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Abstract
Stabilization structures are the most commonly used form of shore protection along the
Oregon coast. Eighty-five percent of the hard stabilization structures built in Oregon
from 1976 – 1999 were riprap revetments. An evaluation was conducted of 143 riprap
revetments in the northern three counties of Oregon. Clear trends exist in the distribution
and demand for shore protection structures in Oregon with 78% of structures evaluated
built immediately following an El Nino event and 55% of structures built in southern
ends of littoral cells, indicating that erosion is not entirely unpredictable. The Oregon
Parks and Recreation Department (OPRD) has the ultimate responsibility of issuing
permits for the construction of riprap revetments. Although previous studies have shown
that adverse impacts may be associated with the improper design of structures, OPRD
does not regulate the structure design. The question has been raised whether design
standards are practiced if not regulated and if design should be regulated. Sample sites
were individually evaluated based on five criteria that have been identified as critical to
the structural integrity of a structures: height of structure, size of rock, slope of structure,
texture and shape of material, the use of filter material and a toe trench, and whether the
material was placed in an interlocking structure. Variations exist in the compliance with
the individual elements. An analysis of overall structure stability, as determined by the
evaluation of permit applications, revealed that 59% of structures are built according to
the minimum necessary requirements while 14% were designed to a higher set of
standards. There is some variation in the quality of structures designed by specific
groups with contractors slightly more likely than engineers to design structures to higher
standards and both engineers and contractors far more likely than individual homeowners
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to respect engineering recommendations. Little change in compliance with
recommended engineering standards has been seen throughout time. In general, not
enough information is given during the application process for shore protection structures
to determine if engineering standards are implemented.

vii

INTRODUCTION

With hundreds of miles of beaches for all to enjoy, it is not a surprise that
development pressures are increasing along the Oregon coast. Visitors come during the
summer to witness warm and sunny weather and to enjoy the wide sandy beaches. These
conditions invoke in many an emotional desire to own a home on the Oregon coast.
Throughout the past few decades, development along the coast has become increasingly
dense. This is especially the case along the northern Oregon coast, which is easily
accessible from Portland, the States largest city. Summer homes and hotels spring up along
the coast, while storms still occur as they did prior to development. Now, however, the
natural cycles of the beach often become a problem to structures standing in the way.
The objective of this study is to determine if the current regulations governing the
construction of shore protection structures are adequate by examining whether design
standards recommended by engineers are recognized, although not required, and if
regulatory design standards are needed. A second function of this study is to describe the
occurrence and distribution of coastal armoring in order to better predict future erosion
events and protection needs.
As demands to protect private property increase, so does the rate of construction of
shore protection structures. In Oregon, riprap revetments have seen the most widespread
use for protecting developments against the force of an Oregon winter storm event. While
riprap prevails as the shore protection method of choice among property owners, little
attention has been given to the design of such structures and the impacts that may be
incurred as a result of their design.

BACKGROUND
Geologic Setting
The northwest coast of the United States is a tectonically active margin. The Juan
de Fuca and Gorda Ridges, both sites of active sea-floor spreading, are located directly
offshore. As spreading occurs at these ridges, the Juan de Fuca and Gorda plates are
pushed in a generally eastward direction and collide with the North American plate along
the coasts of Washington, Oregon, and Northern California. Here the denser oceanic crust
is being subducted below the less dense continental crust of the North American plate
(Figure 1).

Figure 1. Tectonic setting of the Pacific Northwest Coast (Komar, 1997).
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As this process has occurred over thousands of years, sediments from the oceanic plates
have been scraped off during subduction and deposited on the continent to produce a
westward growth of the Pacific Northwest Coast. Characteristic of an active margin, the
Oregon coast has a narrow continental shelf and is a volcanically and seismically active
region.
An area of active subduction, most of the Oregon Coast is experiencing tectonic
uplift at a greater rate than the sea level is rising (Komar, 1997). Uplift is greatest at the
northernmost extent of the coast near Astoria and along the southern coast south of Coos
Bay, areas where relative sea levels are lowering (Figure 2). Between Cannon Beach and
Coos Bay, however, the land is being submerged by the sea at a rate of about 1-3 mm/yr
because this region is tectonically stable and thus the rising sea level is engulfing it (Komar,
1997).
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Figure 2. Rates of emergence of land along the Oregon coast relative to sea level (Komar,
1997).
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The Oregon Coast consists of a series of littoral cells defined by rocky headlands,
which project into the sea. Headlands are generally composed of more resistant rocks,
mainly basalt, and thus are less easily eroded, making them the most prominent features
along the Oregon Coast. Beaches are contained between the rocky headlands to form a
series of pocket beaches or littoral cells. There are 22 distinct littoral cells along the
Oregon Coast, which are backed predominately by cliffs, dunes, and uplifted marine terraces
(Byrne, 1964).
Sediments are supplied to the beaches predominately from erosion of sea-cliffs and
marine terraces. Clemens and Komar (1988) showed that erosion of Pleistocene beach
sediments from marine terraces is a significant source of sediment to beaches. Sediments
are unable to move between littoral cells because of the depth to which the headlands
extend, and thus each pocket beach is a self-contained sedimentary environment.

Coastal Processes
The Northwest coast is one of the World's most dynamic environments (Komar,
1997). Coastal erosion in Oregon is episodic and extensive changes in the profile of a
segment of beach may occur with little warning, threatening homes and other developments.
The winter months are the most intense time of erosion in Oregon and it is important to
understand the processes operating in the coastal zone because erosion is largely dependent
upon them.
Erosion on the Oregon coast experiences marked seasonal variations. During
summer months, the weather is warm and dry, but winters bring heavy rains and strong
winds. This seasonal shift in weather results in a similar shift in the wave climate because
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wind energy associated with winter storms is the primary factor responsible for wave
generation (Komar, 1998a).
As a result of the changing wave conditions, beach profiles also change with the
seasons. The intensity of winter storms causes beaches to narrow as sediment is carried
offshore where it is stored as bars in the breaker zone. As this occurs, the beach becomes
more dissipative and better able to defend itself from wave attack. In general, during the
winter months the beaches tend to become more gently sloping as sediment is transported
offshore, and then returns with summer to form wide sandy berms (Figure 3).

swell (summer) profile
swell profile shoreline
mean water level

bar
bar

trough /

storm (winter) profile

Figure 3. Summer versus winter beach profiles (Komar, 1998a).

The slope and width of the beach are important factors in controlling the impacts of
erosion. The breaking point for waves occurs where the wave height is approximately equal
to the water depth. Consequently, on a dissipative beach with a shallower slope, waves will
break farther offshore and have more area over which to dissipate their energy. On more
steeply sloping reflective beaches, the point at which the wave height is equal to the water
depth is closer to shore. Thus more energy is maintained when the shoaling wave hits the
beach, so the same amount of wave energy has greater impact. In general on a wider, more
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gently sloping beach the waves will not reach the property but on a narrower, more steeply
sloping beach the waves will be more likely to come in contact with properties, resulting in
an increased threat of property damage due to wave attack.
Grain size plays an important role in determining the slope of the beach (Komar,
1998a). In general coarser-grained beaches have steeper slopes. The initial energy
associated with the wave swash moves the sediments up the slope of the beach, but then
energy is lost as water percolates down through the sediments. The result is that less
energy remains to move the sediments back down the face of the beach, so the slope will be
greater than on a beach composed of fine-grained particles having a lower porosity.
Another process contributing to erosion is the movement of water in the nearshore.
Waves reaching the beach generate currents. The direction of the current is dominated by
the angle at which the waves encounter the beach. In Oregon, waves generally reach the
beach with their crests nearly parallel to the shore. Currents flow along the shore for a
short distance until they encounter another current, at which time they collide, both flowing
seawards as a rip current (Figure 4). Rip currents carry sediment offshore, creating troughs
in the beach known as rip embayments. Rip embayments tend to form erosion hot spots as
they create a zone in which waves may break closer to land, focusing the wave energy and
resulting erosion in smaller areas.

6

';
\ PIP ''
/!£Al2

r

el
1%1
+ At

RETURN FLOW

‘1.-4
I

BREAKER ZONE
LOAIGSHORE CURRENTS
.■1■.

S*

Figure 4. Cell circulation creating a series of rip currents (Komar, 1997).

