost to some depositional sink. This
"river of sand" (or more often, coarser materials in Puget Sound), continually moving

along the shoreline, provides a critical natural defense of the land against the waves.
Structural intervention along the shore often disrupts this natural }me of defense, resulting
in mcreased rather than decreased, erosmnal problems. .

The purpose here is to stress that erosion along the shore is not inherently bad —indeed the
feeding and nourishment of the shoreline with an adequate supply of sedimentary material
provides the best natural defense against excessive erosion. Further, awareness of the
inevitability of coastal erosion and its generally episodic nature—especially here in Puget
Sound —provides a more rational framework for long-term management of both coastal
resources and coastal development (Bascom, 1980; Downing, 1983; Silvester and Hsu,
‘ 1993) :

Major Physical Impact Categories
Potential physical responses of a natural, undisturbed, shoreline system to the placerﬁent of

different forms of shore protection have been orgamzed into six categories. These cate-
gories are as follows:



Sediment impoundment (leading to downdrift impacts)
Modification of groundwater regime

Narrowing of the beach '

Lowering of the beach profile

Modification of beach substrates

Loss of beached organic debris

*® ® & & 5 @

Impacts of shore protection features on the shore vary according to the type of shore pro-
tection, wave energy regime, and site geology (i.e., landform and sediment type;
Table 4-1). In the following discussion we make the distinction between "hard” and "soft"
approaches to shore protection. Examples of hard structures are bulkheads, sea walls, and
revetments, while soft solutions to shore protection include dynamically acting or compliant
approaches such as beach nourishment or replenishment. Shoreline vegetation management
is also often viewed as a soft solution, however, functionally vegetation is a "hard” struc-
ture intended to hold the sediment in place rather than allowing adjustment. Vegetation
does offer a soft solution in the sense that it can "grow” with slowly changing site condi-
tions; it also offers greater potential for shore (and bluff) protection in the more protected
habitats of Puget Sound than on the open coast.

Because hydraulic forces acting on a volume of sediment at the shore are the primary
determinant of the character of a beach (given a particular source material), the impact of
shore protection on the beach is scaled according to the degree of modification to the hy-
draulics and sediment supply caused by the shore protection. The location of shore protec-
tion within the beach profile is widely recognized as a critical factor in determining
impacts, for this controls the extent of its interaction with waves and currents and, there-
fore, its potential for modifying sediment transport in the littoral zone (Weggel, 1988; Tait
and Griggs 1991, p. 23).

In this section, structures are analyzed for physical impacts according to whether they are
high in the beach profile and only stabilize material upland from them, or whether they are
Jower in the beach profile and impinge on wave energy dissipation and sediment transport
~ processes. The alongshore location of shore protection within a particular drift sector also
determines the extent to which it interacts with sediment transport.

Each of the six physical impact categories listed above is identified in the form of a ques-
tion, which is then answered—pro and con—from available literature and other data
sources. Where data are available, physical impacts of placing hard- or soft-shore protec-
tion landward (above) and waterward (below) of Ordinary High Water Mark (OHWM, see
Section 2) are described separately. For clarity, each impact discussion begins on a new
page; conclusions sections assess our current state of knowledge of each major impact.



Does Shore Protection Cause Sediment Impoundment
That Has Downdrift Impacts?

Impoundment of sediments behind some form of shore protection system is the most
broadly acknowledged, least controversial, and possibly the most significant physical im-
pact of shoreline armoring (Tait and Griggs, 1991). Sediment impoundment—typically the
long-term or permanent removal of sedimentary source material from the dynamic long-
shore transport system—can result from two different basic mechanisms.

The principal mechanism for impoundment, and certainly the one most commonly seen in
Puget Sound, is simply the permanent loss of sediment from a beach system when it is
“locked up" behind a seawall, bulkhead, or revetment. Depending on the seawall’s loca-
“tion within the beach profile, this loss can include (a) sediment from the active beach,
(b) sediment "stored" in backshore areas, that is usually only activated into the lorigshore
" transport system during severe storm events, and (c) sediment from adjacent upland sources
(feeder bluffs, for example) that previously reached the beach but is now trappeci behmé
the seawall structure, out of reach of the waves i

The second mechanism for sediment Jmpoundment isa" grom effect.” If shore protection
* structures extend out onto the beach profile where they can be impacted by waves and
currents, they can behave like groms Sediment moving alongshore can become trapped
updrift of the projecting armoring (Dean 1986; Tait and Griggs, 1991). - Impoundment
would not seem to be as permanent in this case as for material enclosed behind shore pro-
tection, and major storm action is likely to remobilize this updrift matenal into the long-
shore sediment stream :

The obvious impact of sediment impoundment is potential starvation of the adjacent beach.
This typically leads to increased erosion immediately in front of the seawall or other shore
protection structure involved, as no{ed above (Dean 1986, Everts 1985).

A secondary but equaHy important impact is potentlai starvatxon of beaches downdrift from
- shore protecuon structures.

Variables Controlling Impacts

Tait and Griggs’ (1991) literature review suggests three factors that are particularly impor-
tant to determining the overall impacts of sediment impoundment (see Table 4-1). The
overriding factor is the long-term trend in the position of the shoreline. If a segment of
regionaily eroding shoreline is fixed by shore protection, the beach will eventually disap-
pear in front of the shore protection. Sediment impoundment will only accelerate beach
retreat. If the shoreline is either stable or accreating, sediment impoundment behind shore
protection structures will only effect the beach during major storm events, or if major
(seasonal) fluctuations in the position of the shoreline expose the armoring to wave attack.



The second major factor is the landward/waterward. location of the shore protection. The
following quote from Tait and Griggs (1991) summarizes several relevant studies:

"The basic concept is that the more often and the more vigorously the waves
interact with the wall, the greater the potential magnitude of beach response.
This assessment has been echoed by numerous researchers. In their 20-year
study of the effect of coastal protection structures on an Australian coast,
McDonald and Patterson (1985) conclude that the impact of a seawall on the
beach is ‘largely dependent on its position on the profile.” Sato, Tanaka,
and Irie (1968) came to the same conclusion based on laboratory studies of
scour at a seawall in a prototype-scale wave basin.

Kraus (1988), after a thorough review of the literature, comments that the
position of a seawall with respect to the surf zone is ‘a critical parameter
controlling the amount of erosion and the beach recovery process.” He also
cautions that ‘this distance is variable because the boundaries of the surf
zone shift according to tide, surge, and period and height of the waves.” To
the extent that a wall projects into the surf zone, it may serve to constrict
.longshore currents as well as increase upcoast sand impoundment and the
accompanying downcoast scour. The position of a wall on the beach profile
may also affect water depth and wave heights in front of the wall, could
increase.

In their study which compared several seawalls, Griggs and Tait (1988)
comment that the wall which projected furthest seaward was the first to lose
the beach in front of it with the onset of winter waves, experienced the
greatest scour or deflation, and was the last to recover during the summer
months."

The third factor influencing the effect of sediment impoundment is the local sediment sup-
ply and beach width. In general, the more limited the sediment supply and the narrower
the beach, the greater impact sediment impoundment is likely to have on increasing local
and downdrift beach erosion. Conversely, where ample beach sediments exist and/or
longshore drift rates are large, the potential impacts of sediment impoundment are likely to
be reduced. ' :

Downdrift Impacts of Impoundment

Where there is a retreating shoreline material eroded from one location supplies the littoral
stream that maintains the beach width downdrift, even if that width is also decreasing in
time. Shore armoring placed so as to prevent shore material from entering the littoral
stream (i.e., impoundment) will cause the rate at which sediment arrives at a downdrift
location to diminish. The rate of sediment leaving that location, however, will be un-
changed and the deficit (i.e., starvation) will take the form of beach narrowing. This
process occurs whether the supply material is fed from a beach of low height or a high



bluff that episodically slumps onto the beach. In the extreme case, the beach downdrift
from shore armoring could recede to a bluff and lead to removal of material at the toe of
the bluff and eventual biuff instability.

At the updrift end of a drift sector the amount of sediment being carried in the littoral flow
is at a minimum. The flow is farthest from "capacity" at the updrift headland and the
tendency to erode the shore is usually greatest there. The rate of loss of material from the
shore to feed the littoral flow is proportional to the difference between the capacity and the
actual transport rate. The pattern of varying erosive tendency (assuming uniformly erod-
ible material) is expressed by an exponential relationship.’

The implication of this exponential relationship is illustrated in Figure 4-1. If a portion of
the updrift sediment scurce of a drift sector is impounded behind a bulkhead, the difference
between the "capacity" of longshore drift to transport sediment and the amount of sediment
actually available to be carried downdrift, will be at a maximum in front of the bulkhead.
Longshore drift will continue to remove material in front of the bulkhead the beach will be
lowered, and the shoreline will rapidly retreat.

As the difference between the actual and potential transport rates drops off exponentially
downdrift, successive locations, A and B, experience lesser degrees of sediment starvation.
The rate of beach erosion (still related to the updrift bulkhead) declines and the rate of
shoreline retreat diminishes, Addition of a second bulkhead, and impoundment of more
source material, incrementally increases both downdrift erosion and shoreline retreat as
shown in Figure 4-1. : |

Hard Shore Protection (Armoring)

Armoring Landward of OHWM. Shore protection and sediment impoundment located
totally landward of Ordinary High Water Mark (OHWM) would not be expected to impact
the adjacent beach during times of normal wave, tide, and current action—as noted above,
beach impacts result from interactions between shore armoring, waves, and sediments.
During major storms, however, especially if they coincided with high spring tides, waves
might reach such structures. Impoundment of substantial sediment sources that might be
"needed" for immediate beach nourishment under such storm conditions, could result in
rapid erosion both in front of the shore protection structures and at downdrift locations.

Armoring Waterward of OHWM. Shore armoring that projeéts onto the beach water-
ward of OHWM obstructs the longshore flow of sediment. The lower in the beach profile
the armoring is situated and the more seaward it projects, the greater the interruption of

1At any distance x, downdrift from the headland: Q, = Qg * (1-€™),
where k is the proportionality constant between the longshore gradient of erosion and the
difference between the actual and potential transport rates.
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longshore transport. Sediment removal on the downdrift side of the obstruction continues
at the rate it would have before the obstruction was emplaced. Whereas a balance was
previously maintained with the sediment carried into that location, there is now a deficit in
the flow of sand until the impoundment on the updrift side grows to the point where sand
is again flowing around the obstruction at a rate to balance the removal rate. During that
time the downdrift shoreline experiences accelerated shoreline retreat, first in the localized
area at the end of the armoring, but subsequently over a greater length of shore depending
on the amount of updrift mpoundment

The balance of the dynamic shore environment requires a sediment supply to replace that
removed by waves and longshore currents. Where armoring is installed along eroding bluffs -
thus impounding the former supply behind the structure—the supply is diminished for a
downcoast location. The result is that more sediment is removed than ‘supplied. The
volume of beach material in that location is therefore decreased and the beach is narrowed.
A location where this process is both active and quantitatively documented between Elwha
River and the tip of Ediz Hook (U.S. Corps of Engmeers 1971; Galster and Schwartz,
1990; see Section 5). Another excellent example is provided by Good’s (1992) study of
the cumulative impacts of shoreline armoring along the Siletz littoral cell on the central
Oregon coast (see Section 6). '

A field study at the southeastern end of Lake Michigan, reviewed by Kraus (1987), docu-
ments measured longshore currents at a 579-meter-long seawall, depth along the wall, and
erosion both at the wall and along neighboring beaches. Combining field evidence with
aerial photographic interpretations, Kraus conciuded that the volume of material eroded
from the unprotected portion of beach downdrift of the seawall was approximately equal to
that removed from the littoral system by impoundment behind the wall.

Retreat of the downdrift shoreline at West Point, Seattle, while the reveted sludge lagoon
was in place (see Section 5), extended over a distance of approximately 260 feet, or
30 percent of the reveted shoreline length. This provides further confirmation of the bal-
ance between impounded shoreline sediment sources and associated downdrift impacts.

Soft Shore Protection

Beach nourishment fills and stabilization with vegetation can have similar effects of nar-
rowing downdrift beaches as would a bulkhead, if placed at a site that usually feeds the
longshore drift system. Similar effects also result from interception of runoff that usuaily
saturates a bluff, or other forms of biuff stabilization. Any measure that leads to retention
of sediment that would otherwise supply the littoral zone changes the balance of supply and
removal, with the resuit of altering the rate of change of shoreline position downdrift. In
the case of shore protection using beach nourishment, however, impoundment losses of back-
beach sediments may be partially offset by the nourishment material itself entering the
active longshore drift stream. '
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Observations at Ediz Hook near Port Angeles are instructive with regard to soft as well as
hard shore protection measures. They show that beach nourishment can feed and protect
downdrift locations in both the upper part of the beach and the lower shore profile. After
hard structures were installed along the base of an eroding bluff, starvation and narrowing
of a downdrift spit occurred (Galster and Schwartz, 1990). The cutting off the sediment
supply from the bluff interrupted the longshore sediment balance. One component of the
selected method to control erosion on the spit was to add cobble size beach material at
locations along its length. Tracer material was placed with the beach nourishment. Moni-
toring the performance of the beach nourishment showed that the rates of movement in the
downdrift half of the spit varied from 0.6 to 7.6 m/day with an average of 2.5 m/day for
the first 2.5 years. Six locations had material added to them and were monitored for
downdrift redistribution of placed material. Material from all the sites migrated toward the
distal end of the spit at varying rates. Based on monitoring information, an estimated two-
thirds of the nourishment volume from the largest placement area moved into the nearshore
_area in about 6 years. There was considerable deposition along the central and distal por-
tions of the spit to a depth of nearly 5 meters. This is one of the few cases of performance
monitoring of a "soft solution” to shore protection in the vicinity of Puget Sound.

Conclusions

1. Impoundment of sediment, or sediment sources, that would otherwise be available
to feed adjacent and downdrift beaches is the most broadly acknowledged, least
controversial, and possibly most significant, impact of installing shore protection
structures,

2. Sediment impoundment landwérd of OHWM is unlikely to result in beach impacts
except under unusually high water and severe storm conditions. At such times the
"unavailability” of the impounded material could lead to rapid beach erosion.

3. Impoundment of sediment sources at progressively lower elevations across the beach
profile is likely to result in increasing "shortfalls” in longshore sediment transport
required to maintain an equilibrium beach profile. Erosion will increase, both
immediately in front of the shore protection, and at downdrift locations, and the
beach front will retreat.

4, Hard and soft shore protection approaches can both act to impound sediments and
sediment sources that might otherwise supply local longshore transport needs. Soft
solutions, if designed to incorporate "sacrificial” fill, could partly offset impounded
sediment losses.

5. Overall, this impact is well documented. Some limited quantitative data relating

source impoundment to downdrift beach erosion (Downing 1983, Galster and
Schwartz 1990, Good 1992) are also available.
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Can Modlﬁcatmn of the Groundwater Regxme
Impact Beach Erosion?

Instaliation of shoreline armoring, particularly if characterized by low permeability, can
- result in modification of local groundwater conditions landward of the armoring that may,
in turn, impact the adjacent beach. :

A beach directly seaward of shoreline armoring installed above OHWM might become
narrower if a higher water table forms behind the armoring than at unarmored locations.
The higher water table increases the pore water pressure in the beach material and
increases its mobility under wave action (Figure 4-2). This results in increased sediment
. transport and erosion. " ' ‘

This impact is most likely to be significant at sites with fine-grained sandy beaches, where
groundwater seepage will tend to "fluidize" the sand. Although the mechanism will still be
present at coarser-grained sand or gravel beaches, the greater stability of these sediments
will reduce the actual impact.

In Plant and Grigg’s (1992) Aptos Seascape, Monterey Bay, California, study, groundwater
elevations were measured at various locations on the shore profile both in front of a sea-
wall and at adjacent natural beach locations. Swash mechanics were closely observed.
During times of higher tides, the water table was higher in the beach backed by a seawall -
than in the natural beach. This is important to infiltration into the beach from the uprush-
ing wave and subsequent downrushing sheet flow, with the effect of permitting swash
actions to occur at a higher elevation on the seawalled beach than on the natural beach.
This could cause an adjustment to coarser sediment, a steeper profile with a more landward
-shoreline position, and a quicker change from summer to winter profiles.

To our knowledge, this potential impact has not been explored or documented during pre-
vious Puget Sound shoreline protection studies. Modification of groundwater regimes does
- play an important and well documented (Tubbs, 1975) role in the stability of banks and
bluffs that lie behind many Puget Sound beaches and provide their principal source of
sediments. Task 6 of this study, Coastal Blyff Management Alternatives for Puger Sound,
will explore these issues in more detail.