When waves hit the shore at an angle they form nearshore currents that flow in one
predominate direction. The currents transport sediment parallel to the shore as longshore
drift. In Oregoth winds typically come from the southwest during the winter and northwest
in the summer. This seasonal reversal in wind directions coincides with a reversal in the
direction of longshore drift, resulting in a net sand movement of zero when averaged over
several years.
A final factor contributing to the increased rates of erosion on the Oregon coast
during the winter relates to the ocean currents flowing parallel to the coast. During the
summer currents flow from the north and are directed offshore by the Coriolis Force,
resulting in upwelling of cooler water along the coast. The result is a lowering of the water
level because of the increased density of the cooler water. During the winter, warmer
waters flow from the south and are directed onshore by the Coriolis Force, causing the
water level to be elevated as it slopes upward towards the shore. Water levels are further
increased due to the thermal expansion of the warmer southern waters, resulting in elevated
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tides and bringing storm wave energy in closer contact with developments (Komar, 1997).

El Nifio's Role in Coastal Erosion
In recent years, researchers have begun to gain a better understanding of the role
that El Nino plays in coastal erosion. As described earlier, storm generated waves, high
tides, increased sea levels, rip currents, and alongshore movements of sediment are all
processes involved in coastal erosion. During an El Nino event these processes are
intensified (Komar, 1998b).
During an El Nino event, higher than expected water levels are the most significant
factor affecting erosion patters in Oregon (Komar, 1998b). Elevated tides, up to half a
meter higher than predicted, are the result of a breakdown in the equatorial Trade Winds.
Under normal conditions the equatorial Trade Winds cause the water of the Pacific to be
elevated at the western extent of the ocean. When the trade winds cease the water sloshes
back along the equator towards the eastern side of the basin as a sea level wave (Figure5).
When it reaches the coast of South America, the warm wave splits and one half moves
north while the other moves south, raising water levels and temperatures along the west
coast of North and South America.
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Figure 5. Top diagram depicts normal conditions where trade winds create a bulge in water
at the western extent of the ocean basin. Bottom diagram depicts the effects of a cessation
in the equatorial Trade Winds (Komar 1988b).
In addition to the slack in the Trade Winds, water temperatures during an El Nino
tend to be warmer while the northward current along the West Coast of the United States is
faster. Both elements contribute to higher winter water levels due to thermal expansion and
intensified geostrophic flow at higher latitudes. During the 1982-83 El Nifio, water levels
were elevated 20-40 cm. above the average. During January and February of 1998, water
levels reached 35-40 cm. above the average (Komar, 1998b). The effect of higher water
levels is that the shoreline moves landward, placing developments in closer proximity to
breaking waves thereby magnifying the impacts of winter storm events.
Another characteristic of El Nifio is a southerly displacement of the storm system
(Komar, 1998b). The result is that storms cross the south-central coast of California
causing waves to reach the Oregon coast from the southwest. El Nino storms transport
sediment alongshore to the north, scouring sand from the southern ends of littoral cells and
redistributing it in the northern ends. Combined with the elevated water levels characteristic
9

of an El Nino climate event, storms during this time create hotspot erosion at the southern
ends of littoral cells and north of tidal inlets (Komar, 1986 and Komar, 1998b). Sediment is
maintained at the northern end of the cell and eventually summer waves, from the
northwest, will redistribute the sand. However, following the 1982-83 and 1997-98 El
Nitios this re-equilibration did not occur immediately and storms during the following
winters caused further erosion (Komar, 1996 and Komar, 1998b).
Converse to El Nino, during a La Nifia, water levels are closer to normal, but the
storm systems pass directly over the Pacific Northwest causing an increase in wave energy
(Figure 6). While the impacts of El Nino events are felt chiefly in hot-spot areas, the La
Nina of 1998-99 resulted in severe erosion throughout the coast (Komar et al., in press).
Although the effects of a La Nifia are more widespread, when La Nina is preceded by El
Nino, erosion may be especially devastating in the southern ends of littoral cells where the
sand has been removed causing the beach to lose its buffering ability.

0.70
0.60

Monthly Mean Sea Lever,
South Beach Yaquirta Bay, OR

0.50
0.40
0.30
0.20
0.10
0.00

Average (1967-99)
1982-83
1997-98
-0- 1998-99

-0.10 -0.20

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
Month

Figure 6. Illustrates anomalous water levels along the Oregon coast during the 1982-83 and
1997-98 El Nino events as compared to average water levels and those associated with the
1998-99 La Nifia. Peaks during La Nifia represent storm surges (Komar et al., in press).
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In addition to the previously recognized processes associated with El Nino and La
Nina events, recent work has shown that ocean wave heights are increasing in the Eastern
Pacific (Allan and Komar, in press). The previously estimated 100-year significant wave
height of about 10m was attained during one storm event of the 1997-98 El Nifio and four
events during the 1998-99 La Nina with one storm producing a significant wave height of
14m. Waves measured off the coast of Washington revealed a 0.042 m/yr increase for a 25year period (Figure 7).
A latitudinal dependence was found in the wave height increase with mid-latitudes along the
Pacific Northwest coast experiencing the greatest increase (Komar et al., in press). Komar
and others (in press) have also shown an increase in wave period, which would result in
increased wave energy reaching the coast. These changes will mean increased rates of
erosion along the Oregon coast.
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Figure 7. Changes in wave heights seen at the Washington and Pt. Arguello, California
wave buoys over a 25-year period (Komar et al., in press).
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EROSION RESPONSE ALTERNATIVES

Coastal erosion is a natural process, but when development occurs in its path it
becomes a problem for property owners. Several alternatives have been identified as
possible responses to the threat posed by erosive processes. These include: retreat or
relocation, beach nourishment, stabilization structures, or any combinations of above
elements (Komar, 1998). These options are reviewed here, ordered from the most passive
to the most active in terms of hardening or fixing the position of the shoreline.

Retreat or Relocation
Relocation or retreat is the softest technique in which existing structures are moved
landward to gain a buffer between the structure and the eroding shoreline. This option is
rarely implemented, although in many instances it might represent a more cost effective
approach than other means of hazard alleviation, and would also deliver longer-term
protection.

Beach Nourishment
Beach nourishment is a form of shore protection, which maintains the natural
appearance of the shore. Fill material may be brought in from an inland source or dredged
from offshore. The material may be deposited in the nearshore in several different ways,
depending on the regional sedimentary processes and where it will be conserved most

12

completely or have the greatest benefit to the beach. The goal of beach nourishment is to
restore a beach that will protect upland property from storms and maintain an area to be
used for recreation.

Stabilization Structures
A variety of structural alternatives exists for stabilizing a shoreline. Shore
protection structures are used to stabilize the backshore or to maintain the foreshore and
beach. These are often termed hard alternatives because they occupy a fixed position rather
than responding to the dynamic nature of the natural shoreline. Stabilization structures
include: riprap revetments, seawalls, groins, or breakwaters. The type of stabilization
structure built should be based on: foundation conditions, exposure to wave action,
availability of materials, initial and expected repair costs, and past performance of structures
used in the area (COE, 1984).
A groin, Figure 8, is a structure built perpendicular to the shore, and is intended to
retard longshore movement and thereby trap sand. Groins cause the beach to build-out on
the updrift portion of the beach and erode downdrift of the structure, commonly creating a
need for a series of groins along the beach. When the updrift pocket is filled, sand will then
bypass that section and contribute to the sediment supply downdrift.
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Figure 8. A series of groins illustrating the tendency to trap sediment (Komar, 1998a).

Breakwaters, Figure 7, are a structural method of shore protection that are
constructed offshore. Breakwaters are built parallel to the beach to dissipate wave energy.
By decreasing the energy of the waves, less sediment is transported and the beach directly
behind the breakwater will build out. Commonly sediment accretes to the extent that the
breakwater becomes connected to the shore, resulting in a structure analogous to a groin.
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Figure 9. Schematic drawing of a breakwater, illustrating the typical response of the beach

(COE, 1981).

Seawalls and revetments are the most commonly used shore protection structures,
on the Oregon coast as well as elsewhere. Both are built parallel to the shoreline, at the
back of the beach, for the purpose of protecting upland properties from wave attack.
Seawalls, Figure 10, are massive structures typically built of concrete or wood. A seawall's
vertical face reflects wave energy back out to sea. The reflection may cause scour on the
fronting beach, thereby exacerbating erosion (COE, 1981).
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Figure 10. Wooden seawall (Courtesy of Paul D. Komar).

Riprap revetments (Figure 11,12) are sloping structures built adjacent to properties
and are constructed of large quarry rocks, which are intended to dissipate the wave energy.
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Figure 11. Typical riprap revetment Lincoln City, OR.
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Figure 12. Riprap Revetment

Scour should be less prevalent with riprap revetments because they allow water to percolate
between the rocks, dissipating some of the wave energy. Both seawalls and revetments
protect only the land immediately behind them, and offer no protection to adjacent areas.
Downdrift portions of the beach may experience increased erosion if they were formerly
supplied with sediment from the area now being protected (COE, 1981). There is a life
expectancy inherent in the construction of revetments: on average they are designed to
survive approximately 25 years, but this is highly dependent on wave conditions.
Other forms of stabilizing structures have been introduced recently, many of which
are intended to retard wave energy as it enters the surf zone. However, there is currently
not enough information on their effectiveness and potential impacts to make them viable
alternatives.
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STUDY METHODOLOGY

The Oregon Parks and Recreation Department maintains records of applications for
permits to construct shore protection structures. These records date back to 1968 when the
Beach Bill was passed and regulation of development on the ocean shore began. The
purpose of the application process is to have the applicant describe the proposed project,
establish the need for the project, and consider the potential impacts of the project. Thus,
the application should contain detailed descriptions of these aspects of the proposed
projects. From the permit files, one hundred and forty-three sites were selected between
Tillamook Head and Yachats, Figure 13, on the basis of the criteria described below.
Tillamook Head C
Cannon Beach
Arch Cape
Nehaiem

)

Cape Lookout
Neskowin
Lincoln City
Depoe Bay

I

Newport

Wal dport
Yachats

Figure 13. Sites evaluated are indicated in red.
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Site Selection Criteria

•

Jurisdiction - Sites chosen include only those projects permitted under the
jurisdiction of OPRD or under the joint jurisdiction of OPRD and DSL. Permits
issued solely by DSL were not evaluated because they lack a sufficient description
of the project. In addition, DSL permits issue a standard set of requirements for
each structure, and thus little information can be obtained from their evaluation.

•

Type of structure – Riprap revetments were evaluated because they represent
85.5% of the structures built. Riprap revetments have prevailed along the Oregon
coast largely due to the availability of rock.

•

Date – Structures built from 1976 to 1999 were evaluated because this period has
the most detailed documentation.

•

Location - Structures in Clatsop, Tillamook, and Lincoln counties were included
(Figure 13). These are the northern three coastal counties in Oregon, and contain
97% of the riprap revetments in the state.

•

Permit status - Permits that were approved and where the structures were
completed were included, enabling sight inspections.

•

Emergency status – Permits approved under the regular permit process were
evaluated. Emergency permits were not evaluated because until 1998, emergency
structures were authorized verbally and an accurate record of the location of these
structures and a description of the project does not exist. Therefore, the structures
evaluated are those that involved the most planning, and should be the most
structurally sound.
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The evaluation process has primarily included an analysis of the permit applications
and the conditions imposed on the permits. Each property owner submitted a permit
application at the time the structure was requested. Each application contains preliminary
sketches of the proposed project and a list of the people involved in the project. Permit
conditions describe any information regarding the requirements made by OPRD at the time
the permit was issued. Permit conditions are important because they illustrate what elements
OPRD deems important to the design of riprap revetments, and also shows trends in permit
requirements. In addition to evaluating the permits and permit applications, 28 sites were
visited to obtain information about those elements not described through the application
process, and also to assess the longevity of the structures.
The sites were evaluated individually, based on several criteria identified as critical
to the structural integrity of a revetment including: size of rock; slope of structure; texture
and shape of material; the use of filter material and a toe trench; and the placement of the
material in an interlocking matrix. In addition, permits were evaluated on the basis of the
involvement of a registered geologist or an engineer to determine if this plays a role in the
quality of the structure.
In addition, a survey was sent to the contractors and engineers who have been active
in designing riprap revetments during the last 25 years. Responses were solicited regarding
a number of elements critical to the structural integrity of revetments. For a full list of
questions asked in the survey see Appendix B.
After the information was collected for a structure, it was entered into a shape file
created in ArcView to show the location of the structures along the coast. An attribute
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table was then created detailing the information that had been collected. Queries executed
for the data collected describe the numbers of structures meeting sets of guidelines.

21

SHORE PROTECTION STRUCTURE DEMAND

Clear trends exist in the distribution of structures among the littoral cells on the
Oregon coast (Figure 14). More than 70% of the structures are located south of Cascade
Head in the Siletz and Yaquina cells, an area representing less than half of the area studied.
The presence of shore protection structures parallels the distribution of development along
the coast. Those areas with a higher density of development are where erosion has had the
greatest impact, so that shore protection structures have been in high demand.

43%

*Cannon Beach ■Nehalem 0 Neskowin Dotter Rock ■Sand Lake ■Siletz ■Yaquina
Figure 14. Distribution of structures by littoral cell.

Several trends exist in the temporal distribution of riprap revetments along the
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Oregon coast as well. One of the most noticeable trends is that a large%age of structures
are built immediately following El Nifio events. Good (1992) showed a clear relationship
between the construction of shore protection structures and El Nino events in the Siletz
littoral cell. This is shown in Figure 15 by a noticeable increase in the length of hardened
shoreline during and immediately following El Nino events.

LENGTH IN MILES
8

76-

BEACHFRONT IN CELL • 14.0 MI
CUMULATIVE SPSs • 6.8 MI

5-
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43
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Figure 15. Length in miles of stabilized shoreline in the Siletz Littoral Cell as it relates to the
occurrence of El Nino events (Good, 1992).
The present study found that approximately 78% of structures were built in 1976-78, 1983-88, and
1999 (Figure 16). Those years are preceded by the three strongest El Nino events of the last 25
years as well as a strong La Nina event in 1998-99 (Figure 17).
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A further trend can be seen in the distribution of structures within littoral cells.
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Fifty-five% of structures are located toward the southern end of a littoral cell (Figure 18).
The remaining structures are distributed almost equally within the cell, with 19% in the
northern end of cells and 26% in the middle of cells.

25

Tillamook Head

Figure 18. Typical distribution of structures within littoral cells as illustrated by the
Neskowin Cell (top) and Cannon Beach Cell (bottom). Structures towards the southern
end are represented by yellow, structures in the middle by purple, and in the north by red.

The effects of El Nino are well represented in the position of structures within
littoral cells and also by their temporal distribution. Fifty-five% of structures are located
towards the southern end of a littoral cell and 78% of structures occurred immediately
following El Nino events. Of the structures located at the southern end of littoral cells,
83% were built during or immediately following an El Nino event. This is not surprising
because as sand is scoured from the southern ends of littoral cells during strong El Nino
events, erosion hotspots occur in the southern ends of cells. When the sediment does not
return for several years, as in the 1982-83 and 1997-98 El Nino events, these areas continue
to be more susceptible to severe erosion during storms. When a La Nina event occurs,
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erosion results throughout the cell as the associated storms pass directly over the Pacific
Northwest coast. When a La Nina follows El Nino, as occurred in 1998-99, the resulting
erosion may have an even greater intensity as a result of the combination of El Nino
associated elevated water levels and La Nifia storms. The combined effects of El Nino and
La Nifia are represented by the record-setting number of structures built in 1999 (Figure
16).
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SHORE PROTECTION POLICY IN OREGON