Fisheries staff note that a change in groundwater regime is itself a physical impact. This is
especially important for beaches that front marshes around Puget Sound (see Accretionary
Beaches Fact Sheet). Hydraulic and hydrologic continuity between the water dependent
marsh habitat and adjacent Sound waters must be maintained for the habitat to remain
viable. Clearly any shore protection proposed at such a location must take these potential
groundwater impacts into account (Ken Bates and Neil Rickard, personal communication,
May 1993}. »
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Conclusions

1.

If shoreline armoring raises the watertable behind a beach, increased pore pressure
in the beach material can accelerate erosional processes.

This 1mpact is most likely to effect fine-grained sandy beaches and thus mé‘y not be
common in Puget Sound.

 Fisheries staff have noted that this impact may be of special 1mportance where

beaches separate marsh/wetland habitats from the Sound.

No documented regional examples of such groundwater impacts have been 1dent1fied
during this review.
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Does Shore Protection Cause Narrowing of the Beach?
Hard Shore Protection (Armoring)

- Armoring Landward of OHWM. Shore impacts are caused by the interaction of shore-
line armoring with the waves and sediment. Weggel (1988) states that the location of a
structure relative the shoreline is an important parameter in defining the degree of inter-
action of the two. If the toe of the armoring structure is located landward of OHWM and
the water table is not elevated in front of the armor, the structure will in general not cause
narrowing of the fronting beach.

A vertical sheetpile seawall 662 feet in length was installed at Ocean Beach, San Francisco
in 1941 (Berrigan, 1985), causing no apparent loss of beach width. The structure, with a
top elevation of 7.2 feet above Mean Higher High Water (MHHW), is normally covered
with sand to the extent that most people are unaware of its presence. It was uncovered in
the severe storms that struck California in the 1982 to 1983 winter, but by October 1984 it
was nearly covered again. Obviously, this vertical wall is not responsible for beach
narrowing.

A quarrystone revetment was installed at Seadrift, northwest of San Francisco under emer-
gency conditions in 1983 to prevent damage to beach homes after storm erosion removed
the beach and frontal dunes. Since that winter the beach has returned. Wind-blown sand
and dune grass now cover much of the revetment (Wiegel, 1992). This is another example
of positive coexistence of armoring and the beach.

Plant and Griggs (1992) documented beach profiles at Aptos Seascape, a location in north-
ern Monterey Bay, California, and reached the following conclusions about the profile in
front of shoreline armoring: (1) the bermed profile that develops during summer when
wave steepness is low is similar to the profile for the adjacent natural beach, (2) at the start
of the storm season, as wave energy intensifies, the beach in front of the armoring trans-
forms to the winter profile sooner than at adjacent unarmored locations, but (3) once the
beach has adjusted to more erosive winter waves, the profiles of the armored beach are
indistinguishable from those of the adjacent natural beach. Upon return of low-steepness
summer wave condition, profiles of both the armored and unarmored reaches respond
similarly.

It should be noted that the three examples cited above, Ocean Beach, Seadrift, and Aptos,
are all locations with generally finer sandier sediments and higher wave energy regimes,
than is typical of many Puget Sound locations.

It has been generally assumed that breakpoint bars that form low in the beach profile dur-
ing storms are built with material from the upper beach profile, and that removing that
material from the littoral system by shoreline armoring induces adjacent erosion to compen-
sate for the volume loss. Preliminary results of monitoring revetments and seawails in
Oregon (Kraus and McDougal, 1992, p. 85) do not indicate that the beach is narrowed at
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unprotected properties adjacent to shore armoring (i.e., no flanking effects), although no
information was given regarding location of the structures in the profile.

The assumption that armoring induces adjacent erosion, is further questioned by model test
results of Toue and Wang (1990). In their model, the scawall toe was set at the mean
water level and both normal and oblique incident waves were tested. For normally incident
waves no flanking effects could be detected. The beach eroded nearly identically both with
and without the seawall. Under oblique wave conditions the seawall acted as a groin and
caused erosion downdrift of the structure, but that effect was confined to a region spanning
three to four times the length of the seawall. It is obvious from the debate that in some
cases shore retreat occurs in front of armoring and in other cases there is none. Other
factors besides the presence of the seawall must influence beach response.

Armoring Waterward of OHWM. Observations of net removal of the beach fronting
shore armoring, both in laboratory experiments and after hurricanes on the Guif coast
(Walton and Sensabaugh, 1978; McDougal, Sturtevant, and Komar, 1987), are in marked
contrast with the previous examples of minimum impact of armoring placed high up the
shore. The opinion appears often in the literature that wave agitation increases in front of
a seawall. Armoring that extends waterward of OHWL will interact with waves when the
toe of the armoring is below water. The common explanation for increased scour in front
of a wall is as follows: Waves reflected by the structure back into the surf zone combine
with the incoming waves and produce increased water oscillations at the bed (Tait and
Griggs, 1991). Smooth vertical bulkheads and seawalls reflect nearly all the incoming
wave energy. Sloped rubble revetments dissipate much of the energy of an uprushing
wave, but also reflect some energy. - This reflected energy mobilizes the sediment more
than under conditions of no reflection, and makes the sediment available for transport out
of the area by currents. The more reflective the armoring surface, the greater this effect
and the greater the loss of material from in front of the armored section. The result is
narrowing of the beach in this location (see Fact Sheet, Geomorphologists versus Engi-
neers, Differing Perspectives). ‘ ‘

At the toe of reflective faces, the structure and beach material are exposed to larger hy-
draulic forces. When the beach disappears, shore armoring with a shallow foundation is at
structural risk. Toe scour is a common cause of failure for seawalls (USACOE 1981;
Silvester and Hsu, 1993, p. 282).

A quasi three-dimensional experimental and theoretical study reviewed by Kraus (1987),
. predicted that maximum erosion would occur in the vici_nity of the toe of the seawall, and
maximum net erosion would occur when the seawall is located about three-fifths of the
distance from the wave breakpoint to the still-water line. These findings are in agreement
with some experimental flume results. However, in Supertank experiments conducted at
Oregon State University, two-dimensional tests of beach sections with and without a sea-
wall indicated that the presence-of the seawall had no noticeable effect on the overall pro-
file shape (Kraus, personal communication, June 10, 1992; Pollock, 1993).

4-18



FACT SHEET

" | Forces, not walls, move sediment. Those forces are
present in the coastal environment with or without
shoreline armoring. Armoring affects the beach and
nearshore zone to the extent that the armoring surface
interacts with wave and current forces or that the struc-
ture affects stability of beach material.

Thieler, Young, and Pilkey (1992) support their conclu-
sion that shoreline armoring causes narrowing of
beaches by correlating historical measurements of dry
beach widths with the presence or absence of armoring,.
Others (Dean, 1988; Basco, 1992; Kraus, 1987) have
countered that shore erosion was likely occurring at
these sites before armoring, thus the perceived need for
armoring the shore. -

It is important to understand the philosophical refer-
ence frame of the authors to understand the appro-
priateness of applying their conclusions to Puget
Sound. The "geomorphologist camp," which Pilkey’s
views represent, attaches little significance to the fact
that the beach profile might be migrating landward--as
in the case of barrier islands—-through removal of
material on the seaward side and deposition on the lee
side. As long as.the dry beach width is maintained,
the recreational value is preserved. Loss of resources
or investment in the path of the translating beach pro-
file is of little relative consequence. When a fixed
structure is emplaced on the beach, a reference point is
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Figure 1. Geomorphologist Camp.
Shoreline is moving but dry beach width stays
the same. : ,

Geomorphologists Versus Engineers
Different Perspectives

then established from which distance to the water line
can be measured. From this Legrangian point of view,
the narrowing of the beach in front of the structure is
due to the presence of the structure. Whether hydro-
dynamic processes are altered by the structure or not,
narrowing would not occur were it not for the presence
of the structure. This is illustrated in Figure 1.

The "engineer camp,” whose views are reflected by
Basco (1992), for example, often equates "narrowing of
the beach” or "loss of the beach" with "erosion”-
overlooking the aspect of the shore that is the dry beach
width~while focusing on sediment budgets, changes in
reflectivity, and alteration of momentum fluxes in
specifying details of hydrodynamic effects of armoring.

The geomorphologist view is valuable for planning an
investment at the shore. One should be aware of
shoreline change rates for the site, the locale, and the
region to analyze environmental and economic out-

.comes fully. However, valid engineering decisions can

be made to armor the shore. A correct basis for those
decisions is a quantification of the physical processes
that lead to shoreline change. The "anything-that’s-not-
natural-is-not-good” argument of some geomorph-
ologists is inconsistent with the historical and
philosophical basis that drives humans to improve their
living conditions.
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Figure 2. Engineer Camp.
Shorefine is moving - what caused the dry
beach to narrow?
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There is some local evidence from Puget Sound that there may also be a lower boundary to
interactive effects between shore structures and the associatéd beach profile. A rock revet-
ment built at West Point with its toe at Mean Lower Low Water (MLLW) created no modi-
fication to the existing bottom profile over a 20-year period (Domenowske, 1987).
Potentially, shore protection caused modifications to beach profiles may be limited to a
zone between MLLW and OHWL,; this, of course, includes virtually all shore protectlon
around Puget Sound.

End Wall Effects. When located waterward of OHWM, end walls or return sections of
shore armoring structures (i.e., walls that anchor the armoring structure to the upland)
present reflective surfaces to waves. If the return section is oriented perpendicular or
nea.rly so to the beach, reflected waves are directed to the adjacent beach and reinforce
incoming waves. The resuitmg increased transporting forces remove beach material adja-
cent to the ends of shore armoring (Figure 4-3). - The further an end wall extends water~
ward of OHWM, the greater will be its impact. on local beach erosion.

Abrupt corners and ends of armoring exposed to waves also form defracting pomts, causmg
wave crests to radiate outward from the point. Crests that strike the adjacent beach can
- cause localized shore erosion similar to that from reflected waves (Figure 4-3).

Erosion caused by reflection of oblique waves from the hardened surfaces of the return
wall onto the beach, or by waves diffracted at the corner of the armoring, is a function of
only the height and direction of waves arriving at the eroding beach. Diffracted and re-
flected waves impinging on the shore are functions of incident wave height, angle and
structure characteristics.

Observations from a scaled model study (McDougal, 1987) suggest that the alongshore
extent of the eroded shoreline adjacent to an armoring structure continues downdrift for
approximately 70 percent of the armoring length. Griggs and Tait (1992 p. 30) observed at
one field location (Aptos Seascape, Monterey, California) that the length of eroded shore-
line was about 50 percent of the adjacent structure’s length. Data from Seattle’s West
Point sewage lagoon revetment (Section 5) suggest shoreline erosion extending approxi-
mately 30 percent of the revetment length. While a generalized relationship is often sought
between some armoring structure dimension and the extent of beach effects, it is question-
able to link seawall length with the length of shoreline erosion, because of the added com-
plexities of the end-wall effects noted above.

It is evident from the literature (Srnith and Chapman, 1982; Tait and Griggs, 1991) that a
beach profile containing a seawall responds differently to moderate waves than to intense
storm waves. Those who see no universal danger of seawalls usually refer to observations
of processes under moderate wave conditions, while opponents of seawalls point to beach
changes on a retreating coast or after unusually Jarge storms in which material has been
lost from the shore. Dean (1988) reports laboratory tests show that the additional scour
volume near the base of a seawall is about 60 percent of the upland volume that would
‘have been eroded if the seawall were not present. These tests were to simulate the
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adjustment made in a beach during a storm when there is a "demand” for sand from the
dry beach to be transported offshore to build a storm bar. This is a cross-shore dominated
adjustment. This study revealed how retaining sand (behind a seawall) on the dry beach
affects the profile, and was not a study of structure end effects.

Dean (1986) proposed that the beach profile seaward of an armored segment does not
depend on the presence of the armoring but on the amount of sand available to form the
profile. Large incident waves at a shore require a surf zone having dimensions suitable to
dissipate the incident wave energy. If adequate beach material is available, the profile will
attempt to form the dimensions that provide for a uniform rate of energy dissipation across
the surf zone during a storm event. If beach material is inaccessible because it is im-
pounded or "locked up" behind shore protection structures, storm waves will attempt to
"borrow" the necessary beach material from another unprotected location. The amount of
material borrowed from the unprotected beach depends on the wave height (the "demand”)
that alters the profile, but also on the amount of material kept from availability (im-
pounded). After the storm event, in a climate of constructive waves, if the redistributed
material is still in the shoreline reach, the beach profile will again be remolded to provide
for the required energy dissipation rate. If the material is inaccessible, however, because
it mlght have been transported alongshore or offshore down a steep slope, the profile will
remain altered permanently.

Shore retreat immediately adjacent to a seawall is another form of beach narrowing. Ero-
sion that begins to occur in the unprotected gap between two adjacent shore protection
installations convinces the owner of the eroding property that they too should place a struc-
ture at the shoreline. Erosion in the gap, however, will progress to only a certain
extent—and then stop—without engineering intervention (Figure 4-4). Studies by Hsu, et
al. (1989 and Silvester and Hsu, 1993, p. 229)) of the geometric form of numerous head-
lands and bays are pertinent to the response to discontinuous shore armoring. Their studies
indicate that shoreline retreat within the gap (given uniform readily erodable sedimentary
_matenal) will not exceed 30 percent of the gap distance between adjacent sections of
armoring, for most reasonable angles of wave approach.

Fulton-Bennett and Griggs (1986) state that no systematic observations have been made to
provide a generalized answer to the question of whether or not the presence of a seawall
resuits in increased erosion of adjacent areas. Factors influencing the answer certainly
include how far seaward the wall extends, the type of coastal environment, and the type of
wall involved. They confirm that as the amount of continuously armored coastline in-
creases, outflanking becomes a problem in the unprotected gaps. Two concrete walls they
studied were on shores backed by dunes and no accelerated wave-caused erosion was 0b-
served along the flanks of the walls. Riprap at another site settled much more around gaps
in the continuous riprap revetment than elsewhere, during 1983 California coast storms. It
could not be verified that the settlement was caused by outflanking, or by some other
factor.
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Soft Shore Protection

Beach nourishment and other shoreline forms that can dramatically adjust to changing wave
conditions have similar effects of retaining upland material that might otherwise be contrib-
uted to the littoral stream. These methods of shore protection do not present reflecting
surfaces or diffracting points to the waves. One effect of placing beach nourishment is to
widen the beach locally. If extremely coarse material (shingle, cobbles) is placed, the
steep, high-tide beach morphology which forms only above the MLLW elevation might be
mimicked (Keuler, 1979, p 13).

Beach material added in an area experiencing shore}me retreat acts as an additional
"supply" for a littoral system that is not transporting material at capacity for the prevailing
energy level in the littoral zone. Periodic maintenance of the beach—i.e., fill
renourishment—will be necessary until either, an adequate supply rate is provided by an
updrift source or, the energy level is lowered at the nourishment site. The latter is accom-
plished by creating a flatter, shallower beach profile. The visible beach often narrows after
beach nourishment has occurred. Some people interpret this as loss of beach material and
loss of the beach itself—and therefore a loss of the investment in nourishment. In fact,
however, if the beach is in equilibrium, the added material fills the profile below the water
level, where it functions as an energy absorber to some extent and protects the upper
profile. ‘ '

Compliant shorelines typically occur as small pocket beaches between “hardened" head-
lands and will self-adjust both along shore and cross-shore, sustaining a dynamic equili-
brium. At any point in time and space, the shoreline position, profile, and orientation may
differ, but the time and space-averaged shoreline remains constant.

Shoreline vegetation can act as a sediment trap and cause accretion of the backshore and
might resist erosion in moderate storms. It is nevertheless vulnerable to attack in extreme
storms. On an eroding beach, if non-storm intervals of sufficient duration exist between
the erosional events, vegetation might be developed enough to halt shore retreat in the
moderate events. If the newly vegetated area was previously contributing sediment to the
littoral stream, the stabilized area will diminish the rate of introduction of upland and/or
littoral material to the drift cell. This may lead to downdrift impacts from sediment
starvation.

Conclusions

1. 1t is widely stated that hard shore protection—seawalls, bulkheads, and revetments—
reflects wave energy back into the breaker zone, increasing water oscillation and
turbulence in front of the armoring, and particularly at the toe of the armoring

" (Kraus, 1987). This reflected energy mobilizes both finer suspended and coarser
bedioad sediments, making them available for transport out of the area. One result
is narrowing of the beach in front of armored shorelines.
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10.

11.

It is important to distinguish beach narrowing due to regional shoreline erosion and
retreat from narrowing due to hydraulic impacts from shore armoring.

Armoring located landward of OHWM has no impact on the beach until unusually
high water levels or storm conditions allow waves to reach the armoring. Rapid
beach erosion can then occur. '

Armoring located waterward of OHWM will cause increasing impacts as armoring,
waves, and sediments interact more frequently at successively lower elevations’
across the beach. Kraus (1987) predicts maximum net erosion when the seawall is
located about three-fifths of the distance from wave breakpoint to the still-water
line.