Multiple agencies and numerous policies govern development in the coastal zone,
and make decisions concerning the need for and design of shore protection structures.
Jurisdiction regarding various activities and types of development is held by federal, state,
and local agencies, including the Army Corps of Engineers, Oregon Parks and Recreation
Department, the Division of State Lands, the Department of Land Conservation and
Development, and local planning departments.
The Army Corps of Engineers is responsible for all navigable waters in the United
States. The Corps regulates the instillation of shore protection structures with regard to the
Rivers and Harbors Act Section 10 and the Clean Water Act Section 404. Section 10 of the
Rivers and Harbors Act of 1899 requires permits for structures and dredging in navigable
waters of the United States, which are those coastal waters subject to tidal action and inland
waters used for inter-state or foreign commerce. In tidal areas, this includes all land below
the mean high water line. Section 404 of the Clean Water Act mandates a federal permit for
the discharge of dredged or fill material in waters of the United States, which include
navigable waters as under Section 10 permits. Jurisdiction extends inland to the head
waters of streams.
The Army Corps of Engineers involvement with shore protection in Oregon is
limited to structures built below the Ordinary High Water Line or within a wetland area.
OPRD submits all applications for permits to construct shore protection structures to the
Corps for their evaluation. If a project intends to encroach onto the beach past the Line of
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Ordinary High Water, then the Corps would require a permit. This situation occurs very
rarely in Oregon.
With the passage of Oregon's Beach Bill in 1968 the public was given free and
uninterrupted use of the 362 miles of beaches along the Oregon coast. A survey was made
that identified the extent of upland vegetation as it existed in 1967, and this boundary was
termed the Statutory Vegetation Line or Beach Zone Line. The Oregon Parks and
Recreation Department (OPRD) was given the responsibility of preserving and protecting
the recreational, scenic, natural and other resource values found on Oregon's shore inland
to the Statutory Vegetation Line. To protect the public interest with regard to beach
recreational and aesthetic qualities, OPRD established a beach regulatory program for
evaluating permit applications for shore protection structures. The standards are based on
specific components of the law involving public safety, recreation, aesthetic values, and
public access.
In order to obtain permission to construct a shore protection structure on the ocean
shore, each property owner must go through a multi-step evaluation process. The property
owner must first submit an application to the Coastal Land Use Coordinator of OPRD. The
application should contain a description and location of the project, the potential impacts of
the project, and an evaluation of alternatives to the proposed project. Upon receiving the
permit application, there is a thirty-day public notice period during which time signs are
posted at the site and interested parties and agencies are notified. If 10 or more people
request a public hearing, one is held to discuss the potential project and OPRD then has 45
days after the hearing to issue a decision. If a public hearing is not held, OPRD has 30 days
after the end of the public notice period to issue a decision. Permits are evaluated based on
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the project need, public rights and laws, potential alternatives, costs to the public, impacts
to natural and cultural resources and vegetation, view obstruction, compatibility with the
surrounding area, recreational resources, and safety issues. (See Appendix A for a full list of
the guidelines used to evaluate OPRD permits.) Over 70% of permits were approved
during the 25 year study period.
Until November 1999 the Division of State Lands jurisdiction under the
Removal/Fill law extended to the line of established upland shore vegetation or the highest
measured tide, whichever was higher. Under this law "the total of all deposits by artificial
means equal to or exceeding 50 cubic yards or more of material at one location in any
waters of this state" (ORS 541.605(5)) required a permit from the Director of the Division
of State Lands. (See appendix A for guidelines used to evaluate Removal/Fill permits.)
This meant that there were often overlaps in jurisdiction between OPRD and DSL (Figure
19).
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Figure 19. Top diagram illustrates the situation in which, prior to Senate Bill 11, DSL's
jurisdiction, to the Actual Vegetation Line, extended further inland than OPRD's. The
bottom diagram represents a situation in which OPRD's jurisdiction, to the Statutory
Vegetation Line, extends further inland.

The joint jurisdiction of the ocean shore between DSL and OPRD was problematic,
so that property owners did not always know which agency to turn to, and inconsistent
actions between agencies sometimes occurred. With the passing of Senate Bill 11 in
November 1999, jurisdiction was consolidated. OPRD now has jurisdiction to the
Statutory Vegetation Line or the line of established upland shore vegetation whichever is
farther inland.
The Department of Land Conservation and Development (DLCD) is involved in
ocean shore management through Oregon's nineteen statewide planning goals and
guidelines that were adopted as administrative rules (OAR 660, Division 15). The goals
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represent state policies on land use, resource management, economic development, and
citizen involvement. Pertaining to coastal development and hazard avoidance are Goal 7,
Goal 17, and Goal 18. Goal 7, directed to areas subject to natural disasters and hazards,
established guidelines for development in hazardous areas. Goal 17, the coastal shorelands
goal, states a preference for non-structural solutions to shore protection. Goal 17 also
requires that adverse impacts caused by structures be minimized. Goal 18, beaches and
dunes, requires that proposed beachfront structures be reviewed based on their visual
impacts, affects on beach access, and impacts to neighboring properties. Goal 18 also
requires that permit applications for beachfront protective structures on the ocean shore
shall be considered only where development existed on January 1, 1977. (See Appendix A
for a complete description of the planning goals relating to shore protection.) Upon
receiving an application to construct a shore protection structure, OPRD sends a copy of
the permit application to DLCD for their review and comments. The coastal goals are
considered when a permit is reviewed by OPRD. County and city planning departments are
involved through their comprehensive plans. Comprehensive plans are adopted by a city or
county as guidelines for the long range policies on the community's development. In
coastal areas the plans must address coastal resources including estuaries, shorelands, and
beaches and dunes. When an application is submitted for the construction of a shore
protection structure the respective county or city must approve the project as being in
accordance with their comprehensive plan.
Multiple agencies and policies play a role in activities along Oregon's ocean shore.
The result is sometimes perplexing, with overlapping agency jurisdictions that have the
potential to confuse the general public. At times it is difficult to know what agency should
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be involved and at other times multiple agencies are involved. Ultimately, the state of shore
protection policy is confusing and detracts from a streamlined decision making process.
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IMPACTS AND DESIGN GUIDELINES

Although there are multiple policies in Oregon regulating the use and construction
of shore protection structures, there is no policy governing the design and engineering
requirements for hard stabilization structures such as riprap revetments. Komar and
McDougal (1988) came to the following conclusion regarding riprap revetments and
seawalls:
Little consideration has been given to the design of these structures and their
requirements specific to the Oregon coast, and the designs commonly are not
based on sound engineering practice. As a result, some have not been
successful. A common problem is that the structures tend to be overbuilt
and therefore are unnecessarily costly and have a major visual impact.
The Oregon Parks and Recreation Department (OPRD) has the ultimate
responsibility of evaluating permit applications and issuing permits for stabilization
structures. However, OPRD does not regulate formal design standards for their
construction.
Riprap revetments are the most commonly used form of shore protection in Oregon,
representing around 85% of the stabilizing structures. Studies have shown that revetments
not built according to specific standards are prone to failure. A study conducted by the
U.S. Army Corps of Engineers in 1975 found the following typical causes of failure of
riprap: scour at its toe; outflanking; undersized rock; inadequate height; and improper
placement (COE, 1975). An investigation by Fulton-Bennett and Griggs (1986) in
California revealed that structures not designed properly are prone to high maintenance
costs and eventual failure. They observed that:
The success rate of riprap walls is often marred by relatively high
maintenance requirements, and by the fact that significant property damage
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often occurs when these walls suffer even partial failure.

There is cause for concern because the construction of stabilization structures may
result in the following adverse affects on the ocean shore:
• Increased erosion - As discussed earlier, a major source of sediment to Oregon's
beaches is the sand eroded from marine terrace deposits. When revetments are
constructed along the base of marine terrace deposits or dunes, a major source of
sediment is subtracted from the beach. The result may be erosion to downdrift areas
of the beach formerly supplied by terrace erosion. Structures may exacerbate
erosion of neighboring properties: as Komar and McDougal (1988) explain, the
natural defense of a beach against a storm is to erode sand from onshore to form
offshore bars, causing waves to break farther offshore. With the stabilization of a
portion of beach, the structure impounds fordune sand that normally serves as a
sand reservoir to be added to the beach during extreme erosion. As that section is
removed, sand must instead be obtained from adjacent unprotected properties
(McDougal et al., 1988). The National Academy of Sciences found that the
stabilization of a portion of beach may be linked to increased loss of material
fronting the structure, explaining that during a storm the volume of sand lost at the
base of a structures is nearly equivalent to the volume of upland erosion prevented
by the structure (NRC, 1987). In addition, Griggs and Tait (1988) found
accelerated beach scour and berm retreat up to 150 m downcoast of riprap
revetments and seawalls due to wave reflection and the tendency of structures to
trap sand on their upcoast ends.
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•

Narrowing Beach — A loss of the dry sand portion of the beach may occur as a
result of fixing the location of its landward extent. On narrow beaches, such as
those along the Oregon coast, the retreat of the beach is the most important element
in sustaining the width of the beach over a long period of time. Because riprap
revetments are hard structures, they do not allow for the migration of the beach.
The effect is that beaches are not able to provide buffering protection during storms.
Eventually, the beach and the nearshore will continue to migrate landward while the
backshore remains fixed, resulting in the loss of the dry sand portion of the beach
(CCC, 1999).

•

Decreased recreation potential - A recreational impairment associated with riprap
revetments has to do with their encroachment onto the beach and subsequent loss of
public beach. Revetments may occupy large areas of the beach formerly open for
public use. A revetment built to a height of 5 meters will extend 7.5 to 10 meters
outward from the face of the bluff; depending on the slope of the structure. For an
erosional portion of beach the encroachment will become more significant with time
as the dry sand portion of the beach diminishes. Another impact to recreation may
be the loss of beach access caused by the placement of massive structures where an
open entry route once existed. This issue may be felt most by the young and old
who are less agile and may have a difficult time traversing large structures.

•

Visual Impacts — On sandy beaches, such as along most of the Oregon coast, large
stabilization structures detract from the aesthetic qualities of the beach. In many
cases mitigation is required. Structures are covered by sand and beach grass is
planted, reducing the visual impact but not eliminating it.
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Structural Guidelines for Riprap Revetments
To help decrease the potential adverse impacts associated with riprap revetments
and to avoid possible safety hazards that may result from the failure of a structure,
structures should be designed with regard to the following guidelines.

•

Slope of Structure: The Army Corps of Engineers recommends that the steepest slope
of a revetment should be 2H:1V (COE, 1981). Fulton-Bennett and Griggs (1988) find
that structures built with a slope of 2H:1V are much more stable than those built at the
standard slope of 1.5H:1 V, with steeper structures being much more likely to fail as a
result of rolling or plucking of armor stones. It is important to not that until recently
most engineers and contractors felt comfortable building structures at a slope of 1.5:1
and this is often the requirement made by OPRD. Therefore, older structures may be
considered to be in compliance with engineering recommendations with a slope of
1.5H:1V.

•

Texture and Shape of Rock: The stone used in revetments must be durable, dense,
clean, hard, and free from cracks and cleavages (COE, 1981). Rocks should be resistant
to weathering, abrasion, and chemical solution. Rounded, smooth, or flat stones and
stones with one very long or one very short axis should be avoided because they may
result in the failure of the structure through plucking, sliding, toppling or rolling,
occurring when one or more stones are mobilized (Fulton-Bennett and Griggs, 1998).
The Army Corps of Engineers recommends that no individual armor stone be longer than
three times its minimum dimension, and rocks should be angular and blocky (COE,
1981).
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■ Placement of Rocks: Stones should be placed individually, Figure20, rather than
dumped. If dumped they will segregate by size with the larger stones accumulating at
the base of the structure. The standard recommended practice is to nest the stones with
two layers of rock (Kraus and McDougal, 1992). Dumped rocks run a greater risk of
failure by settling. Fulton-Bennett and Griggs (1988) found that structures built by
dumping rocks may settle 3 to 5 meters.

■
RAT,'

Figure 20. Rocks being individually placed in a structure in Lincoln City, OR.

Placing rocks individually permits the formation of an interlocking design, Figure 21,
where there is greater stability and fewer gaps exist for sediment to escape from behind
the structure.
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Figure 21. Completed Structure illustrating interlocking design of armor stones
(Lincoln City, OR).
• Size of Rock: The size of the rock should be determined using Hudson's equation is
given in the Corps' Shore Protection Manual (1984):
p,gH3
KaSs

-lf cote

Where:
W = weight of armor stone;
ps = density of the armor-unit material;
Ss = specific gravity of the armor material relative to water;
H = the height of the largest wave expected to impact the structure within its designated
lifetime;
= angle of the structure slope measured from the horizontal; and
KD = a stability coefficient that depends on the shapes of the armor units, the roughness
of the structure's surface, and the degree of interlocking obtained in placing the units.

This relationship illustrates the dependence of rock weight on wave height, with a small
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increase in wave height necessitating a significant increase in the size of armor stone
required for a project. For example, increasing the wave height by 50% from 3 feet to
4.5 feet warrants over a 300% increase in the weight of the armor stone. The individual
stones used in a structure should range in weights from 0.75 to 1.25 of W calculated with
Hudson's formula, with at least 75% of the stones weighing W or more (COE, 1981).
Rock size is important, because the second most common cause of failure of revetments
is toppling or rolling that occurs when one or more rocks is mobilized from the structure.
Inadequate rock size may exacerbate this potential problem because the rocks are more
easily moved.

•

Toe Trench: A toe trench is essential to maintaining stability under storm wave attack
at the base of the structure. The purpose of the toe trench is to prevent displacement of
the seaward edge of the revetment by anchoring the structure in the sand so that it can be
less easily undermined by wave scour at the toe (COE, 1981). Without a toe trench,
wave scour at the toe may cause the structure to be undermined and collapse. The Army
Corps of Engineers identified settlement as the biggest problem for all riprap revetments
constructed on sand. An adequate toe trench may help alleviate this cause of failure by
mitigating for sand removal at the toe during major erosion events. Fulton-Bennett and
Griggs (1988) found that settlement reactivates with every major storm. The depth of
the toe trench should be excavated to the bedrock or the water table (Krause and
McDougal, 1992). Excavation below this level may be too costly.

•

Filter Fabric and Backfill Material: A riprap revetment offers little protection for
loose fill or sand behind it, unless it incorporates a filter cloth or backfill material
(Fulton-Bennett and Griggs, 1988). Filter fabric, Figure 22, placed between the bluff
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face and the armor stone prevents the stones from sinking into the sand and also
provides a permeable layer that allows pore water pressures beneath the revetment to be
released.

Figure 22. Black material is typical of the filter fabric used in the construction of
revetments.

The filter fabric should have a pore size that contains the underlying beach sand, has a
high permeability, does not degrade in ultraviolet light, and has sufficient strength to
avoid puncture by armor stones (Kraus and McDougal, 1992). Backfill serves a similar
purpose as filter fabric, but instead uses quarry fines and small gravels, or is used in
combination with a synthetic material. Backfill may serve as an intermediate layer,
helping to reduce erosion behind structures if overtopping occurs. The rocks comprising
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the backfill layer should be about one-tenth the size of the armor stone (COE, 1981).
When backfill or fabric is not used, erosion behind the structure could result in its total
collapse. Filter fabric should not be used without some backfill material, because armor
stones may puncture the fabric without the presence of backfill to provide a cushion.
Backfill material may be used without filter fabric, but if fabric is not used more backfill
should be added to provide a thicker buffering layer.
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ENGINEERING STANDARDS IMPLEMENTATION

Structure Designers
A geologist or engineer designed 40% of structures. Of the 55 engineers involved in
designing the sample structures, 53% were engineering geologists, 33% were civil
engineers, and 14% did not profess a specialty. Those structures not designed by a
geologist or engineer were designed by a contractor (47%) or homeowner (12.5%)
Table 1).

Structure Designer

Engineer
Geologist
Engineer and Geologist
Contractor
Homeowner

Number of Permits

37
3
18
67
18

Percentage of Permits

26%
2%
12.5%
47%
12.5%

Table 1. Numbers and percentages of riprap revetments designed by each group. N = 143.

Compliance with Individual Structural Recommendations
Compliance with engineering recommendations varied widely. Some elements such
as the use of backfill and filter material were complied with almost universally, while others
such as the rock size were rarely addressed. Consideration of the individual elements is
described here.
• Construction Method – Ninety-two percent of applicants did not discuss the
construction method. Six percent of applicants planned to place rocks individually
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and 2% planned to dump rocks. A standard condition of new revetments is that the
rocks be placed in an interlocking design. However, the armor stones were dumped
in approximately 30% of the 28 structures visited.
■ Slope - Of the structures evaluated, 68% specify in the project description or are
required by the permit conditions to be built at a slope between 1.5H:1V and 2H:1V
and 17% are described as 2H:1V or less steep (Figure 23).

■ Steeper than 1.5:1 q 1.5:1-1.8:1 ■ 2:1 or Less Steep ■ Not Specified

Figure 23. Slope of revetments.

• Toe Trench – Of the structures evaluated, 86% planned to excavate a toe trench

and an additional 8% specified the to would be to bedrock or liquid sand. More
structures may actually be built with the trench excavated to liquid sand or bedrock,
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but detailed information was not given in the application materials and after the
structure is built this is difficult to evaluate.

•

Backfill/Filter Fabric - The use of backfill material or filter fabric is a standard
practice. Seventy-five percent of the evaluated plans called for the use of either
backfill material or a filter fabric, or a combination of the two.