End wall effects—in which shore protection juts onto the beach waterward of
OHWM, and behaves like a groin—can cause significant additional beach erosion.

Increasingly reflective armoring (e.g., smooth seawails) will have a greater impact
and result in more pronounced beach narrowing, than less reflective shore protec-
tion (e.g., sloped rock revetments or gravel beach nourishment).

A quantitative relationship between length of shoreline armoring and length of
downdrift erosion (i.e., later equals 70 percent of former) has been postulated, but
has not been widely tested nor generally accepted.

Another quantitative relationship suggests that the volume of sediment scoured in
front of a seawall equals 60 percent of the "upland” volume that would have been
eroded in the absence of the seawall. This too remains to be adequately tested.

Soft solutions, particularly beach nourishment, can minimize the potential for beach
narrowing. This is because such approaches do.not present reflecting surfaces or
diffraction points to the waves, and because the nourishment material itself can

increase sediment supply to the littoral transport system.

Beach narrowing in front of shoreline armoring, and related end wall effects, are

_the most widely accepted, best documented hydraulic impacts caused by armoring.

To date, however, most studies have examined the responses of sand beaches to
shoreline armoring during severe storms, rather than more "normal" wave
conditions. -

Beach narrowing in front of armoring is common in Puget Sound. Generally

coarser beach sediments and lower wave energy may minimize impacts, but severe
winter storms, such as seen in 1990-1991, can cause serious episodic impacts.
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Does Shore Protection Cause Lowering of the Beach Profile? |
" Hard Shore Protection (Armoring)

- . Observations in the field, as reviewed by Tait and Griggs (1991), indicate that scouring a
trough locally in front of a seawall high in the beach profile occurs in response to large
storm waves and the beach sometimes recovers. Recovery might take a year or more and
meanwhile the integrity of the seawall is at greater risk. Profile deflation is a slightly
different process and results in a general lowering of the beach profile in front of a wall.
Monitoring by Griggs and Tait (1988) at Monterey Bay showed that with the onset of
erosive winter conditions, but before the waves had reached the seawalls, the beach was
initially cut back uniformly alongshore. Profile lowering began when waves reached the
wall. The wide summer berm in front of the wall was eroded sooner in front of the sea-
walls “due to scour from reflected waves." The contours of the beach face migrated land-
ward in front of the wall, while the berm profile persisted seaward of the posmon of the
wall on the adJacent natural beach

* If armoring is placed on a retreating shoreline, even initially landward of OHWM, the
beach profile wiil eventually lower to the point where waves will reach the armoring,
unless beach material is artificially added to the profile. If the toe is not buried deeply
enough, the structure will be undermined. If the armoring is not undermined, the
previously described reflection and scouring conditions will develop. This is one case
when armoring placed high in the profile does not remain there because the profile trans-
lates shoreward. The sand level becomes lower at a fixed location. Translation of the
shoreline initially is caused without influence of the armoﬁng, but rather by increased
erosion in-a sediment starved system. Without the armoring, the profile would lower to
the level for waves to erode the upland backing the beach and liberate new shore material.
Instead, the armoring has fixed the shoreward boundary and has become the fixed point for
referencing shoreline movement

As was discussed in relation to beach narrowing, a shoreline that is regionally retreating is
starved of beach material. There is insufficient material to maintain the equilibrium pro-
- file, it translates shoreward, and depth increases at a fixed location. If there is an adequate
amount of material available to fill the profile, general profile lowering would not result
from the presence of the armoring. Few locations in Puget Sound have an abundance of
beach material. It is usually at the location where individual bulkheads are constructed that
the effects of sediment starvation are manifested. Localized scounng 1mmed1ate1y in front
of the armoring should be expected.

An observation of field _conditions at one East Coast location has relevance to Puget Sound.
FitzGerald (1980) describes beach changes in response to an intense February 1978 storm.
A beach backed by a seawall showed a general profile trend of accretion where gravel was
predominant and erosion where sand was predominant. The most severely damaged
beaches were those exposed to direct wave attack, had relatively little or no hlgh tide
beach, and had a relatively steep offshore gradient. This points up the difference in the
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behavior of sandy beaches and gravelly beaches under similar wave conditions, and quali-
fies conclusions drawn from studies of sandy beaches. The gravel content in high tide
~ beaches of Puget Sound is important to maintaining the beach width and protecting the
bluffs.

Kraus (1987) reviewed a field study of interactions of seawalls and beaches at Seabrook
Island, South Carolina, before and after the 1979 Hurricane David. Although the hurricane
was judged to be marginal upon landfall, moderate erosion (10-15 cubic meters per meter
of beach length) was experienced by central beaches backed with structures. The beach -
adjacent to a concrete seawall was lowered 0.64 m. All profiles exhibited recovery over
the 5-week monitoring period, although the recovery of the profile at the wall was slower
than average.

Kraus, Gravens, and Mark (1986) analyzed survey data from a 12-mile stretch of north
New Jersey coast that is protected by a rubble seawall. The profile shape has remained
stable over the past three decades. Individual profiles dated 1953 and 1985 were compared
with the equilibrium profile shape described by Dean (1977). (The equilibrium profile is
computed with a factor for sediment fall velocity and a power law relationship based on
distance offshore.) The comparison suggests that the profile along a seawall-backed beach
tends to be.in equilibrium with the coarser grain sizes comprising the beach sediment.
This implies that a lower proﬁle develops in front of shore armoring after installation than
was present prior to armonng It might also mean that the beach retains only the coarser
fraction in front of the armoring, which is consistent with the notion of greater competence
of combined incident and reflected waves to move sediment particles and the winnowing of
sand from the beach material fronting the armoring.

Posey and Dick (1987) conclude from a study of 50 years of monitoring data at Tybee
Island, Georgia, that "seawalls or bulkheads will cause lowering of the beach profile due to
reflected wave energy providing little, if any, energy absorption or dissipation.” There
was no documentation presented on which to base the conclusion, however this belief is
commonly expressed in the literature.

Because material tends to be coarser in Puget Sound than other study areas, detailed wave
measurements and profile surveys should be accomplished during storm events in the vicin-
ity of shore armoring. Whether wave forces exerted on the substrate are amplified in front
of a bulkhead to the point of moving the coarser material from this part of the profile needs
to be determined. The lowering of beach levels (up to 3 feet or more) observed in front of
some armoring (Shipman and Canning, 1993) reflects decades of landward translation of a
sloping beach profile, rather than the impact of any single storm event. Localized deepen-
ing by shifting the profile is also described by Dean (1991).

Soft Shore Protection

Soft shore protection solutions do not cause local deepening of the beach profile. Their
function is generally to fill the profile with placed material. Widening a sloping beach also
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increases the elevation of the beach. That has important benefits for protection against
wave runup. - Mossa and Nakashima (1989) reported results of monitoring seawalled and
nearby natural beaches at Bayou Lafourche, Louisiana, over a period of 3 years that in-
cluded impacts of Hurricane Gilbert. The seawall was fronted by beach nourishment.

One conclusion was that the one powerful hurricane was responsible for 70 percent of the
- volumetric loss of the beach, measured after a 3-month recovery interval. Thirty percent
of the loss could be attributed to long-term shoreline retreat factors. This reinforces the
notion of episodic erosion events. A second conclusion was that, "beach nourishment was
an important component of project performance and should be repeated every three years
as planned in order to protect the seawall." The recommendation is that soft solutions
should be used in combination with hard solutions on shores expenencmg long-term re-
treat, so that any profile Iowenng that might be caused by the structure is ameliorated by
the aruﬁcnal beach filI S

Co_ncluswz_zs

1. A shoreline that is regionally retreating is starved of beach material.- Since there is
inadequate sediment to maintain an equilibrium profile, the entire beach profile
- moves shoreward and depth increases at a fixed location.

2. Only armoring that continually interacts with waves and sediment can cause perma-
nent profile lowering. In areas of coarse beach material (not capable of maintaining
an elevated water table) armoring must be positioned waterward of OHWM to
influence the beach in that way.

3. Due to both sediment impoundment and hydraulic impacts from wave refiection,
beaches in front of shoreline armoring waterward of OHWM are likely to become
both narrower and lower. :

4. As with narrowing impacts, studies of beach lowering mostly come from sand
beach/storm wave mteractxons Few quanutanve data are available.

5. Beach lowermg and scour at the toe of shoreline armoring are commonly observed

in Puget Sound, but only very limited systematic, quanntau\re survey data describ-
_ mg such features are avmlable (see Secnon 5).
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Does Shore Protection Cause Coarsening of the Substrate?

Hard Shore Protection (Armoring)

As stated above, armoring that interacts with waves and sediment can increase the rate of
energy dissipation and turbulence at the toe of the armoring. As beach material is mobi-
lized in the turbulence and currents resuiting from wave impact, the smaller more easily
transported particles, will be preferentially transported leaving the coarser material in the
upper layer. ~ ‘

Transport relationships show that, above the fine sand size class, the stronger the current
the larger is the particle that can be carried in the flow. Pilkey and Neal (1988) assert that
shore-parallel structures (bulkheads) tend to increase offshore-directed velocities by wave
reflection during storms and increase the intensity of longshore currents. No measurements
are presented nor other studies referenced. The assertion, although appearing logical on
the surface, is in contrast to findings of Jones (1975). He derived analytical expressions
indicating that the amount of scour and the speed of longshore currents are reduced in
proportion to the refiection coefficient. If a portion of the incident wave flux is reflected
offshore, rather than being transferred to the bottom to drive the current, then a physically
reasonable argument can be made against coarsening of the substrate in front of shore
armoring. Photographic and sediment sampling data are needed to conclusively state the
effect of shore structures on substrate size distributions.

A longshore current, by itself, flowing near the toe of shore armoring is not expected to
sort or transport larger particles of the size found on most Puget Sound beaches. - Wave
forces and turbulence generated during wave breaking would move beach material, through
a combination of both (finer) suspended load and (coarser) bedload transport. Once sus-
pended in the water column, even if for a very short time, the smaller particles would be
translated (winnowed) with the mean current. Where wave breaking is induced by shore
armoring, or when structures are located so as to be struck by breaking waves, the sub-
strate could thus be modified to coarser sizes.

There is appareht evidence at Sunnyside Beach, Steilacoom, of coarsening of the beach in
front of a bulkhead structure (Figure 6-9). Coarse cobbles are found in front of the bulk-
head, but not on the flanking beaches.

Field observations by Puget Sound Fisheries staff suggest "during storm" impacts related to
sediment sorting and coarsening. Increased water turbulence close to shoreline armoring
may result in winnowing and settlement of sand and pea gravel that "mimics" ideal
spawning habitat for some fish species (Ken Bates and Neil Rickard, Fisheries, personal
communication, May 1993). Without the armoring and added turbulence, the pea gravel
would provide a stable habitat for egg laying and larval fish development. With armoring, .
however, subsequent storm waves will resuspend and re-sort the pea gravels, destroying
any fish eggs present. No quantitative measurements or independent verification of these
general observations are available to date.
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Soft Shore Protection

Beach nourishment can cause coarsening of the substrate directly by the placement of mate-
rial that is coarser than that of the native beach. In some instances the deliberate intent is
to place material that is not compatible with the native, because the later would not offer
the protection needed. Such was the intent of constructing a gravel-cobble beach on a
rapidly refreating shore of Flathead Lake, Montana, to stabilize the shore for protection of
upland habitat (Da Costa, Scott, and Simpson, 1992). :

Beach nourishment containing a mixture including fine grain sizes that is placed on an
energetic shore will be reworked and sorted according to particle size. If the littoral flow
has the capacity to carry all the fine material exposed to it at the nourishment site, it will
be selectively removed. On gently sloping beaches, the finer material is removed to the
offshore to form a bar (Bird, 1991) and contribute to the longshore txansport system at
depth. . _

Conclusions

1. - Armoring that interacts with waves and sediments increases water turbulence. The
resulting increase in sediment suspension and transport will preferentially remove
finer material, leaving coarser sediments (e.g., gravels, cobbles) on the beach
surface, :

2. "Puring storm" impacts may produce substrates in front of armoring that "mimic"
fish spawning gravels. Resuspension of the pea gravels by storm waves and in-
creased tuijulence ‘may subsequently destroy any fish eggs present.

3. Soft solutions may intentionally coarsen beach sediments in order to increase their
stability under given wave conditions.

4. While some general observations are available (see Section 5), no systematic,

quantitative data from Puget Sound describing these impacts have been located to
date.

4-30




.Does Shore Protection Cause Loss of
Large Organic Debris at the Shore?

Hard Shore Protection (Armoring)

Large organic debris (LOD) can take the form of beached logs that have floated to a site,
as well as living or dead vegetation that falls on the back beach throughout the year, or
from slope failure or a more gradual contribution through soil creep. Historically, the
most significant role of LOD—especially the massive accumulations of drift logs and
stumps at river mouths, backshores, and bluff toes (see Fact Sheet) —was the protection of
these locations from excess wave and current action, and thus the slowing of local erosion.

Large organic debris also forms both a microhabitat and food source that is a very impor-
tant in the overall shoreline food web. LOD can be prevented from accumulating at a site
if the beach is either too steep, or the profile is too low for LOD to become beached. To
the extent that profile steepening and lowering can be attributed to shore armoring (and it
- will be situation specific) armoring can cause loss of LOD.

Again, Sunnyside Beach offers an interesting example in that drift logs have accumulated at
both the northern and southern ends of the beach but not immediately in front of the bulk-
head (see Section 5).

There is reportedly much less log debris on the shores of Puget Sound now than there was
30 years ago, however, the effects other practices far outweigh those of shore armoring in
this decrease. A spokesman for Bainbridge Marine Services stated that years ago a row of
logs 20 feet wide could be seen all along the beaches of Hood Canal, but logs are scarce
today (see Fact Sheet). Reasons for the decline certamly include the fact that stumps are
no longer pushed over the bank and log rafting is not practiced as much as decades ago
(Bainbridge Marine Services, 1992). The sources of much LOD have been removed due to
development of uplands, river impoundments, riverbank armoring and logging (Neil
Rickard, Fisheries, personal communication, May 1993).

| Soft Shore Protection

Soft shore protection solutions, by their nature, provide a beach -at least temporarily.
Where the profile has been remolded by wave action, a slope is produced conducive to
beaching of floating debris. An exception is if the beach fill is of such coarse material and
the waves so energetic that a very steep slope naturally develops. When soft solutions
buffer a bluff or upland vegetation from the destabilizing forces of the waves, introduction
of organic debris from those sources into the shore zone may be slowed down or cut off by
the placed material. Soft solutions therefore invite greater waterborne LOD accumulation
but inhibit land originating debn_s
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Conclusions

1.

Large organic debris can be prevented from accumulating at a site if the beach is
either too steep, or the profile is too low for LOD to become beached. To the
extent that profile steepening and lowering can be attributed to shore armoring, and
it will be situation—speciﬁc, armoring can cause loss of LOD.

Since soft solutions, by €he1r nature, provide a beach, they are more likely to in-
crease, rather than diminish, the beachmg of LOD.

While some genefai observations are available (see Section 3), nd systematic, quan-
titative data from Puget Sound describing these impacts have been located to date.
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U.S. Government reports and early visitors’ journals of
the Pacific Northwest documented great amounts of
large wood in the estuaries and on the beaches at river
mouths. These mid-1980 accounts describe the quanti~
ties and size of the drift trees, also called "snags,” that
significantly exceeded present amounts of woody de-
bris in the lower portions of river systems and beaches.

Coast survey reports in the 1850s recorded that many
of the drift trees in the lower Columbia River were as
large as 150 feet long by 13 to 18 feet in circumference;
the largest was 267 feet long (Secretary of the Treasury,
1859). Swan (1971) also reported drift trees as large as
250 feet long by 8 feet at the base, with a root span of
some 20 feet, on the beach near the mouth of the
Quillayute River in Washington Territory.

For several years after the coastal areas were settled in
the 1850s and 1860s, roads were limited and land travel
was impractical, especially in the winter. The coastal
rivers were under the influence of tides for 12 to
40 miles from their mouths and had a low-gradient,
deep channel along which commercial boats and log
rafts could travel. Slowing currents and stormwind
patterns, however, created zones of wood deposition in
the estuaries. Many snags and sunken driftwood pre-
sented major obstacles for river trafficc. The Corps’
responsibility on many rivers during the late 1800s was
to improve and maintain the navigability of the por-
tions of the rivers deemed to be economically
important.

The wood-removal operations by the Corps represented
jonly a portion of the total wood pulled from the Jower
river systems. Gill-net fishers formed teams to remove
wood that threatened to tear fishing nets. Local land-
owners and, later, port authorities also worked to
maintain channel navigability.