•

Rock Size — Fifty-five percent of applicants gave details describing the size of rocks
to be used. Until this year, OPRD did not request information describing the size of
individual armor stones, but only a measure of the volume of material that would be
used. For those structure designs that do indicate the size of rock to be used, it is
not possible to identify the appropriateness of the rocks because no information is
given with respect to how those numbers were obtained or what the design wave
conditions were assumed to be.

•

Rock Texture - No information is given in any permit describing the type and shape
of rock to be used, a factor needed to calculate the size of rock required for the
project. During the site visits, this was the element where the most variation was
seen. The quality of rock used varied geographically throughout the coast. Some
areas had very course-grained, weathered rock while others had finer-grained rock
that is more resistant to weathering.

Site Visits
Site visits were made in attempt to assess the longevity of structures and to learn
more about structures than was possible by looking at applications. It was difficult to gain
an accurate picture of structure longevity because repairs are frequent and accurate records
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of repairs do not exist for the entire study period. The structures visited were in various
states of repair with approximately 30% of structures failing. The characteristics most
accurately evaluated during the site visits were the construction method and rock texture.

Combining the Elements
The stability of a revetment is best determined by considering the structures as a
whole. Based on this principle, a scheme was devised to classify the structures according to
their compliance with the combined engineering recommendations (Table 2).

Superior Standards

0 Structures

Toe trench to bedrock or liquid sand
Slope of 2H:1 V

Backfill/Filter Fabric
Rocks placed individually

Excellent Standards

2 Structures

Toe trench to bedrock or liquid sand
Slope of 2H:1V

Backfill/Filter Fabric

High Standards

18 Structures

Toe Trench
Slope of 2H:1V

Backfill/Filter Fabric

Minimum Standards

73 Structures

Toe Trench
Slope of 1 :5H:1V

0%

1%

13%

51%

Backfill/Filter Fabric

Table 2. Classifications of revetment stability based on combinations of structural elements.
Factors were eliminated or the requirements made progressively less stringent throughout
the classifications. The implication of this is not that one element is more important than
another, but that the element was not described in enough detail in the permit applications
and thus limits possibilities for further evaluations.

The classification scheme illuminates trends in compliance with the engineering
recommendations. Few structures meet superior (0) and excellent (2) standards, thus only
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the high and minimum categories are evaluated further.

Compliance with Engineering Recommendations by Designers
Eighteen percent of structures designed by contractors met high standards, 15% by
engineers, and 5% by homeowners (Figure 24). Fifty-nine percent of structures designed by
contractors met minimum standards, 59% by engineers, and 37% by homeowners (Figure
24).
80
70

iii 40
.ci
1 30
E
Z 20
10
Homeowner

Engineer

PUSH igh Standards MIIM inim urn Standards OStructures not Meeting Minim urn Standards

Figure 24. Number of structures designed to high and minimum standards by each group
compared to structures designed by each group that did not meet minimum standards.

Changes in Compliance with Engineering Recommendations Over Time
A 12% increase in structures meeting high standards occurred after the 1980s
(Figure 25, 26). The percentage of structures meeting minimum design standards decreased
throughout the study period with 55% of structures built before 1990 and 29% of structures
built after 1990 meeting minimum design standards (Figure 25, 26).
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Figure 25. Numbers of structures meeting minimum and high standards compared to the
total structures built as a function of time.
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throughout the study period.
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Engineers
The percentage of structures built to high standards by engineers has declined with
time from 20% before 1990 to 6% after 1990 (Figure 27). Compliance with the minimum
recommendations declined also with 63% of structures from 1976-1989 and 50% after
1990 conforming to minimum standards (Figure 27). Engineers are explicit in the structure
plans and describe in detail the project they propose, therefore, these numbers are probably
consistent with what has been built by this group.
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Figure 27. Number of structures built to high and minimum standards by engineers per year
compared to the total number of structures built by engineers per year.

Contractors
Contractors have designed almost half of the structures and as a result are the major
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1 1

influence on the stability of structures existing today. During the 1980s, 30% of structures
designed by contractors met high standards. Prior to and since the 1980s less than 2% of
structures have met high standards (Figure 28). Compliance with minimum standards, by
contractors, has increased from 42% to 70 % since 1990 (Figure 28).
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Figure 28. Number of structures built to high and minimum standards by contractors per
year compared to the total number of structures built by contractors per year.

Homeowners
One of the 27 structures designed by a homeowner met high standards (Figure 29).
Between 1976-1989, 37 % of structures met the minimum standards. As of 1989, the
practice of homeowners designing structures practically ceased.
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Figure 29. Number of structures built to high and minimum standards by homeowners per
year compared to the total number of structures built by homeowners per year.

Compliance with engineering recommendations by littoral cell
The distribution of structures designed to high standards within the various littoral
cells is sporadic and a trend is not discernable (Figure 30). Compliance with minimum
standards is more common in southern cells (Siletz, Otter Rock, Yaquina) where 52% of
structures met minimum standards than in northern cells (Cannon Beach, Nehalem,
Neskowin, Sand Lake) where 15% met minimum standards (Figure 30).
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Figure 30. Number of structures built to high and minimum standards per littoral cell
compared to the total structures per littoral cell.

To determine the reason for discrepancies in compliance with design
recommendation by littoral cell we looked at geographic variations in the involvement of an
engineer. Aside from Otter Rock (100%), the greatest percentages of structures designed
by engineers are in the Cannon Beach and Siletz cells, with each cell having close to 40% of
the structures designed by engineers. The Neskowin, Sand Lake, and Yaquina cells have
between 20% and 25% of structures designed by engineers (Figure 31). On the basis of this
analysis there is not a correlation between the involvement of an engineer and geographic
variations in structure stability.
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Figure 31. Structures designed by engineers in each cell compared with total number of
structures per cell.

The dominant force affecting the quality of the structures is probably a function of
the contractor. The contractor used is dependent on the location. There are approximately
five contractors who have been responsible for most of the contractor-designed structures
along the coast. The distribution of their structures is primarily geographic.
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DISCUSSION

The frequency of homeowners designing structures has decreased drastically in the
last decade and is now very uncommon. While homeowners had the lowest percentages of
compliance with engineering recommendations based on the project description, the
contractor who built the structure may have implemented engineering recommendations not
described in the application materials. The quality of the 20% of structures designed by
homeowners may, therefore, not be as poor as it appears. The structures were, however,
approved based on the project descriptions, which do not conform to engineering
recommendations.
The expectation was for engineers to be the most respectful of the engineering
recommendations for riprap revetments. This was not true for the structures evaluated in.
this study, possibly because the engineers involved in these projects do not have experience
in coastal environments. This does not indicate that engineering involvement would not be
beneficial to the structure design process, but that knowledge of coastal processes is dually
important.
In contrast, the contractors involved in this study are very familiar with the Oregon
coast and erosion control. However, while the contractors have an understanding of the
demands of the Oregon coast, some have adopted a set of standards that they implement for
all structures without regard to the differences in project setting. The result is often that
some aspects of the project are excessive, as was found by Good (1992) for the height of
structures in the Siletz Cell, while others, such as slope and depth of toe trench, are
insufficient.
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The analysis of the change in compliance with engineering recommendations over
time revealed little improvement in the last 25 years. On the contrary, from visiting
revetments built between 1976-1999, there seemed to be definite improvements in the
stability of structures built more recently over those built during the early part of the study.
Thirty percent of the structures visited had failed. Seventy-five percent of failing structures
were built between 1978-1984. Structures of this age should still be in good repair. Their
failure indicates poor construction, however, and many of the structures that have failed
were built by dumping the rock. A major improvement in structure stability has occurred
since then with most new structures built by placing the rocks individually. This is not
evidenced through an evaluation of permit applications; however, because construction
method was not discussed in 92% of applications, indicating an improvement in structure
design not documented by the methods of this study.
No structure built in the last 25 years was described as utilizing all of the elements
necessary for structural stability. This does not necessarily indicate that no structures have
been built properly, but that no one has ensured that structures would be built properly,
prior to granting the permits. On the basis of communications with contractors, it is clear
that many build structures according to recommended standards, but sometimes corners are
cut for the sake of staying within a budget. The quality of a structure is not possible to
discern from the permit applications and it is difficult to assess the stability of shore
protection structures based on a post construction evaluation because after a structure is
built elements such as toe trench and backfill material are not easily measured. Ultimately,
there is no accurate record of what has been built or what is being built today.
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As the executor of the public trust, the State has a responsibility to ensure that
structures are built properly. OPRD has recently begun asking for design specifications in
the permit application, but they have not yet adopted a code for requiring that structures be
built according to recommended standards. Ultimately, regulated design standards and a
design team of members with knowledge of both coastal processes along the Oregon coast
and engineering principles would be ideal.
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CONCLUSIONS AND RECOMMENDATIONS

The following findings and recommendations are made in response to the analysis of shore
protection structure distribution along the Oregon coast and the stability of those structures:
•

A definite trend exists in the locations of structures and the years in which they are
in the highest demand. In general, El Nifio and La Nina years and years immediately
following are times of intense coastal erosion. Additionally, 55% of the structures
built in the last 25 years were located in the southern ends of littoral cells.