Driftwood deposited in marshy areas between the main
channel and the shoreline in the lower Nehalem estu-
ary is estimated to have 50 percent fewer pieces and
60 percent less volume than in 1939, Stranded wood in
the wmarsh in 1939 probably incduded many escaped
lumber company logs that had been floated downriver
or held in booms.

Watersheds annually replenished wood in the lower
portions of the river basin and often floated wood into
the ocean, from which it washed up onto the beaches.
The lower river and estuary banks (riparian corridor)
probably were the most common sources of the largest
driftwood in the bays. In the 1860s the banks of the

FACT SHEET

Wood in Northwest Estuaries and on Coastal Beaches

upper half of the Coquille estuary were lined with
mature hardwoods that made travel on the Coquille like
walking "dim aisles in ancient cathedrals” (Dodge, 1898).
In the Tillamook River system in 1904, the US. Army
Corps of Engineers cut down all overhanging trees
along the banks of the estuary in an attempt to alleviate
the woody debris problem (report of the Secretary of
War, 1904-05. :

The woody vegetation along many river corridors was
cut in the 18005 to clear land and for a local source of
wood. Upstream, the riverside forests were among the
first to be commercially harvested because the logs
could be floated down the river to the ports at a time
when no other transportation was available (Sedell and
Duval, 1985). Major sources of large wood for estuaries
and beaches along the Northwest coast were exhausted
by 1920.

The ocean is another source of driftwood in estuaries
and on beaches. Winter storms blow ocean-transported
wood into river mouths and onto coastal beaches, gener-
ally north of the debris’ origin. Some of the woody
debris may be buried for Jong periods by river-bottom
sediments in the estuaries or in sandy spits on the coast,
but much of the wood probably remains fairly mobile.
Other driftwood is deposited on the marshes and along
the higher ground of the estuary boundaries where it
remains until it decomposes.

Fallen trees influence the estuarine portion of the eco-
system, mainly through their physical properties as
large masses; they form heavy, solid objects and firm
substrates in an environment where the bottom consists
mainly of fine sediment. Fallen trees in the tidal river
segment of coastal stream systems create riffles and
provide shelter from predators for ipper reach fishes.
Examples of common fishes in this section of Pacific
Northwest estuaries are stickelback, sturgeon, starry
flounder, and juvenile and adult salmonids. Fallen trees
can also affect local waterflow patterns by creating
turbulence and thereby affecting the sedimentation
pattern and the formation of bars or mudbanks. Emer-
gent parts of fallen trees stranded in the channel or
partly or wholly on tidally exposed banks are used by
water birds as refuge perches during daily rest cycles or
by predatory birds, such as herons and eagles, as
hunting perches.

~Chris Maser, Robert Tarrant,
James Trappe, and Jerry Franklin (1988)
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Impact by Shore Protection Method

The previous impact assessments describe several significant changes to the shoreline that
are likely to result from hydraulic responses to shoreline armoring. Relatively little has
been said, however, about the degree to which these impacts change when different meth-
ods of shore protection are considered —beach nourishment versus riprap versus bulkheads,
for example. '

While there is an extensive "engineering literature" on the structural design (i.e., storm-
worthiness) and effectiveness of different shore protection methods—the physical and eco- .
~ logical impacts of shore protection to coastal zone processes and habitats are rarely
addressed (Tait and Griggs 1991; Nordstrom 1992). To our knowledge, no systematic,
quantitative studies relating different shore protection methods to specific levels of beach or
shoreline impact have been conducted. Studies such as Tait and Griggs (1991) and Smith
and Chapman (1982, on boulder revetment walls) represent an important beginning.

Despite very scarce quantitative data, the literature suggests broad general agreement that
differing impacts among shore protection methods largely result from differences in the
degree or efficiency with which they either absorb and dissipate incoming wave energy, or
reflect it back out into the nearshore zone. At one extreme, a long stretch of undisturbed
sand beach—its slope in natural equilibrium with local wave conditions—dissipates incom-
ing wave energy highly efficiently. Little or no energy is reflected back offshore, and -
beach impacts would be minimal. At the other extreme, a smooth-faced, recurved, con-
crete seawall, extending into intertidal depths, can reflect almost all of the energy from
incoming waves back out into the nearshore zone resulting in substantial hydraulic impacts.

Tait and Griggs (1991) cite several studies that support this general relationship, quote:

"Walton and Sensabaugh (1979; studying seawalls on the Florida Coast). . .
point out that reducing the reflection coefficient of the wall (e.g., by sloping
‘the surface or by placing a rip-rap apron at the toe) should reduce scour.
Everts (1985) postulates energy concentration at the toe of a seawall is a
function, in part, of the type of wall. ‘A smooth vertical wall without a
sloping rock toe in front reflects the most energy and dissipates the Jeast.’
Since a sloping, rough-surfaced or permeable wall should dissipate more of
the incident wave energy, there should be less energy available for scour.

In his review of the literature, Kraus (1988) finds that laboratory, theore-
tical, and field studies all support the notion that there is less scour when the
wall is less reflective.

An engineering field study by Toyoshima (1984) on the Pacific coast of
Japan relates the changes in the shoreline subsequent to the replacement of
an older, vertical seadike with a newer, sloping, rougher wall. The wall
was replaced in 1982. In 1984, the author reports, ‘the shoreline has .
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advanced substantially and the sand beach has grown extensively.” It should-
be noted that no description of regional or long-term trends was provided."

In contrast, Griggs and Tait (1988) examined the juncture of a vertical concrete seawall and
a sloping rip-rap revetment at a Monterey Bay site. Both walls were further seaward on
the beach profile and were hit frequently by waves during winter months. Two years of
‘biweekly surveying indicated the beaches in front of both walls generally had indistinguish-
able profiles. In other words, although they would be expected to have considerably differ-
ent reflectivities, there was no indication of this in the resulting beach profiles. Frontal
wave reflection was observed at both walls at high tide.

" Among different shore protection types, as the level of reflected wave energy increases
(and energy dissipation declines}, shoreline hydraulics are likely to be increasingly affected
and all of the potential impacts noted above-beach narrowing, profile lowering and steep-
ening, sediment winnowing/coarsening, loss of large organic debris, and increasingly pro-
nounced downdrift effects—will become increasingly significant.

With this reflected wave energy/beach impact i'elationship in mind, different shoreline
protection methods can be ranked in terms of their relative potential for increasingly seri-
ous impacts o shoreline hydraulics and beach characteristics (Figure 4-5).

While no Puget Sound data are available to quantify the relationship illustrated in Fig-
ure 4-5, a curvilinear pattern is more likely than a simple straight-line relationship. Beach
strands, beach replenishment, and sand and gravel nourishment all effectively absorb wave
energy and create minimum impacts. As soon as large solid objects—rocks, riprap, revet-
ments, bulkheads—are introduced into the shoreline, energy absorption declines and wave
reflection sharply increases. As increasingly reflective structures are placed on the shore—
and especially lower in the profile—impact levels rise further, but the rate of increase
slows as maximum levels of wave reflection are approached.

Impact by Location in Drift Sector

Just as changes in shore protection method are likely to result in different levels of hydrau-
lic and shoreline impacts—so, differences in the specific location of an armored shoreline
site within a drift-sector are likely to result in different levels of impact. No published data
have been found to quantify these differences. However, a general understanding of shore-
line processes (Section 2), drift sector characteristics (Schwartz, Wallace and Jacobsen,
1989), and armoring impacts (preceding sections) has been combined to produce the pre-
liminary summary impact matrix presented in Table 4-2.
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‘ | Table 4-2 |
Drift Sector Summary Impact Matrix
l Drift Sector Location Source Transport Sink l

Shore Protection Type | Hard | Soft Hard | Soft Hard Soft "

Downdrift Impacts of H M/L M L L L
Sediment Impoundment

H Higher Groundwater

| Beach Narrowing

Profile Lowering

Substrate Coarsening
LOD Loss

avii ecil ol eog foe
R (R R e
ol I Rl o B
moj e e e e

Impact level: H = High, M = Medium, L = Low.

The matrix presents a qualitative comparison of relative impacts—i.e., low, medium, and
high levels of shoreline impact~that are expected to result from using "hard” versus "soft"
shore protection methods within the source (feeder bluffs), transport (drift way) or sink
(accretion terminal) areas of an idealized drift sector.

Within the drift sector source area, the principal impact of shoreline armoring will be to
impound potential sediment sources, leading to beach starvation both at the armoring site
and downdrift. The "hard" solution will also cause significant hydraulic impacts leading to
further beach narrowing, lowering, coarsening, etc. This combination—source area/hard
solution —presents the worst-case scenario in which all impacts are most likely to be highly
significant. A "soft" solution used in the same situation—some form of beach nourishment
for example—will partially offset both the impoundment of source materials and armoring
hydraulic effects, thus lowering overall impact levels. Loss of LOD may remain signifi-
cant as beach nourishment can bury or cut off existing supplies of orgamc debris from the
feeder bluffs.

The downdrift impacts of (partially) blocking off the drift sector’s sediment source will be
high with an armored shoreline, but could be ameliorated with a "soft" solution, to the
extent that any artificial beach nourishment could replace impounded natural (feeder bluff)
sediment sources. '

Within the driftway or transport area of the drift sector sediment impoundment would not -

be as serious a concern as in thé source area, for the driftway is receiving sediments from
the updrift source. Hard solutions would still cause medium to high hydraulic impacts
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onsite however, while soft solutions would again amehorate local and downdrift impacts by
feeding new sediment into the system. :

Use of either hard or soft shore protection solutions should not be needed within the drift
sector accretion terminal or sink, as erosion should not be a concern here. Should shore-
line armoring be installed, however, hydraulic impacts can still be expected to occur.
Since sediment is being received from updrxft sources, all impacts would be relatively low-
level.

Modification of groundwater relationships is likely to be more closely tied to armoring
approach —increasing with wall height and impermeability —rather than location within the
drift sector. Higher groundwater levels will tend to increase opportunities for sediment
transport at all locations.

Obviously the matrix is idealized and, as noted elsewhere (Figure 2-9), seasonal changes in
sediment drift direction as well as other specific features of an actual drift sector may
substantially complicate the final outcome. As noted by Schwartz and Wallace (1986),
referring to Puget Sound drift-sectors, "the potential for damage at any given proposed site
must be evaluated and dealt with on an individual basis." -

100256D4.8EA
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Section 5

Puget Sound Case Studies

The original goal of the Puget Sound case studies was to locate regional study sites where
specific impacts of shoreline armoring have been quantitatively documented. Ideally, sites
were to be selected where both primary physical shoreline impacts and secondary
biological effects could be documented.

The search for sites involved a broad-based literature review, a telephone survey of County
shoreland planners, and extensive contact with the following recognized Puget Sound
shoreline management experts:

. Eric Nelson and David Schuldt (U.S. Army Corps of Engineers Seattle
District) ' ‘

. Douglas Canning and Hugh Ship‘man (Ecology, Shorelands and Coastal
Zone Management Program)

. Ken Bates and Neil Rickard (Washington State Department of Fisheries)
. Professor Richard Sternberg (University of Washington)

. Professors Maurice Schwartz and Thomas Terich (Western Washlngton
University)

. John Downing and Ron Thom (Battelle Marine Laboratory, SeQnim
. Wolf Bauer (private consultant, beach nourishment expert)

Each of these sources separately confirmed that the physical and biological effects of
armoring on Puget Sound shorelines have not been extensively studied—especially not
quantitatively —and only a very small body of relevant quantitative information exists (e.g.,
beach profiles, sediment grain size, erosion rates). Only one site was identified —Lincoln
Park Beach, in Seattle—where reasonably extensive physical and biological impact data are
both available.

This section, therefore, presents chronological histories for those few sites in Puget Sound
with available physical data where primary impacts resulting from shoreline armoring
(e.g., beach narrowing, proﬁle lowering, downdrift effects) may have occurred. The
effort focuses on selected sites in order to complete a site-specific, quantitative assessment
rather than a generic, qualitative one.
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. Ediz Hook, Clallam County

Ediz Hook is a large sand spit (nearly 3.5 miles long, 90 to 900 feet wide) that protects |
the natural harbor at Port Angeles. Although located on the Washington shore of the Strait
of Juan de Fuca, rather than in Puget Sound proper, the spit provides our best regional
case history of coastal erosion and rehabilitation. Shore protection work at Ediz Hook
dates back to at least 1930 and is well documented in three publications: USACOE
(1976), Downing (1983), Galster and Schwartz (1990), and included references.

Ediz Hook is composed entirely of sand, gravel, and cobbles, derived by dominant east-
ward littoral transport of sediments discharged by the Elwha River to the west, and from
glacial till feeder bluffs that form the coast between the river and the hook. Despite its
large size, the hook only rises about 15 feet above MLLW, tide range at the hook ranges
from -3.3 to +11.2 feet MLLW (Galster and Schwartz, 1990).

In 1911, Elwha Dam was constructed on the Elwha River, impounding as much as
50,000 cubic yards annually of sand, gravel, and cobbles that previously contributed to the
littoral system feeding Ediz Hook. _

A second major impact occurred in 1930, when an industrial waterline was buried along
the toe of 3.3 miles of eroding feeder bluffs just west of the sand spit’s landward base.
Initially, 2,400 feet of wooden bulkhead was installed to protect the pipeline. Between
1958-61 additional steel pilings and riprap was added, such that a total of 6,000 feet of the
bluffs were impounded behind shore protection structures. Galster and Schwartz (1990)
indicate that impoundment reduced the bluff-related sediment supply from approximately
270,000 cubic yards per year in 1911 (the natural, predisturbance condition), to
95,500 cubic yards per year in 1930, and to 40,500 cubic yards pear year in 1961.
Together, construction of Elwha Dam and placing shore protection at the toe of the bluffs
(causing sediment impoundment), reduced the supply of sediment to the Ediz Spit littoral
drift system by 88 percent.

During this period of decimmg sediment suppiy, the end of the spit grew some 350 feet,
but at progressweiy slower rates:

 Growth Rate | Sed:ment Added
(ft/yr) (yd"lyr)
1870 - 1917 S . X 39200
l1017-108 -~ 33 34,000

1948 - 1970 | 2.0 | 17,000 |
180%11'0&:: Galster and Schwartz (1990). o : l

T
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As noted in the impacts section, when actual sediment transport falls below the "capacity”
for transport, the deficit will be made up by increased beach erosion. At Ediz Hook the
reduced sediment supply was reflected not only in slower spit elongation, but also in steep-
ening of the beach profile and significant erosional losses from beaches at the western/
landward end of the spit. Galster and Schwartz (1990) note shore-zone depth changes,
between 1940 and 1970, indicative of erosion of 82,300 cubic yards per year from the
foreshore west of the spit, 26,100 cubic yards per year lost from the western portion of the
spit, and 39,200 cubic yards per year added to the tip of the spit.

As erosion problems grew worse, between 1937 and 1970, a wide variety of piece meal
shore protection measures—timber and pile bulkheads, riprap, timber and rock groins,
steel sheet pile walls faced with riprap, and log crib bulkheads—where installed by differ-
ent property owners. As the beach profile along the spit continued to lower, most of these
installations failed.

In 1977 to 1978, after extensive studies and tests (summarized by Galster and Schwartz,
1990), the Army Corps.of Engineers implemented a comprehensive regional shoreline
protection/beach renourishment program, at a cost of $5,600,000. The project included
redesign and reconstruction of a continuous rock revetment along much of the spit’s
length, and placement of five stockpiles (totalling 100,000 cubic yards) of beach
nourishment material at intervals along the spit (Figure 5-1).

The results of project implementation were subsequently monitored in a variety of ways-
e.g., direct observations, aerial photos, hydrographic surveys, side scan sonar and sea
bottom sampling. Distinctive “tracer cobbles" were released with the beach nourishment
material to allow quantitative tracking of sediment movements within the longshore drift.

The general behavior of several separate stockpiles of beach nourishment material is illus-
trated in Figure 5-1. More detailed results are included and discussed in both Downing
(1983) and Galster and Schwartz (1990). An additional 30,000 cubic yards of beach nour-
ishment was added to two areas of the spit during 1985, and general repairs were made to
the rock revetment. A long-term maintenance program recommends 20,000 cubic yards of
" beach replenishment be added at 5-year intervals.

Figure 5-1 shows that stockpiled nourishment material was reworked and transported by
longshore drift, both offshore across the beach and alongshore down the spit. Downing
(1983) notes that the relative amounts of material moving offshore versus downdrift, is a
result of differences in wave energy produced by wave refraction and the orientation of the
beach with respect to the direction of wave approach

Tracer cobbles placed on the beach midway along Ediz Spit exhibited rates of movement

from O to 25 feet per day, with an average of 9 feet per day for the first 2.5 years, when
they reached the end of the spit (Galster and Schwartz, 1990).
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Summary

1. Ediz Hook provides the best regional example of direct and cumulative physical

impacts, from both shoreline armoring and beach nourishment on the ad}acent
beach.

2. Quantitative data relating bulkheading to reduced sediment supply, narrowing and
steepening of the beach profile, and slowing of spit extension are all available for
known timeframes.

3. Data from tracer cobbles also provide field measurements of longshore drift rates.

Sunnyside Beach, Steilacoom
Pierce County

Data

Beach profiles (1979, 1980)
. Historical photographs (1980)

The primary sources of information for this site are the Army Corps of Engineers (Seattle
District) and the Town of Steilacoom Public Works Department. The site is located near
the south end of Puget Sound within the town of Steilacoom, approximately one-half mile
south of Chambers Creek (Figure 5-2). ‘

Sunnyside Beach was formed during the late 1800s and early 1900s from waste sand
deposited by adjacent gravel recovery operations located at was then known as the
Thompson Gravel Pit. Construction of the Northern Pacific Railroad along this section of
the shoreline was completed in 1910. Long-time area residents recall that there was a
conveyor-belt system that transported the sand and gravel downhill from the adjacent
upland bluffs, over Chambers Creek, and down to the Puget Sound shoreline (Steve
Fischer, Town of Steilacoom Public Works, personal communication). The gravel was
then loaded onto a barge from a dock for transport to other areas in Puget Sound.
Remnants of the old barge dock are still visible at the site today. The waste sand was
discarded after separatlon from the gravel and formed the fill material (the 1935 ground
line is depicted in Figure 5-3). By 1930, all sand and gravel operations had been moved
about one mile north to the Lonestar and Glacier Gravel Pits, leaving behind over
250,000 yd® of waste sand. This waste sand formed artificial "headlands” that extended
about 1,500 feet north and south along the shoreline and projected nearly 600 feet into
Puget Sound. The headlands are visible as two shoals (one in front of the bulkhead, the
other slightly south) shown m an aerial photograph of the site taken in the late 1970s
(Figure 5-4).
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Natural erosion of the fill material at Sunnyside Beach went unchecked for a number of
years (Figure 5-5) but measures were eventually instituted to protect the backshore area
from further erosion. To slow the rate of erosion and protect the shoreline from further
damage, a 550-foot long timberpile bulkhead was constructed in 1967 along a portion of
the shoreline (Figure 5-6). The beach at this time was actively eroding at an estimated
rate of 1 to 2 feet per year. Erosion rates in the vicinity of the old Chambers Creek
wastewater treatment plant (located at the south end of the site) during this same period
were on the order of 3 feet per year. (Since 1988 to 1989, the wastewater treatment plant
has been relocated to a site north of Sunnyside Beach).

The need for the timberpile bulkhead becomes evident based on the local offshore
" bathymetry. The shoals noted above cause waves approaching from the west to refract,
concentrating wave energy in the area of the shoal. Construction of the bulkhead
responded to the wave-induced erosion along this portion of the site. The wave refraction
pattern in the area seaward of the bulkhead (assuming a due westerly wave approach) is
shown in Figure 5-4. : '

In 1974, Steilacoom asked the Army Corps of Engineers to investigate the cause of erosion
and to develop alternatives for shore protection. In the early stages of the project, the
Army Corps decided to utilize some type of "hard" shore protection structure (e.g. a
vertical wall or revetment) as a solution to the erosion problem. However, it was learned
that the Lonestar/Glacier gravel pits had waste sand available that could be used to nourish
Sunnyside Beach and plans for the bulkhead were abandoned. The change from a "hard"
engincered solution to "soft" beach nourishment was primarily due to budget
considerations. The Corps believed beach nourishment to be the lowest cost solution and
the one having the least environmental impact.

The Corps placed and graded approximately 18,000 yd® of waste sand as beach nourish-
ment in December 1975. The sand was off-loaded from a barge at high tide by washing it -
overboard with a jet of water. The material was then graded at low tide using
earthmoving equipment. Drift logs that had accumulated on the beach prior to the
nourishment program were removed, then replaced after construction was completed. The
project was completed in December 1975, at a total cost of about $1.00/yd® (Eric Nelson,
Army Corps of Engineers, personal communication).

In early 1979, the Corps conducted the first surveys at Sunnyside Beach. As part of an
informal monitoring program, the Corps conducted site visits, accumulated photographs,
tide records, and made beach profile and distance measurements from still water line to the
bulkhead. Nails were driven into the pilings at several locations to determine elevation
changes in the beach. Based on contemporary measurements, beach erosion was
continuing at a moderate rate. A volumetric analysis of beach profiles using 1979 and
1980 data was conducted to calculate net erosion or accretion at the site.

Other than observations that some material appeared to have moved northward as a result
of local longshore transport, no other information was collected for about 3 years. In July
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Figure 5-5
" Sunnyside Beach
Shoreline Erosion, 1967
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of 1978, 4,200 yd® of waste sand was placed as additional renourishment material,
According to the Corps, the Town. of Steilacoom had no plans for any future beach
renourishment. In 1980, the beach was observed to be nearly 1,000 feet Iong and was
about 100 feet wide at MLLW, and scattered with drift-logs’ (Plgure 5~7)

Following the brief momtonng program, the Corps concluded that the eroded beach ma-
terial was transported offshore, redistributed; and later carried back onshore again. No
observations were noted regardlng the size of material moved or the amount of redeposi-
tion. Fluctuations bétween erosion and accretion were observed to occur in as little as one
month’s time. A small longshore transport component carrying material to the north was
also noted. Other observations about longshore transport and. redlstnbuuon -of material
indicate that the sediment did not follow the direction anticipated, based on knowledge
gained about local transport processes (Eric Nelson, Seattle District Army Corps of
Engineers, personal communication). However, evidence for a generaliy northerly net
shore-drift is supported by evidence such as the accumulation of sand on the south side of
foreshore obstructions (i.e., rocks, dnft~logs) and by eroszon on the downdnft (north) side
of the buikhead (Harp, 1983) R _

After analyzmg the avaﬂable survey mformanon a pattem of erosion and accretlon relating
to the location of the bulkhead can be inferred. The accuracy of the 1979 and 1980
surveys must be taken into consideration, however. From the limited amount of
information (when areas of accretion and erosion are compared), the. first signs of erosion
are evident within about 20 feet of the south end of the bulkhead (Figure 5-4). Erosion is
evident for the whole length of the bulkhead (550 feet) and beyond the north end for about
150 feet, at which point slight accretion i$ again evident. ~In contrast, substantial accretion
* can be observed for the beach in front of the southern shoal area (Figure 5-4). One year’s
survey data is not enough to confirm definitive conclusions about the effect of the
Sunnys1de Beach bulkhead, but there is enough data to suggest several 1mpacts

Based upon photographic evidence and field observations, a case can certamly be made
that the beach has narrowed at Sunnyside, but not enough data are available to state
conclusively whether this is a result of bulkhead construction. The same can be said about
lowering of the beach profile. ~ Beach profiles from 1979 and- 1980 Corps surveys
(Figures 5-8 and 5-9) indicate that both net accretion or erosion were observed, depending
upon location along the shoreline (Army Corps of Engmeers 1981). 'Some transects
exhibited both accretion and erosion (Station 4400, Figure 5-9). Other than observations
from photographs taken since 1978 (when the beach was last renounshed), there is no
" evidence among available data to indicate whether there has been a net gain or loss of
beach material from the site. Photographs and anecdotal evidence from local residents
indicate that the beach is still narrowmg, particularly since recent severe storm events
(i.e., winter 1990-91). :

Changes in substrate type and/or size (alongshore or cross-shore) were not recorded by the
Corps nor in information available from the Town of Steilacoom. Downdrift effects in the
promment direction of the littoral transport (north) have been noted and result in the
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Figure 5.7
Sunnyside Beach,
May 1980
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redistribution of beach material both north and south of the site. During the winter

months, this redistribution of material forms a sizeable beach at the southern end of the

site (Steve Fischer, Town of Steilacoom Public Works, personal communication), but this
is likely to be at the expense of the beach at the north end of the site. This observation is

best explained by seasonal variations in the shore alignment that are caused by differences

in wind-induced wave direction and magnitude.

Seasonal accretion on the south end of the site was substantiated by a site visit in March
1993. The presence of very coarse material —cobbles and coarse gravel —directly in front
of the bulkhead was also noted; no similar material was seen along other sections of the .
beach (Figure 5-10). The area in front of the bulkhead also appeared to exhibit a slightly
‘higher elevation than the beaches north and south of the bulkhead. This feature can be -
seen in the top photograph.in Figure 6-9. It is possible that some of this coarse material
was derived from the material that constitutes part of the backfill behind the bulkhead or
that it is part of the original fill material. Observations about loss or gain of organic
debris on the beach have not been made and are restricted to information that can be
inferred from site photographs. Drift-logs have accumulated along some portions of the
site, particularly at both the northern and southern ends of the beach, but not immediately
in the area of the bulkhead.

-~ Summary

1. The good site history for Sunnyside Beach-—together with an absence of natural -
' sediment sources to the site—permit quantltanve calculations of sediment movement
and losses over known timeframes.

2. Sunnyside is undoubtedly a "starved" system where the beach is undergoing steady,
© broad retreat.

3. The presence of a timber bulkhead in the center of a uniform beach is ideal for
comparing physical changes in front of the bulkhead with those beyond the ends of
the bulkhead. Increased beach erosion—including lowering and narrowing in front
of the bulkhead—during the 1990-91 winter storm season was dramatic.

4. This site provides some evidence for both the coarsening of sediments in front of a
" bulkhead and theloss of LOD.
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Source: Brad Paulson, March 1893
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Figure 5-10
Sunnyside Beach:
Coarse Gravels Fronting Bulkhead



Lincoln Park Beach, Seattle
King County
' Beach profiles (1974; 1981, 1984 data)
Substrate data (1983 foundation exploratlon)
Frosion rates (1932 to 1974 estimated average)

Historical photographs (1934, 1936, and present day)
Biologmai momtonng (vanous reports) '

The sole source of data rclatmg to physwal processes at thls sxte is from the Seattle District
‘Army Corps of Engineers.. Some additional historical photographs were available from the
City of Seattle Department Parks and Recreation. This site is unique, however, in that it
also has been the subject of falrly extensive marine blologlcai momtonng

The site is located in central Puget ‘Sound w1th1n the City of Seattle at Williams Point’
(Figure 5-11). Lincoln Park. was created in 1922 when the City of Seattle acquired
130 acres at Williams Point.  In 1925, the park was opened to the public, with the
majority of the grounds development occurring in- the 1930s.. The Works Progress
Administration (WPA) constructed a number: of facilities on the site, mciudmg hiking
trails, playgrounds, picnic shelters, tennis courts,”and a saltwater swimming pool. Asa
means to protect the newly constructed park facilities from wave attack, a cobblestone and
mortar seawall was constructed in 1936 which éxtended along the length of the park’s
shoreline (Figure 5-12). A rock revetment was built along’ nearly 250 feet of Williams
Pomt to protect it (and the Colman Pool) from particularly severe wave energy.

The mile-long park shoreline can be divided into three distinct areas: a 2,400-foot north-
west beach, a 200-foot beachfront at- Williams Point, and a 2,600-foot southwest beach
(Figure 5-13). The southwest beach and Williams Point have suffered the most damage
~ from wind-induced wave attack, drift-log attack, and beach scour (Figure 5-14). These
areas are directly exposed to prevailing southwesterly wmds and waves. The northwest
beach is relatively well-sheltered from south/southwest storms, and consequently, wave
erosion is not considered a problem at this location. Northerly-directed storms have only
occasionally nwessuated minor seawall repa:rs along the northwcst beach

Twice in the 1950s, large sectzons of the southwest seawall faﬂcd bccause of undermining
of the seawall toe, requiring replacement of broken portions and the addition of concrete
reinforcement to the toe. Backfilling and repairs to the asphalt service roads were also
_ required frequently. Despite continual stopgap measures, the erosion problems persisted as
the seawall continued to age. In the winter of 1981, storm waves broke and dislodged a
90-foot section of seawall at Williams Point, while along the southwest beach, backfill was
washed out from the seawall after having been breached in several locations (Figure 5-15).
The extent of this damage is well-documented by the Corps in the Lincoln Park Beach

5-18




Bainbridge L

Alki Pt,

5-19

Figure 5-11
Lincoln Park Beach Site
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Source: Cily of Seattle, Dept. Parks and Recreation.
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Figure 5-12
Linceln Park Beach
Seawall Construction, March 1936
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Figure 513 .
Lincoln Park Aerial View




[y :

Southwest beach seawall showing undermining of 1950's toe protection works. . -
Note section of concrete seawall at photo left. Quarry stone on beach surface. -
has washed out from behind seawall. Guoanrom o
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Southwest beach seawall showing collapsed beach access Steps.

Source: Army Corps of Engineers, 1986,

Figure 5-14

Lincoln Park Beach
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Seawall Damage
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Southwest beach' seawall showing quarry sione backfill of voids. Asphait
promenade adjacent to seawall was removed in spring 1985 and voids
backfilled with stone and granular material. : .

Source: Army Corps of Engineers, 1986.

Figure 5-15
Lincoln Park Beach
Seawall Damage (Cont.)
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Erosion Study (1984), and Final Detail Project Report and Final Environmental
Assessment (1986).

In 1983, the Seattle District Army Corps-of Engineers formulated two structural plans for
" long-term beach erosion protection, one incorporating a concrete and sheet-pile barrier for
seawall toe protection, the other placing fill material directly in front of the seawall at both
the southwest beach and at Williams Point. The later alternative was selected and beach
nourishment was completed in December 1988. Approximately 20,000 yd* of sand,
gravel, and cobbles were placed in the work. Additionally, 3,900 tons of armor stone was
placed along Williams Point to replace the old sections of failed seawall. All of the
materials were brought to the site by a barge equipped with a conveyor system. After
placement on the beach, the material was- distributed and graded with earth-moving
equipment at low tide. Key components of the | project mclude periodic renourishment and
revetment rehabilitation, as well as benthic recovery studies and biological monitoring to
help minimize the loss of intertidal abitat due to the project. - The recently completed
Detailed Project Report (Army Corps of Engineers, “October 1992) provides the basis of
design for. the renourishment of Lincoln Park Beach w1th the work antxczpa.ted to be
complete by October of 1993. '

Historic beach eievat.ions’ were inferred from as-built drawings during seawall construction
and repair (Eric Neison, Seattle District Army Corps of Engineers, personal com-
munication), since only one beach survey was conducted by the Corps prior to the initial
placement of the beach nourishment material in 1988. The beach transect stationing
convention used by the Corps is shown in Figure 5-16. Lincoln Park Beach Erosion Study
(1984) documents lowering of the beach profiles along selected sections of the southwest
beach and Williams Point by comparing the 1981 and 1984 beach profile data to survey
profiles from 1974 (Figures 5-17 through 5-20).

Comparisons of 1981 through 1984 data with 1974 data indicates erosion has slowed at
- Lincoln Park. In fact, with the exception of the beach in front of Williams Point, Lincoln
Park Beach, in general, has suffered only minor erosion during the 1974 to 1984 penod

The reports conclude, however, that although the beach appears to be fairly stable in
recent years, the shoreline proﬁle along the seawall is shifting toward the north (Army
Corps of Engineers, 1984). As is the case with the shoals af Sunnyside Beach, Williams
Point is also particularly vulnerable to wave attack becduse of the way that it protrudes
into Puget Sound. In contrast to the constant erosion rate along the southwest beach, the
erosion rate at Williams Point was apparently in an acceleratmg mode (Army Corps of
Engineers, 1984). It has been suggested that this was exacerbatcd by the lack of a natural
sediment source updrift (south) to nourish the beach B

From 1932 (4 years prior to the seawall construction) to 1974, the beach profile at Lincoln
Park was lowered, on the average, about 3 to 4 feet per year (Army Corps of Engineers,
1984). The area between Williams Point (Station 4+00) south to Station 22+00 appeared
to suffer the greatest loss from erosion (Figure 5-21). This figure does not necessarily
indicate that the shoreline elevation has lowered solely as a result of the mstallatmn of the
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Lincoln Park Study Area

5-25



T N fa) STATION 0+00

—1874 PROFILE
o 1881 DATA
4 1984 DATA

ELEVATION, COE DATUM. FY

A

COE DATUM =-0.88 MLLW
.4 Az 1 | ] 1 1 1 1 |

0 2 4 60 8 105 120 140 160
DISTANCE TO WALL. FT.

Note: See Figure 5-16 for station focations.
Source: Army Corps of Engineers, 1984.