•

Structural shore protection has become a common method of erosion control on the
Oregon coast. Studies have shown that improperly designed structures may have
adverse effects on neighboring properties, recreational ability, aesthetic quality, and
may also impose a safety hazard if failure occurs. None of the agencies involved in
the permitting of shore protection regulate the design of structures.

•

An evaluation of 143 shore protection structures along the northern Oregon coast
revealed that information of the structures design is insufficient.

•

Site visits did not give an accurate representation of longevity because of the high
percentage of structures that required repairs and a lack of sufficient records
describing repairs.

•

Eighteen percent of structures designed by contractors, 15% by engineers, and 4 %
by homeowners met the high standards defined by this study. Minimum standards
were more common with 59% of structures designed by contractors, 59% by
engineers, and 36% designed by homeowners in compliance.

•

Based on these standards, the quality of structures designed by engineers has
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declined over the years, while that of contractors has improved slightly. This may
not be an accurate account of the quality of work done by each group. Contractors
have built most of the structures in Oregon and commonly implement the same
design throughout the coast. An evaluation of the presence of certain key elements
may indicate that the structures designed by contractors are of a higher quality,
when they are actually standard replications not designed on an individual basis.
•

Oregonians are fortunate that for several decades law makers and state agencies
have been taking an interest in preserving the natural resources of the coastal zone
for the benefit of the citizens of Oregon and its tourist visitors. Many measures have
been taken to ensure that the coast is managed well and development taken into
account. With an ever-increasing knowledge of coastal processes and the potential
impacts of shore protection it is important to remain flexible with regard to
regulations governing activities on the shore. For Oregon to preserve its many
pristine areas and the natural qualities that make it such a popular place, regulations
must evolve to account for improved understanding of scientific principles and
increasing stresses on resources. Based on an evaluation of the current state of
shore protection in Oregon it seems new regulations are needed to address the
design of structures, because as the demand for structures increases the design too
becomes increasingly important.

•

In order to ensure structures are built properly, OPRD needs to require information
on how decisions are made regarding structural specifications including: rock size
and texture, slope, depth of toe trench, the use of backfill and filter fabric,
construction method, and height of structure. In general the intent to build a
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structurally sound revetment must be made upfront, and if it is not the permit should
not be granted. OPRD has a responsibility to all Oregonians, not just to those who
own property on the beach. Regulating the design of shore protection structures
would ensure that they are more stable and would minimize the potential negative
impacts. OPRD should be involved prior to construction by requiring that
structures be built according to recommended design standards and that those
standards are fully recognized by the designer. OPRD needs to have an
understanding of proposed structure specifications prior to construction. The
current practice of an OPRD representative performing follow-up visits to ensure
structures are in compliance with the permit requirements should be made
mandatory. OPRD needs to maintain a method to ensure that structures are
removed or repaired in the event that the homeowner is uncooperative. The
department does this now through a pre-construction bond requirement, and this
requirement should be continued and the bond used if necessary to ensure that only
structurally sound revetments remain on the ocean shore.
•

Beach type, grain size, and wave climate should all be considered when designing a
structure, but currently are not for most projects. This deficiency may be improved
by the new requirement of a geologic consultation. In general wide, dissipative
beaches will need less protection than coarse-grained reflective beaches where
waves break closer to shore, placing properties in a higher energy zone. From
conversations with contractors, many are aware of this principle, but there exists
little evidence that these factors are considered.

•

A need exists for investigations into possible forms of temporary shore protection
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and their potential applicability for the Oregon Coast. During the 1970s and 1980s,
there were a few attempts to use temporary forms of shore protection such as
gabions and dynamic revetments. Additionally, on several occasions during the
1980s

contractors placed large armor stones in a single line near the foreshore for

the purpose of dissipating wave energy well before it came in contact with the
upland property. After the storm had ceased, the rocks were removed and the beach
returned to its original condition. This was reported to work well and although it
would be an infringement on the public beach, it would be temporary. In other
locations during this same period, smaller rocks placed at the base of the bank were
used to dissipate energy there. These rocks were eventually transported away by
wave energy, but they did provide temporary protection. One possible incentive to
expand the use of temporary structures would be to allow properties developed after
1977

to experiment with temporary structures. If they are successful it would

improve public confidence in them and help to slow the rate of coastal armoring. In
many locations permanent structures are not needed and after they are constructed
are quickly covered by sand. Additionally, many structures in Oregon are rarely in
contact with wave run-up and thus are not necessitated by the wave climate. With
an increased understanding of the occurrence of riprap as it relates to coastal
processes and the occurrence of El Nino events, temporary structures could be used
preemptively in areas prone to erosion. In the southern end of littoral cells where
erosion can be expected during and following El Nino events, temporary structures
could be put in place prior to the onset of erosion. With an understanding that the
sediment scoured from the southern end of cells will return within a few years,
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structures with life expectancies of 20 to 30 years will not be necessary, and will
carry a greater price tag than temporary structures.
•

A clear relationship exists between the location and occurrence of approximately
55% of the structures built in the last 25 years. With this knowledge, homeowners
and agencies have the ability to pre-empt destruction by erosion with planning.
Planning for erosion through County and City Comprehensive Plans is necessary for
areas not already developed. Setback lines should be based on the knowledge that
erosion risks are greater towards the southern ends of littoral cells. Komar and
others (1999) have developed several models to aid in establishing set-back
distances based on observations of the processes at work along the Oregon coast.
Planning agencies should take this information into account when deciding how
close to the shore their residents will be permitted to build.

•

State and local government could further be involved in planning for erosion proactively by deciding what types of shore protection will be allowed in certain areas.
Oregon already implements a system of zoning land to preemptively decide what the
land may be used for. The shoreline could be similarly zoned to dictate what areas
will be eligible for hard shore protection devices and in what areas more temporary
structures might be sufficient protection. Those areas necessitating harder forms of
shore protection could be zoned so that a structure blueprint could be implemented
for a stretch of beach having similar physical characteristics. If a revetment were
warranted, the structure would already be designed based on the specific
requirements of the area. In this way, more elements could be taken into account
prior to an emergency situation and having a defined plan would benefit OPRD
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representatives because it would make decisions less personal and more predictable.
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Appendix A
Shore Protection Policy

The following rules and policies exist governing development in the coastal zone and the
construction of shore protection structures:

Division of State Lands (DSL)
Under the Division of State Lands Removal/Fill law, permits to construct riprap revetments
were based on the following standards:
1.

Will not unreasonably interfere with navigation, fisheries, or recreation, or
endanger public health or safety.

2.

Use is water dependent or fulfills a public need.

3.

Impacts to municipal water supplies, aquatic life or habitat, aquatic
ecosystem functions, recreational, aesthetic or economic value of water
resources and hydraulics are minimal.

4.

No harm to rare or endangered plant or animal species.

5.

No practical, less harmful alternatives to the project

6.

All practical steps taken t minimize impacts.

7.

Consistent with requirements for historic and archeological site
preservation.

8.

Consistent with comprehensive plan and zoning ordinances.

9.

Consistent with state water quality standards.

10.