Figure 5-17

Lincoln Park Beach Profiles,
1974-1984

(Stations 0 to 4)
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Figure 5-19

Lincoln Park Beach Profiles,
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seawall, but rather shows that the area between Stations 6+00 and 22400 more or less
reached a state of equilibrium by the 1974-1984 period, and had gradually lowered since
the seawall was built. Using estimated 1951 and 1953 profiles, the Army Corps calculated
the erosion rate along this portion of the shoreline to be about 0.1 foot per year (Army
Corps of Engineers, 1984). This rate reflects the fact that shoreline processes in Puget
Sound occur relatively slowly and, as a result, equilibration times are long.

- Army Corps reports state that the beach profile at Lincoln Park (especially along the
- Williams Point beach and southwest beach) has been lowered by wave-induced scour. As
in the case at the Sunnyside Beach, however, it would be difficult to conclude that this was
solely the result of seawall installation in 1936. The lowering of the profile is generally
thought to be due to lack of a sediment source south of the site, which leads to beach
starvation and a gradually lowered profile. As the profile continues to lower and water
depth in front of the seawall increases, larger and larger waves are capable of reaching and
directly attacking the seawall during high tide conditions (Figure 5-22). This, in turn,
lowers the beach profile even further.

The 1991 beach profiles indicate a slight lowering along the entire length of the southwest
beach and significant lowering in front of the Williams Point revetment (actual data not
available for this report). No explicit mention has been made about Lincoln Park beaches
narrowing, but if the profiles have been lowering with water levels staying the same, it can
be inferred that the beaches are narrowing.

Placing beach nourishment material in front of the existing seawall has effectively
“removed" any effects of the wall from the littoral system. To confirm this, photographs
before and after beach nourishment were inspected, and preliminary wave runup
calculation was made. A Ssignificant wave height (H,) of 6 feet and wave period of
4 seconds were used for the wave runup calculation to determine the probable extent of
runup and likelihood of seawall overtopping. The results indicate that the slope and
coarseness of material making up the new beach serve to effectively dissipate wave energy
before the original seawall location is reached. In essence, the original seawall now has
been totally "removed” from the system and no longer affects beach profile dynamics.

- Size distribution of native beach material was determined using sieve analysis (Army Corps
of Engineers, 1984). In general, an increase in sand content was evident from the surface
to increasingly deeper layers. Coarser, more resistant gravel and cobble material was
more prevalent in the surface layers. For example, it was observed that the first 6-inch
deep layer consisted of poorly sorted gravel (with scattered cobbles) in the lower area of
the beach. Sand content in the 1.5-foot depth layer was observed to vary from 30 to
70 percent by weight. No alongshore variability in sediment size was noted in any of the
Corps reports.

The change in substrate size at this one point in time (i.e., 1984 study) merely indicates

that winnowing of fine (silt and clay) particles has occurred, leaving behind only coarse
material. Samples deeper than 1.5 feet below the surface, representing the native beach
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material at the time the seawall was installed, would be required to make a general
statement about the relationship between a change in substrate size and construction of the
seawall. The large proportion of coarse material at the beach is likely the result of the loss
of silt and clay particles through winnowing, combined with the lack of an updrift
sediment source. Additional information of this type would be valuable for providing
information about the shoreline that existed prior to intervention by man.

Since placement of the beach nourishment material in 1988, drift logs and other detritus
have accumulated on the first 8-to 10 feet of the beach directly seaward of the seawall. By
January 1989, the waves had cut into the beach profile to produce an erosional beach scarp
in the foreshore (Figure 5-23); by April 1989 (Figure 5-24), the beach had reached an
equilibrium profile. [Note that Figures 5-22 through 5-24 were taken from the same
location to provide a perspective on the shoreline change from a single point]. In addition
to helping dissipate wave energy during high tide conditions, drift-logs also serve to trap
organic debris and fine sediment between them and the seawall. However, during storm
conditions (large waves combined with high tides), drift-logs can act very effectively as
scouring devices high up on the beach profile as they are forced against the banks by
incoming waves. Prior to nourishment of the beach, wave energy in front of the old -
seawall was too strong to allow accumulation of drift-logs and organic debris.

The Detailed Project Report (Army Corps of Engineers, 1992) states that the Lincoln Park
Beach Shoreline Erosion Control Project is not expected to have any significant adverse
effects on adjacent shorelines because beach nourishment does not materially alter the
transport processes of the area. Since 1988, some private beaches south of Lincoln Park
have experienced some accumulation of coarse fill material as a result of some recent
winter storms from the north (Eric Nelson, Seattle District Army Corps of Engincers
personal communication). However, because the predominant littoral transport direction is
to the north, some downdrift (primarily) and updrift beaches have experienced minor
accretion of fill material from Lincoln Park. As shown in Figures 5-23 and 5-24, the
shorelme is adjusting to a new equilibrium profile, and in the process, beach fill matenal
is being mobilized. The observed transport of beach fill at Lincoln Park, both north and
south of the site, provides an excellent opportunity to measure potential effects on
biological communities in these areas.

Summary

1. Lincoin Park Beach studies provide quantitative data on the physical impacts of
both historic seawall armoring and more recent beach nourishment. The most
recent beach nourishment project, completed in December 1988 is being actively
monitored.

2. There is good evidence, including some quantitative measurements of both beach
narrowing and lowering in-front of the historic seawall.
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Southwest beach following beach nourishment. Beach scarp marks
erosion as beach seeks new equilibrium profile. Same location as
Figure 5-22 and 5-24.

Source: Eric Neison, US ACOE, Seattle District, 1989.

5-34

Figure 5-.23
Lincoln Park Beach,
January 1989
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Southwest beach; beach nourishment has achieved egilib
Same location as Figures 5-22 and 23,

Source: Eric Nelson, US ACOE, Seatile District, 1989,

Figure 5-24
Lincoin Park Beach,
. April 1989
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3. Minor adjustments to beach profiles following placement of nourishment materials
suggest that new equilibrium profiles have been established and prior impacts from
the seawall have been "removed.”

4, There is some evidence that winnowing of the beach nourishment material has
created a natural armor layer of coarser sediment on the new beach surface.

Other S:tes

The remaining site descriptions are based Iargely on quahtatlve rather than quanutatlve
information. "Although qualitative information can be valuable, it is difficult to defend any
conclusions about shoreline armoring effects without quantitative data to support them.
Nevertheless, a brief site history and the sequence of events leading up to the present
- shoreline configuration may reveal some clues as to whether the armoring of a par’acular
' site has directly 1mpacted the width and/or profile of the’ beach substrate sme, -
o accumuiatmn of organlc debris, or had any downdnft effects o :

'We_st Point Sauth Beach (Dlscovery Park)
- .  Beach proﬁles (1962)

. Hlstonc and/or aenal photographs (1936 1946 1961 1966 196’7 1970
1977, 1981, and 1986) | |

: Chmnologlcal mstory of this site is dlscussed by Domenowske (1987) The West Pomt

peninsula (Figure 5- 11), classified as a triangular cuspate foreland, was created by material “

from eroding feeder bluffs (Magnolia Bluff) carried by local longshore transport and
nearshore currents. This site has had a long history of shoreline mampulanon and
modification dating back to the 1930s. Presently, the West Point property is shared by
Fort Lawton (U.S. Arrny) and the Municipality of Metropolitan Seattle (Metro), and
Discovery Park, created in 1972 by the City of Seattle. In the late 1800s, the U.S. Army
acquired most of the upland property for the creation of Fort Lawton. The North Trunk
Sewer was constructed in 1912 by the City of Seattle, which would later become the site
for the Seattle Regional Wastewater Treatment Plant.

By the 1930s, the U.S. Army had filled the low-lying saltmarsh areas of West Point for
use in training exercises during World War II. The configuration of the West Point
peninsula at this time is shown in a 1946 aerial photograph (Figure 5-25). Note the
extensive system of sand bars in the sub-tidal region that serve as the source for seasonal
onshore-offshore exchange of sand. Earlier aerial photographs (1936) also show this sand
reservoir to be well established. This material was important as a buffer for protection of
the beach, as it caused waves to break offshore, and dissipating energy on the sand bars
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Source: Domenowske, 1987.

Figure 5-25 :
West Point Foreland, 1946
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rather than the beach face itself, In 1962, Metro began construction for the wastewater
treatment plant expansion project on 15 acres at West Point. In addition to nearly
3,200 feet of seawall construction and about 25 acres of backfilled intertidal area on the
north side of West Point (for plant expansion), a six acre sludge lagoon, enclosed by a
rock revetment, was constructed on the south side (Figure 5-26). Prior to the construction
. of the lagoon, beach profiles were measured along three transects (Figure 5-27). These
are the only known beach profile data available prior to construction of an artificial gravel
beach in 1981. The south side of West Point is exposed to a long fetch to the south, and
during the winter months wind-induced waves drive the littoral transport from southeast to
northwest (Figure 5-28). The littoral drift direction is responsible for patterns of erosion
and deposmon observed north and south of the Iagoon, respecuveiy ' :

‘Much of the exlstmg mformatmn about West Pomt is’ summanzed in a 1979 report to
Metro. Engineers prepared by Professors Richey and Sternberg: at’ ‘the University of
Washington and John Downing at Battelle. They were asked by Metro to investigate the
probable impacts to the shoreline of removal of the sludge lagoon; They also addressed
various alternatives for restoration of the shoreline to its original (pre-1962) conﬁguratwn

Their. study is based on analysis of an 1883 Coast Guard survey, aenal photographs danng
back to 1936 and sﬂe v151ts ' : _ s

Companng dlstance and area measurements from aerial photographs taken between 1936
‘and 1977, Richey, et al,, drew several conclusions about temporal variations in the
shoreline ‘configuration. They concluded the shoreline was relatxvely stable followmg the
1883 survey, and changed less than 40 feet between 1936 and 1961

Consu*uctmn of the sludge Iagoon protrudmg into Puget Sound 1nterrupted httoral drift
and caused rapld modification to the shoreline both up and downdrift. This was clearly
evident from erosion and accretion areas that developed at the north ‘and south ends of the
lagoon (Figure 5-28 and 5-29). The effects of accretion south of the lagoon were felt as
far as 750 feet updrift (south), at which point a natural, undisturbed shoreline was
observed. This distance might be used to as a check to McDougal’s (1987) theory that the
effects from bulkheads are “felt” by adjacent unprotected shorelines for a downdrift
distance that corresponds to 70 percent of the length of the bulkhead (refer to Section 2—
Shoreline Processes). Based on the observation of a shallow longshore trough (having a
bottom elevation no deeper than any -other natural feature up or downdrift of the lagoon)
that developed soon after construction of the lagoon revetment, Rxchey, et al., concluded
that the installation of the revetment did not appear to have caused erosion beiow the grade
of the pre-existing beach (prior to 1962). In summary, they concluded that after removal
of the lagoon from the south side of West Point, the shoreline would very likely return to
. its pre-1962 configuration.
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Source: Domenowske, 1987,

Figure 5-26
West Point Foreland and
Treatment Lagoon, 1946
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The sludge lagoon was removed by Metro in 1980 and replaced by an artificial gravel
beach designed by Wolf Bauer!. The final gravel beach design reflected a consensus
among all concemned property owners: Metro, U.S. Coast Guard, Department of Defense,
and the Washington State Department of Natural Resources. The gravel beach design
required the removal of 20,000 yd® of sludge and sand from the old lagoon; burial of about
12,000 yd?® of riprap in the backshore region; and construction of 3,000 feet of new gravel
beach, which included 58,000 yd* sand and gravel, in the backshore area (Domenowske,
1987; Figure 5-30). '

The first year after construction, an estimated 3,000 yd® (approximately 14 percent of the .
total fill material) moved around the point to the north side of West Point (Domenowske,
1987). The maximum drop in beach elevation observed on the south tip was about 6 feet,
which represents about one-half of the gravel originally placed. Approximately 60,000 yd?
of beach grass was planted in the sand fill to aid stabilization of the backshore region.
Since completion of the gravel beach in 1981, the shoreline has successfully endured over
10 years of winter storms combined with high tides. Plans are presently underway for
renourishment of the gravel beach and possible construction of sediment retention
structures (a groin or anchor sill) to help slow the littoral transport of material around the
point to the north.

West Point is different from other sites described in that a "hard" shore protection
structure was only in place temporarily —less than 20 years. Also, the previous two case
studies each involve vertical bulkheads rather than riprap revetments, which certainly
interact differently in coastal environments. Had the revetment simply been removed
(i.e., no gravel beach constructed), this may have provided a unique opportunity to
observe the potential re-equilibration of the shoreline back to its original configuration.
Had the re-equilibration not occurred, this fact may have provided useful information about
the effect from updrift (bulkheaded) sections of shoreline adjacent to West Point.

Whidbey Island (western shore)

Professors Thomas Terich and Maurice Schwartz at Western Washington University are
conducting an ongoing beach monitoring study at three sites located at Bush and Lagoon
Points along the southwest shoreline of Whidbey Island (Figure 5-31). This is the first
study in Puget Sound to investigate shoreline conditions before and after construction of
bulkheads and quantify impacts to adjacent, natural, unprotected shorelines (Terich and
Schwartz, 1993). The study began in spring 1991; two additional surveys remain (spring
and summer 1993) before the final report will be prepared in fall 1993 (T. Terich,
personal communication, April 1993).

Twolf Bauer, with over 60 years’ experience of, Puget Sound shorelines, is an ardent supporter of beach restoration around Puget
Sound. He has designed and installed gravel berm beaches at Lion’s Park (Bremerton), North Beach (Orcas Island), Seward Park, Brace
Point, Tolmie State Park, and Birch Bay, among others. He has extensive photographic documentation of sites befote and after beach
restoration. ‘To date, however, no systematic guantitative monitoring of these artificial beach restorations, or their physical and
biological impacts, has been conducted.
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Source; Domenowske, 1987.
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Figure 5-30
West Point Foreland Restored, 1981




Source: Terich & Schwartz, 19982,
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Figure 5-31
Whidbey Island
West Shore Study Sites




Preliminary conclusions presented in Terich and Schwartz (1993) include:
. Puget Sound beaches deﬁniteiy respond to seawall construction.

. Quantitative impacts of seawalls to the shoreline depend upon two main
factors: (1) the availability, or lack of, a sediment source to nourish the
beach, and (2) the specific location and orientation of the seawall within the
beach profile.

. Pi-e]iminary results indicate that when a structure such as a bulkhead is built
well back on the upper beach berm, the response of the shoreline is small.

* . Natural, unprotected beaches adjacent to armored shorelines become
increasingly susceptible to erosion following bulkhead installation.

Other than lowering of the beach profiles and downdrift impacts on adjacent unprotected
shorelines, no mention was made of the remaining primary physical impacts addressed in
this report, such as an observed change in beach width, coarsening of substrate size, or the
accumulation/loss of organic debris from the beachface.

This study represents the type of research that is so sorely needed for Puget Sound
shorelines, 1Its value will be greatly increased if quantitative monitoring can be continued
over a longer timeframe, primarily because shoreline processes in Puget Sound operate
slowly (e.g., at least longer than over a 2- to 3-year period). Importantly, care is also
being taken to document bulkhead-related impacts as opposed to those that are occurring as
a result of natural processes (T. Terich, personal communication, May 1993).

Whidbey Island (Oak Harbor)

The Army Corps of Engineers conducted a 1979 demonstration project at Forbes Point on
Whidbey Island (Figure 5-32) to assess the protective capabilities of different types of
shore protection (Army Corps of Engineers, 1981; Downing, 1983). The focus of the
project was to evaluate the structural integrity of different bulkhead designs, i.e., timber
pile seawall, gabion mat revetment, sand-cement bag revetment, etc. In general, the
project investigated bulkheading more from an engineering and “stormworthiness”
perspective than an analysis of physical or biological impacts of armoring on the adjacent
beach viewpoint. The applicability of the demonstration project to this study is thus .
 limited, as it does not really address the direct or cumulative impacts that may result as a
consequence of bulkheading.
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Figure 5-32
Whidbey Island
Forbes Point Study Site
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Days ISland

Ecology, Shorelands and Coastal Zone Management Program recently prepared a brief
preliminary report (thpman, 1993) on shoreline erosion at Days Island, Pierce County.

The report summarizes erosion problems (butkhead undermining) along the eastern shore
of Tacoma Narrows and where a groin field has been constructed to intercept littoral drift.

Available sources of information include aerial photographs, the Coastal Zone Atlas, and
the report on net shore-drift for Pierce County (Harp, 1983). Detailed site-specific
information is very limited but this may prove an excellent location for future studies.

There is not enough information to draw conclusions about direct impacts from bulk-
heading. An observation by Harp (1983), however, regarding vertical offsets of 0.5 to
0.75 meter in the beach profile is very interesting and ties into the Sunnyside Beach
example. These vertical offsets are caused by accumulations of sand on one side of a
groin and cause a vertical difference in profile elevation between the updrift and downdrift
sides of the groin. This observation leaves little doubt as to whether updrift sites (as at
Sunnyside Beach, for example) are nourishing this section of shoreline. This site would be
a particularly interesting case study because it contains one of the few groin fields in Puget
Sound and definitely deserves further investigation.

Rich Passage

In 1990, a study was conducted along the Rich Passage shoreline to determine the extent of
impacts resulting from operation of the Seattle-to-Bremerton high speed passenger-only
ferry (Hartman Associates, 1990). The study area is shown in Figure 5-33. Complaints
from local landowners ranged from an increase in observed erosion rates to damage of
intertidal biological resources. Overall conclusions drawn from the study were as follows:

* High-speed ferries operating during the study period (April 23 to June 7,
1990) did not erode sand and gravel along the shoreline under consideration.

. At two out of the three sites studied, physical damage to bulkheads was not
a result from ferry operations.

o ngh»speed ferries operating during the study penod did not damage or
destroy kelp beds at the study site.

Relative to the scope of this study, Hartman Associates (1990) conclude that the presence
of shoreline protection structures prevents the natural shoreline from adapting to ferry
wakes and from establishing a sediment equilibrium condition similar to past conditions.
They further concluded that bulkhead designs within the study area are not adequate to
prevent long-term damage to the shoreline from bulkhead overtopping and toe erosion.
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Figure 5-33
Rich Passage Study Sites
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South Puget Sound

Bulkheading characteristics along portions of shoreline on Eld and Totten Islands, Thurston
County, are summarized in a memorandum by Douglas Canning at Ecology (October
1992). The memorandum describes bulkhead projects constructed by Japhet Construction.
The bulkheads constructed by Japhet consist of two basic designs (Figure 5-34), a
convenuonal grav1ty bulkhead and a zero clearance at dog-leg bulkhead.

Japhet s bulkhead des1gns have evolved over the years as his direct field experience W1th
their construcnon and mmntenance increased.

Most observations in the memorandum are engmeenng-related (i. e. materials used, design
specifics, typical bulkhead longevity) and not specifically applicable to this impact analysis.

However, this type of information may be very useful in the future in helping to evaluate
direct zmpacts from bulkheading in south Puget Sound.

100256D5.8EA
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Section 6 _
Cumulative Effects
On Physical Coastal Processes

Cumulative impacts are codified in guidelines for the National Environmental Policy Act’
(40 CFR§1508.7) and similar state legislation. Cumulative impact refers to environmental

effects that stem from more than one action. Considered alone the impact of each action

might be minor, but seen together as a group, the impacts become significant. They may

occur onsite or offsite, may be spatially or temporally displaced from the original distur-

bance and may be produced by additive or synergistic interactions, "the distinguishing

characteristic is that at some point the cumulative effect of the incremental actions become

significant (Tuttle and Dickert, 1987)."

Problems of assessing cumulative impacts are the choice of boundaries within which to
evaluate cumulative impacts and system thresholds. Threshold is important because it is
the point where combined effects become significant. "In some systems thresholds are
technically difficult to identify, particularly if masked by natural variation and system
noise. In others, an intrinsic threshold may not exist, if the impact responds linearly to
increasing stress."

Despite a relauveiy long regulatory history, meamngful examples of cumulative 1mpact
studies remain scarce—and even fewer of them concern the impacts of shoreline armoring.

An excellent introduction to the whole concept of cumulative impacts is provided by Leo-
pold (1980) in an assessment of forest management effects on California watersheds.
Several excellent papers on the cumulative 1mpacts of small hydropower developments on
watershed fisheries production are included in the proceedings of a symposium on Small
Hydropower and Fisheries (American Fisheries Society, 1985). Bain, et. al. (1988) present
a methodology for assessing cumulative impacts to fish and wildlife; while Tuttle and
Dickert (1988) and Nestler (1992) outline methods for assessing cumulative impacts to
wetlands. Virginia Coastal Resources Management Program also recently published a
report on Management of Cumulative Impacts in Virginia (Un1ver31ty of Virginia, 1991).
Shipman and Canning (1993) provide a framework for reviewing cumulative impacts of
shoreline stabilization in Puget Sound. ‘

Thurston County Bulkhead Inventory

How much of Puget Sound’s shoreline has been altered by some form of shore protection
or armoring? Lots—but we do not know how much. What forms of shore protection or
armoring are most commonly used in Puget Sound, and in what situations? Again, we do
not know. Despite the obvious potential environmental significance of shoreline armoring,
no systematic quantitative database summarizing these most fundamental features of Puget
Sound presently exists.
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To begin filling this gap, Task 1 of the Coastal Erosion Management Strategy study
addresses the question: What are the extent, rate, and character of recent shoreline
armoring? Using Thurston County shorelines as the model, Thurston Regional Planning
~ Council (1993) is quantifying the extent and nature of shoreline armoring over the past
15 years and examining how shore protection is correlated with land use types and develop-
ment densities. Some interesting preliminary results' are presented in Figure 6-1 and
Table 6-1. ‘ '

_ - Table 6-1
3 Thurston County Inventory of Shore Protection Types, 1993"
___Armoring Type ____No. Parcels Length/Feet 1
Concrete 956 105,120

Concrete + log = . ' 21 2,776 - - ll

Concrete + Riprap 27 2.515 |
Concrete + Wood Plank | = 1 111 “

Loz = 180 | 20,480

Other 51 5024 “
Riprap | 95 11,207

Riprap + Log 6 | 100 |
Riprap + Wood Plank 4 516

Wood Plank 97 9,375

Wood Plank + Lo . 5 | 1,001 I

87, Kettman, Thurston Coun rs. comm., April 1993).

- Thurston County shoreline, outside Olympia City limits (excluded from the study area),
extends approximately 117 miles along the southernmost portion of Puget Sound (Fig-
ure 6-1). An analysis of 1992 aerial photographs and field ground-truthing indicates that
nearly 35 miles, or almost 30 percent, of this shoreline is presently armored. The nature
- of the armoring, by cumulative shore length, is shown in Table 6-1.

Preliminary analysis of a 1977 aerial photo-set (subject to greater error since it cannot be
field checked) indicates approximately 16 miles of shore had been armored at that time. If
verified, these numbers indicate an increase in total shoreline armoring between 1977 and
1992 of about 18.5 miles or 114 percent (Figure 6-1).

"These preliminary results were kindly provided by Jackie Kettman, Thurston Regional Planning Council (per-
sonal communication, April 1993) and may be subject to revisions as the Task 1 Report is finalized.
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Thurston County Shoreline

Total Shoreline 1
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Armored Shoreline 3

1977 . 1993

Shoreline Length (x 1000 §)

—
N oG @
o 8385383888
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1} Exclusive of City of Qlympia.
2) Data for 1977 subject to revigion.
3) Armoring doubled in 17 years.

Figure 6-1
Thurston County
Shoreline Armoring
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Similar surveys from other counties bordering Puget Sound would be extremely useful but
are not available. Armoring inventories would be expected to differ among counties
reflecting different regional industries, county standards, and the work of local bulkheading
contractors.

Other Examples

The best regional example of documented cumulative physical impacts, from both hard and
soft shoreline protection methods, comes from Ediz Hook, Clallam County, and has
already been described in Section 5. :

Good (1992) presents another interesting data set on the cumulative impacts of shore pro- .
tection structures (SPSs, typically riprap revetments or low seawalls) built along the ocean-
front dunes and seacliffs on the Siletz littoral cell (drift sector) on the central Oregon
Coast. This shoreline is the most intensively developed along the Oregon Coast with
70 percent of some 900 buildable oceanfront lots developed. It is also one of the most
erosion-prone areas of the coast.

From 1967 through 1992, the cumulative length of shore protection structures increased
from 2.0 miles to 6.8 milés, or 49 percent of the 14-mile-long beachfront in the littoral
cell. Incremental bulkheading increased in years following El Nifio events, typically
marked by major storms and severe erosion episodes.

Study results suggest that long-term cumulative impacts are potentially among the most
serious concerns for a littoral cell like the Siletz, for cliff-supplied sand is a major con-
tributor to the sand budget. As SPSs cut off the cliff-supplied sand, the beaches are nar-
rowing and episodic erosion is increasing. Between 1967 and 1992, bulkheading “locked
up" 39 percent of the annual sand supply previously available to the beach from the cliffs.

By the year 2050, Good estimates that further SPS’s will have "locked up” 56 percent of
the sand supply and the threat of coastal erosion will be increasing.

Another study of shoreline cumulanve impacts involves bank erosion on Sauvie Island,
between miles 99 and 100, on the Columbia River (U.S. Army Corps 1986). Cumulative
increases in pile dike construction (1915 to 1940), followed by riprap bank protection
(1960 to 1985), along with annual river dredging led to mcreasmg sediment starvation and
severe bank erosion on Sauvie Island.

McDonald and Patterson (1985) reported results of comprehensive beach profile surveys
carried out over 20 years along the city of Gold Coast, Australia. Comparisons show the
cumulative effects of seawalls, groins, training walls, and beach nourishment projects.
Steepness of profiles in front of a seawall tended to increase with time. They concluded
that seawalls’ impact on beaches "is largely dependent on their location on the beach pro-
file. The further seaward they are constructed, the greater their influence and the less
likely will a usable beach be maintained in front.” This is consistent with Weggel’s (1988)
concept of interaction of the structure and beach. It justifies the regulatory preference for



keeping shore armoring high in the profile. They also concluded that on the persistently
eroding shores they studied, "the receding beach line has effectively placed the seawall
progressively further and further seaward on the beach profile until no beach exists at all in
front of the wall.” This is consistent with Dean’s (1986) observation that, "the behavior of
a beach in nature is dependent primarily on the amount of sand in the nearshore system as
compared to that for the equilibrium profile.”

Tracking cumulative growth in bulkhead and seawall construction and monitoring resulting
impacts is rarely done. Some information on the California coast reported by Griggs
(1987) will be useful to future studies of cumulative impacts. In 1971 the Corps of Engi-
neers documented 1,476 km of eroding coastline, with 124 km critically eroding. A total
of 43 km of shoreline were protected by structures. In 1977 the Department of Navigation
and Ocean Development reported that 170 km of shoreline were eroding critically enough
to threaten present development. An additional 506 km of shoreline were eroding fast
enough to threaten future development. At that time, 186 km of shoreline were protected
by structures. If the information could be reduced with similar criteria regarding critical
erosion and erosion that is not critical, the extent of erosion and of protection structures
could be known at two points in time. Sediment budget and site specific information would
be needed in future assessments, but the escalation of shore erosion and shore protection
could be tied together. It is realized that quantitative relationships developed on open coast
sandy shores could not be applied directly in Puget Sound, but they could guide investiga-
tors in making inferences. |

Cumulative effects of shore protection structures may be interpreted from the sequence of
structural responses reported by Reynolds (1987) at the northern end of Marco Island, on
the south Florida Gulf Coast. It is a mesotidal environment, with a net longshore transport
rate of 26,400 cubic yards per year from north to south with a strong seasonal variation.
From aerial photographic interpretation of five intervals between 1926 and 1981, it was
determined that the shoreline in the study area was accreting in the period 1926-1962, and
retreating after 1962. The first condominiums were constructed there in 1966, along with
the first shore structure. It was a landscape wall approximately 2 feet high and set about
50 feet landward from the MHW contour position. Adjacent condominiums were built in
1968, 1970, and 1972. The sequence of shore structure installation shows the escalation of
engineering efforts to protect the condominiums. In 1970, the first landscape wall was
replaced with a retaining wall. In 1972, it was replaced with a seawall and at the adjacent -
two sites the retaining wall was moved back 50 feet. In 1973, the first seawall was
" destroyed and rebuilt. In 1974 the adjacent seawalls were repaired. In 1975 rock revet-
ment was added to the first location, and in 1976, the seawall was moved back 40 feet and
riprap was added. In 1980 and 1983 adjacent seawalls were repaired and heightened. At
the present, a 7-foot seawall, protected by rip-rap, fronts the five condominiums and there
is no beach.

Regional factors enter into the analysis of this sequence of events. It is unknown if con-
struction began with unlucky timing just at the start of an erosional cycle, or if dynamics of
an updrift ebb tidal shoal was the dominant influence at this site, or if indeed the presence



“of the structures did cause the need for escalating protection. Reynolds drew two conclu-
sions from the study, however, that are worthy of consideration in Puget Sound. Structural
response to beach erosion is generally an escalation of engineered structures, with an inevi-
‘table loss of the beach. Mistakes of improper placement of structures can be avoided by
careful study of historical shoreline change and geomorphological processes.

100257C2.SEA -
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Section 7
Conclusions and Research Needs

Summary of Study Conclusions

This section brings together some of the principal conclusions reached during the course of
this study. The reader’s attention is also directed to the conclusions that follow each
impact subsection in Section 4 and the summaries that follow some of the major case
studies in Section 5.

1.

Traditional studies of waves and beaches have focused on academic interests in
general shore zone erosion and sediment transport mechanisms and on engineering
concerns about the success or failure of coastal structures. Studies of shore protec-
tion impacts on physical and biological beach processes are much more limited. A
recent comprehensive annotated bibliography of shore protection physical impact

studies (Kraus, 1988) cited only about 40 studies worldwide.

In developing a general understanding of shore protection impacts on beaches, it is
important to distinguish between naturally sediment-starved coastlines experiencing
regional erosion and retreat versus stable equilibrium coastlines with an abundance
of beach sediments, The impacts of shoreline armoring are likely to be very differ-
ent between the two cases.

There is broad-based general agreement that the physical impacts of "hard" solu-
tions to coastal erosion concerns—i.e., shoreline armoring~include sediment im-
poundment (which has the potential for significant downdrift impacts), beach
narrowing, and shore profile lowering. All three impacts have been described from
numerous widely distributed field sites as well as from theoretical and modeling
studies. Very few of these studies have been conducted in Puget'Sound, however.

Other major physical impacts discussed here—i.e., sediment coarsening, ground-
water impacts, and loss of large ‘organic debris (LOD)—have not been studied
systematically and generally receive only limited attention. In fact, these impacts
may have very significant physical and ecological implications, especially for Puget
Sound.

A significant conclusion of many shore armoring/beach irnpact studies is that the
level of physical impacts increases significantly as armoring is placed successively
waterward of OHWM. Structures located landward of OHWM generally cause
minimal impacts to the beach. Maximum net erosion impacts are noted when
armoring structures are placed on the beach about three-fifths of the distance from
wave breakpoint to the still waterline (Kraus, 1987).
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12.

Dimensional relationships describing shore protection impacts—e.g., the length,
breadth, depth, or volume of beach erosion versus wall length, wave height, or
sediment type—remain poorly documented, and broad-based quantitative generalities
have yet to emerge.

There is a fundamental difference in the physical impacts likely to result from
"hard" and “soft" solutions to shore protection. Hard solutions—seawalls, bulk-
heads, and revetments, for example—protect the land behind them, but not the
beach that fronts them. In addition to impoundment impacts, hydraulic impacts

- resulting from increased turbulence in front of the "hard" armoring can cause beach

narrowing, profile lowering, and sediment coarsening. Soft solutions—beach nour-
ishment, for example—can also result in impoundment of back-shore sediment
sources and may involve direct burial of a portion of the fronting beach with the
nourishment fill. On the other hand, soft solutions generaily avoid the hydraulic
impacts typical of hard solutions,

To date, most ﬁeld studies of shoreline armoring impacts on beaches have been
conducted at open coast sites characterized by well-sorted sandy -sediments. Fur-

. ther, most studies have examined the impacts of major storm events on coastal

structures. While this provides important data on the potential failure and redesign
of coastal structures, it does not inform us about armoring impacts on beaches
under more normal, less vigorous wave conditions. These studies do confirm that
single storm events can produce major (episodic) impacts not otherwise seen during
many years of more normal wave action.

- Nordstrom (1992) makes an excellent case that protected estuarine systems, includ-

ing Puget Sound, have their own unique beach characteristics and do not necessarily
respond simply as "scaled-down ocean systems." This implies that open coast shore
protection impacts can be translated to Puget Sound only with care and insight.

The search for documented case examples of shore protection impacts on beachies in
Puget Sound identified only a handful of sites for which some historical background
and quantitative data are available. The best documented of these, to date, include

- Ediz Hook (Port Angeles), Lincoln Park Beach (Seatt_le) Sunnyside Beach (Steila-

coom), and West Point South Beach (Seattle).

Ongoing monitoring at Lincoln Park Beach (USACOE, Seattle District) and on
Whidbey Island’s west shore (Terich and Schwartz, Western Washington Univer-
sity) will yield valuable additional data quantxfymg shoreline protection impacts
within Puget Sound.

Data c'onceming.cumulative_ impacts of shore protection remain extremely scarce.
Results from Ediz Hook; Oregon’s Siletz littoral cell, and Gold Coast, Australia, all
confirm that increased bulkheading results in cumulative impoundment of .sediment
sources that eventually leads to beach “starvation" and severe beach loss. By




analogy, significant cumulative impacts can be expected as Puget Sound drift sector
"source areas" are increasingly cut off (impounded) by cumulative bulkheading,

13, To echo Tait and Griggs (1991), an important conclusion of this study is to re-
emphasize the wide variety of interdependent factors that can influence specific
impacts of shore protection on the beach at a particular site. Beach response must
be regarded as a site-specific impact.

Future Research Needs

Much remains to be learned about shore protection alternatives in Puget Sound. General
impacts are reasonably well understood, but quantitative studies to assess. their rates, mag-
nitudes, and significance remain very scarce. While valuable insights can be gained from
coastal erosion/protection studies conducted elsewhere (see Tait and Griggs, 1991; Good
and Ridlington, 1992; and Nordstrom, 1993, for example), Puget Sound has enough unique
- characteristics that local data are needed to verify applicability of such studies to the
Sound.

it would be convenient and encouraging to say that completion of Ecology’s Coastal Ero-

sion Management Strategy study will answer the questions about shore protection impact

and spell out clear policy options to deal with such impacts. Unfortunately, such won’t be

the case! Our understanding will have been advanced and many of the arguments will be
more clearly framed—but there still remains a critical need for objective, quantitative data

to assess the potential shoreline processes and impacts discussed herein.

The following list identifies some of the most obvious and critical data needs concerning
shoreline armoring impacts in Puget Sound.

1. The lack of relevant shore protection impact data for Puget Sound needs to be more
clearly and more widely understood.

2. Thurston Regional Planning Council’s inventory of shoreline bulkheading needs to
be expanded to other Puget Sound Counties so we know how shorelines are being
changed, what’s being lost, and how fast its happening.

3. Quantitative meésurements of short- and long-term shoreline and bluff erosion rates,
and rates of net shore-drift around Puget Sound are needed to expand the presently
limited database of such measurements.

4. Terich and Schwartz’s ongoing beach monitoring studies on the southwest shore of
Whidbey ‘Island (Section 5), in which they are quantifying "before and' after”
impacts of shore armoring, need to be expanded to other Puget Sound locations.



5. Quantitative monitoring of interactions between shore protection hydraulic impacts,
- habitat characteristics,and biological community processes, need to be conducted at
appropriate carefully selected sites (see Section 3).

. 6.- - Innovative approaches to shore protection—particularly "soft" solutions (beach
nourishment) and hard/soft combination solutions—need to be installed and moni-
tored as pilot projects around Puget Sound.

7. More field monitoring needs to be conducted following installation of "hard" and
"soft" shore protection solutions to provide comparative impact data.

~ The folloWing paragraphs offer an additional_- perspective on future research needs—with a
-broader, rather different focus. :

Population trends lead to the prediction of increased human impacts in coastal counties.
Increasing value of waterfront property is usually accompanied by increasing requests to
armor the shore. The Ad Hoc Committee on Coastal Engineering Research Needs, a
committee of ASCE Coastal Engineering Research Council, stated (Dean, et al., 1991) "At
- present there is a dearth of data relative to the coastal design needs. Therefore, there is a
. great need for data collection, -analysis, and presentation of results to describe quantitatively
the physical phenomena driving coastal processes, as well as improve our understanding of
coastal processes and the effects of anthropogenic impacts on these processes.”

This committee pointed out that the largest population growth will be in California,
Florida, and Texas, so it can be fairly concluded that whatever future increase in data
‘collection and analysis there might be on a national scale will probably be slanted toward
the sand beach/outer coast environment. The points made by the committee are still valid,
but there is little hope that activities prompted by the committee will benefit management
activities of erosion in Puget Sound. Yet, as clearly noted by Nordstrom (1993), estuarine
beaches such as those of Puget Sound require and deserve their own separate research
agenda. ‘

- Wiegel (1992) stated "Coastal engineers and scientists have put too much of their research
effort into studies of small scale hydraulic models and numerical models, rather than
making full-scale studies. Field studies show the complexity of wave action that can occur
- at revetments. Complete field experiments are needed, not the partial experiments that so

.- many of them have been."

Referring to the Griggs and Tait (1991) studies in Monterey Bay, Weigel states, "It is
- important for this type of field research to be expanded.” Studies of the scale of those in
Monterey Bay should be adapted to Puget Sound shorelines.

Detaiied investigation of turbulence and sediment movement in the vicinity of armoring
would clarify understanding of local processes, and should be carried out at a site the
history of which is well documented. Efficiency could be best achieved by remotely



measuring surf characteristics and beach responses. A video image processing technique
developed by Holman for coastal applications (Lippmann and Holman, 1989) has been
shown to be a reliable method to remotely measure nearshore morphology. This method
and other instrumentation should be investigated for application to the problem of wave
interaction with armoring at Puget Sound beaches. :
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Accretion. May be either natural or artificial. Natural accretion is the buildup of land,
solely by the action of the forces of nature, on a beach by deposition of water- or airborne
material. Artificial accretion is a similar buildup of land by reason of an act of man, such
as the accretion formed by a groin, breakwater, or beach fill deposited by mechanical
means.

Alongshore. Parallel to and near the shoreline; Longshore.

Artificial Nourlshmeut The process of replemshmg a beach with material (usually sand)
obtained from another locauon

Backrush. The seaward return of the water following the uprush of the waves.

Backshore. That zone of the shore or beach lying between the foreshore and the coastline
comprising the berm or berms and acted upon by waves only dunng severe storms, espe-
cially when combined with exceptionally high water.

Bar. A submerged or emerged embankment of sand, gravel; or other unconsolidated
material built on the sea floor in shallow water by waves and currents.

Beach. The zone of unconsolidated material that extends landward from the low water line
to the place where there is marked change in material or physiographic form, or to the line-
of permanent vegetation (usually the effective limit of storm waves). The seaward limit of
a beach—unless otherwise specified—is the mean low water line. A beach includes Fore-
shore and Backshore. See also Shore.

Beach Berm. A nearly horizontal part of the beach or backshore formed by the deposit of
material by wave action. Some beaches have no berms, others have one or several.

Beach Planform. The general shape of the beach as seen from above; horizontal plan of
beach.

Beach Profile. A vertical cross section of a beach measured perpendicular to the
shoreline.

Beach Strand. Beach strands are long, uninterrupted stretches of natural or‘artiﬁcially
created beach. They act as dynamic wave energy absorbers, deforming in both plan and
section to accommodate the wave conditions. Beach strands typically have wide, dry
beaches.

Bluff Toe. The face of a bluff where it meets the beach.
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Breakwater. A structure protecting a shore area, harbor, anchorage, or basin from waves.

Bulkhead. A structure or partition to retain or prevent sliding of the land. A secondary
purpose is to protect the upland against damage from wave action.

Diffraction. Bending of the direction of propagation of a wave when it meets an obstacle.
‘Downdrift. The direction of predominant movement of littoral materials.

Drift Sector (also known as a Drift Cell or Littoral Cell). A segment of shoreline along
which littoral, or longshore, sediment movement occurs at noticeable rates. It allows for
an uninterrupted movement, or drift, of beach materials. Each drift sector includes: a
feed source that supplied the sediment, a driftway along which the sediment can move, an
accretion terminal where the drift material is deposited, and boundaries that delineate the
ends of the drift sector.

Extreme Low Water. The lowest elevation reached by the tide as recorded by a tide
gauge during a designated period, ideally a 19-year record. In Puget Sound areas, gene-
rally, this point has been determined to be 4.50 fcet below the datum plane of mean lower
low water (0.0 tide level).

.Feeder Bluff. An eroding shoreline bluff that supplies sedimentary material to downdrift
shorelines.

Feich. The horizontal distance (area) in which waves (seas) are generated by a wind hav-
ing a fairly constant direction and speed Sometlmes used synonymously with Fetch
‘Length.

Foreshore. The part of the shore that (1) lies between the crest of the seaward berm (or
upper limit of wave wash at high tide) and the ordinary low-water mark, and (2) is ordi-
narily traversed by the uprush and backrush of the waves as the tides rise and fall.

Gabion. A wire mésh box filled with smaller sized stones but constrained by the mesh to
act as a monolithic unit.

Groin. .A shore protection structure built (usually perpendicular to the shoreline) to trap
littoral drift or retard erosion of the shore. Groin field. A series of groins acting together
to protect a section of beach.

High Water Line. The intersection of the plane of mean high water with the shore The
shoreline delineated on the nantical charts of the National Ocean Service is an approxi-
mation of the high water line. For specific occurrences, the highest elevation on the shore
reached during a storm or rising tide, including meteorological effects.
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Higher High Water (HHW). The higher of the two high waters of any tidal day. The
single high water occurring daﬂy durmg penods when the tide is diurnal is considered to be
a higher high water.

Higher Low Water (HILW). The higher of two low waters of any tidal day.

Hindcasting, Wave, The use of historic synoptic wind charts to calculate characteristics
of waves that probably occurred at some past time.

Jetty. A structure extending into a body of water designed to prevent shoaling of a chan-
nel by littoral materials and to direct and confine the stream or tidal flow. Jetties are buiit
at the mouths of rivers or tidal inlets to help deepen and stabilize a channel.

Leeward. The direction toward which the wind is blowing; the direction toward which the
waves are traveling.

Littoral. Of or pertaining to a shore, especially of the sea.
Littoral Cell. See Drift Sector.

Littoral Current. Any current in the littoral zone caused primarily by wave action, e.g.,
Longshore Current, Rip Current.

Littoral Drift. The sedimentary material moved in the littoral zone under the influence of
waves and currents. '

Littoral Transport. The movement of littoral drift in the littoral zone by waves and cur-
rents. Includes movement parallel (longshore transport) and perpendicular (on-offshore
transport) to the shore.

Loa&. The quantity of sediment transported by a current. It includes the suspended load
of small particles and the bedload of large particles that move along the bottom.

Longshore. Parallel to and near the shoreline; Alongshore.

Longshore Current. The littoral curreht in the breaker zone moving essentially parallel to
the shore, usually generated by waves breaking at an angle to the shoreline.

Lower High Water (LHW). The lower of the two high waters of any tidal day.
Lower Low Water (LLW). The lower of the two low waters of any tidal day. The single

low water occurring daily durmg periods when the tide is diurnal is considered to be a
lower low water.



Mean Lower Low Water (MLLW). The average of the lower low water elevation of
each pair of low waters of a tidal day, ideally measured over a 19-year period. 0.0 tide
level has been determined by U.S. Coast & Geodetic Survey to be mean lower low water.
All other tidal elevations are based on this datum.

Mean Sea Level. The average height of the surface of the sea for all stages of the tide
. over a 19-year period, usually determined from hourly height readings.

National Geodetic Vertical Datum (NGVD 1929). For marine applications a base eleva-
tion used as a reference from which to reckon heights or depths.

Nearshore Current System. The current system caused primarily by wave action in and
near the breaker zone, and which consists of four parts: the shoreward mass transport of
. water; longshore currents; seaward return. flow, including rip currents; and the longshore .
movement of the expanding heads of rip currents.

Nourishment. The process of replenishing a beach. It might bé brought about natufally
by longshore transport, or artificially by the deposition of dredged materials..

Ordinéry High Tide. Same as mean high tide or the average of the upper line of tide
water flow. In Puget Sound, the mean high tide line varies from 10 to 13 feet above the
datum plane of mean lower low water 0.0. |

Ordinary High Water Mark (OHWM) A Washington State legal term used in the
Shoreline Management Act and Fisheries Hydraulic Code:

"[T]hat mark that will be found by examining and ascertaining where the

- . presence and action of waters are so common and usual, and so long contin-

ued in all ordinary years, as to mark upon the soil a character distinct from

the abutting upland, in respect to vegetation as that condition exists on

. June 1, 1971, as it may naturally change thereafter, or as it may change

thereafter in accordance with permits issued by a local government or the

department {of ecology}: provided, that in any area where the ordinary high

water mark cannot be found, the ordinarily high water mark adjoining salt
water shall be the line of mean higher high tide... RCW 90. 58 030(2)(b)."

Perched Beach A beach or fillet of sand retamed above the otherwme normal shore
profile level by a submerged dike. :

Percolation. The process by which water flows through the interstices of a sediment.

.. Specifically, in wave phenomena, the process by which wave action forces water through

the interstices of the bottom sediment and which tends to reduce wave heights_.

Pile. A long, heavy timber or section of concrete or metal to be driven or jetted into the
earth or seabed to serve as a support or protection.
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Profile Deflation. Lowering of the beach profile (elevation) due to erosion.
Quarrystone. Any stone processed from a quarry.

Reflected Wave. That part of an incident wave that is returned seaward when a wave
impinges on a steep beach, barrier, or other reflecting surface.

Reflection Coefficient. Percentage of wave enérgy (expressed in terms of wave height)
that is reflected back to sea. '

Refraction (of water waves). (1) The process by which the direction of a wave moving in
shallow water at an angle to the contours is changed: the part of the wave advancing in
shallower water moves more slowly than that part still advancing in deeper water, causing
the wave crest to bend toward alignment with the underwater contours. (2) The bending of
wave crests by currents.

Return Walls, Walls built at the terminal ends of bulkheads, perpendicular to the bulk-
head face, that securely anchor the bulkhead to the native shoreline and prevent end
erosion.

- Revetment. A facing of stone, concrete, or other material built to protect a scarp,
embankment, or shore structure against erosion by wave action or currents.

Riprap. A protective layer or facing of quarrystone, usually well graded within wide size
limit, randomily placed to prevent erosion, scour, or sloughing of an embankment or bluff;
also the stone so used.

Rubble-Mound Structure. A mound of random-shaped and random-placed stones pro-
tected with a cover layer of selected stones or specially shaped concrete armor unifs.
(Armor units in a primary cover layer may be placed in an orderly manner or dumped at
random.)

Run-up. The rush of water up a structure or beach on the breaking of a wave. Also
Uprush, Swash. The amount of run-up is the vertical height above still-water level to
which the rush of water reaches.

‘Scarp, Beach. An almost vertical slope along the beach caused by erosion by wave
action. It may vary in height from a few centimeters to a meter or so, depending on wave
action and the nature and composition of the beach.

Scour. Removal of underwater material by waves and currems especially at the base or
toe of a shore structure.




Seawall. A structure separating land and water areas, primarily designed to prevent ero-
sion and other damage as a result of major wave action, and usually incorporating special
geometric shapes for redirecting wave energy. See also Bulkhead.

Sheet Pile. A pile with a generally slender flat cross section to be driven into the ground
or seabed and meshed or interlocked with like members to form a diaphragm, waII or
bulkhead.

Shingle. (1) Any beach material coarser than ordinary. gravel, especially any having flat or
flattish pebbles. (2) Beach material of smooth, well-rounded pebbles that are roughly the
same size. The spaces between pebbles are not filled with finer materials. Shingle often
gives out a musical sound when stepped on. ‘

Shoreface. The narrow zone seaward from the low tide shoreline, covered by water, over
which the beach sands and gravels actively oscillate with changing wave conditions.

Shoreline. The intersection of a specified plane of water with the shore or beach (e.g., the
high water shoreline would be the intersection of the plane of mean high water with the
shore or beach). The line delineating the shoreline on National Ocean Semce nautical
charts and surveys approximates the mean high water line.

Stormn Surge. A rise above normal water level on the open coast due to the action of wind
stress on the water surface.

Tidal Flats. Marshy or muddy land areas that are covered and uncovered by the rise and
fall of the tide.

Toe. Lowest part of bluff, bank, or shoreline structure, where a steeply slopmg surface
meets the beach.

Training Wall. A wall or jetty to direct current flow.

Undercutting. The removal of material at the base of a steep slope or cliff by erosive
action of waves or running water. .

Updrift. The direction opposite that of the predominant movement of littoral materjals.
Wave Energy Flux, Transfer of energy from-wave motion to sediment movement.

‘Wave Peried. The time for a wave crest to traverse a distance equal to one wavelength.
The time for two successive wave crests to pass a fixed point.

Wetlands (Biological). Lands transitional between terrestrial and aquatic systeins where
the water table is usually at or near the surface or the land is covered by shallow water.



Wetlands (Federal Jurisdictional). Land forms that support, under normal conditions, a
predominance of hydrophytic (wetland) vegetation, hydric (wetland) soil types, and wetland
hydrology. Typically, they are jurisdictionally defined as: "Those areas that are inundated
or saturated by surface or groundwater at a frequency and duration sufficient to support,
and that under normal circumstances do support, a prevalence of vegetation typically
adapted for life in saturated soil conditions (Federal Interagency for Wetland Delineation,
1989)." : |
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