Mitigation for fill and dredging in estuaries and wetlands, except for
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riprap and other minor projects

Oregon Parks and Recreation Department (OPRD)
The following administrative rule standards are used to evaluate ocean shore permit
applications:
736-020-0005 (Factors Evaluated)
(1) Each site on the ocean shore presents different conditions and applicants have
varying project needs. Evaluations point up the relative significance of the general,
scenic, recreational, safety, and other interests of the public. In acting on any
application for an ocean shore permit under ORS 390.640, 390.715, or 390.725, the
Department shall consider:
(a) Provisions necessary to protect the affected area from any use, activity,
or practice that is not in keeping with the conservation of natural resources
or public recreation;
(b) The public need for healthful, safe, esthetic surroundings and conditions;
the natural, scenic, recreational, economic, and other resources of the area
and the present and prospective need for conservation and development of
those resources;
(c) The physical characteristics or the changes in the physical characteristics
of the area, and the suitability of the area for particular uses and
improvements (This may include bank alignments, topography, shoreline
materials and stability, width of the beach, past erosion, storm water levels,
sand movement, water currents, adjoining property, beach access, land uses,
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etc.);
(d) The land uses, including public recreational use; the improvements in the
area; the trends in land uses and improvements; the density of development;
and the need for access to particular sites in the area;
(e) The need for recreation and other facilities and enterprises in the future
development of the area and the need for access to particular sites in the
area.
(2) Public opinion in response to public notice or hearings on an application shall be
considered in evaluating each proposed ocean shore project.
(3) Considered together, and in accordance with the intent of the Legislature, the
factors listed in sections (1) and (2) of this rule assist in the overall decision for
granting, an ocean shore permit, or denying, or modifying the ocean shore permit
application when the level of impact is determined to be unacceptable.

736-020-0010 (General Standards)
The following general standards shall be applied, where applicable, to each application for
an ocean shore permit
(1) Project Need - There shall be adequate justification for the project to occur on
and alter the ocean shore area.
(2) Protection of Public Rights- Public ownership of or use easement rights on the
ocean shore shall be adequately protected.
(3) Public Laws- The applicant shall comply with federal, state, and local laws and
regulations affecting the project.
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(4) Alterations and Project Modifications - There are no reasonable alternatives to
the proposed activity or project modifications that would better protect the public
rights, reduce or eliminate the detrimental affects on the ocean shore, or avoid longterm cost to the public.
(5) Public Costs - There are no reasonable special measures which might reduce or
eliminate significant public costs. Prior to submission of the application, the
applicant shall consider alternatives such as nonstructural solutions, provision for
ultimate removal responsibility for structures when no longer needed, reclamation of
excavation pits, mitigation of project damages to public interests, or a time limit on
project life to allow for changes in public interest.
(6) Compliance with LCDC Goals - The proposed project shall be evaluated against
the applicable criteria included within Statewide Land Conservation and
Development Goals #5: Natural Resources, Scenic and Historic Areas, and Open
Spaces, #17: Coastal Shorelands, #18: Beaches and Dunes, and #19: Ocean
Resources, and other appropriate statewide planning goals. In accordance with the
Statewide Land Conservation and Development Commission Goal #18, permit
applications for beachfront protective structures on the ocean shore shall be
considered only where development existed on January 1, 1977. The project shall be
consistent with local comprehensive plans where such plans have been approved by
LCDC. When the application is for a pipeline, cable line or conduit under ORS
390.715, the project shall be consistent with Statewide Planning Goal #19, Ocean
Resources, and applicable requirements of the Oregon Territorial Sea Plan.
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736-020-0015
Scenic Standards
Projects on the ocean shore shall be designed to minimize damage to the scenic attraction of
the ocean shore area. The following scenic standards shall be applied, where applicable, to
each application for an ocean shore permit.
(1) Natural Features - The project shall retain the scenic attraction of key natural
features, for example, beaches, headlands, cliffs, sea stacks, streams, tide pools,
bedrock formations, fossil beds and ancient forest remains.
(2) Shoreline Vegetation- The project shall retain or restore existing vegetation on
the ocean shore when vital to scenic values.
(3) View Obstruction- The project shall avoid or minimize obstruction of existing
views of the ocean and beaches from adjacent properties.
(4) Compatibility with Surroundings- The project shall blend in with the existing
shoreline scenery (type of construction, color, etc.).

736-020-0020
Recreation Use Standards
The following recreation use standards shall be applied, where applicable, to each
application for an ocean shore permit.
(1) Recreation Use - The project shall not be a detriment to public recreation use
opportunities within the ocean shore area except in those cases where it is
determined necessary or legally required to protect sensitive biological resources
such as state or federally listed species.
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(2) Recreation Access - The project shall avoid blocking off or obstructing public
access routes within the ocean shore area except in those cases where it is
determined necessary or legally required to protect sensitive biological resources
such as state or federally listed species.

736-020-0025
Safety Standards
The project shall be designed to avoid or minimize safety hazards to the public and shoreline
properties. The following safety standards shall be applied, where applicable, to each
application for an ocean shore permit.
(1) Structural Safety - The project shall not be a safety hazard to the public due to
inadequate structural foundations, lack of bank stability, or the use of weak
materials subject to rapid ocean damage.
(2) Obstructional Hazards - The project shall minimize obstructions to pedestrians
or vehicles going onto or along the ocean shore area.
(3) Neighboring Properties - The project shall be designed to avoid or minimize
ocean erosion or safety problems for neighboring properties.
(4) Property Protection - Beachfront property protection projects shall be designed
to accomplish a reasonable degree of increased safety for the on-shore property to
be protected.

736-020-0030
Natural and Cultural Resource Standards
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(1) Projects on the ocean shore shall avoid or minimize damage to the following natural
resources, habitat, or ocean shore conditions, and where applicable, shall not violate state
standards:
(a) Fish and wildlife resources including rare, threatened or endangered species and
fish and wildlife habitats.
(b) Estuarine values and navigation interests.
(c) Historic, cultural and archeological sites.
(d) Natural areas (vegetation or aquatic features).
(e) Air and water quality of the ocean shore area.
(f) Areas of geologic interest, fossil beds, ancient forest remnants.
(2) When necessary to protect native plant communities or fish and wildlife habitat on the
subject or adjacent properties, only native, non-invasive, plant species shall be used for
revegetation.

Department of Land Conservation and Development (DLCD)
The following planning goals pertain to coastal development and shore protection:

Goal 7: Areas Subject to Natural Disasters and Hazards
Goal 7 states that development shall not be planned or located in areas subject to natural disasters
or hazards without appropriate safeguards. Such hazards may include: stream flooding, ocean
flooding, ground water, erosion and deposition, landslides, and earthquakes.
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Goal 17: Coastal Shorelands
"Land use plans, implementing actions and permit reviews shall include consideration of the
critical relationships between coastal shorelands and resources of coastal waters, and of the
geologic and hydrologic hazards associated with coastal shorelands. Local, state and federal
agencies shall within the limit of their authorities maintain the diverse environmental, economic,
and social values of coastal shorelands and water quality in coastal waters. Within those limits,
they shall also minimize man-induced sedimentation in estuaries, nearshore ocean waters, and
coastal lakes."
Included among the implementation requirements of goal 17 is the following:
"(5) Land-use management practices and non-structural solutions to problems or erosion and
flooding shall be preferred to structural solutions. Where shown to be necessary, water and
erosion control structures, such as jetties, bulkheads, seawalls, and similar protective structures;
and fill, whether located in the waterways or on shorelands above ordinary high water mark, shall
be designed to minimize adverse impacts on water currents, erosion, and accretion patterns. "

Goal 18: Beaches and Dunes
Goal 18 requires that:
"Coastal comprehensive plans and implementing actions shall provide for diverse and appropriate
use of beach and dune areas consistent with their ecological, recreational, aesthetic, water
resource, and economic values, and consistent wit the natural limitations of beaches, dunes, and
dune vegetation for development."
Among the implementation requirements of goal 18 are the following:
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"(3) Local governments and state and federal agencies shall regulate actions in beach and dune
areas to minimize the resulting erosion. Such actions include, but are not limited to, the
destruction of desirable vegetation (including inadvertent destruction by moisture loss or root
damage), the exposure of stable and conditionally stable areas to erosion, and construction of
shore structures which modify current or wave patterns leading to beach erosion."
"(5) Permits for beachfront protective structures shall be issued only where development existed
on January 1, 1977. Local comprehensive plans shall identify areas where development existed on
January 1, 1977. For the purposes of this requirement and Implementation Requirement 7
"development" means houses, commercial and industrial buildings, and vacant subdivision lots
which are physically improved through construction of streets and provision of utilities to the lot
... The criteria for review of all shore and beachfront protective structures shall provide that:
a. visual impacts are minimized;
b. necessary access to the beach is maintained;
c. negative impacts on adjacent property are minimized; and
d. long-term or recurring costs to the public are avoided."
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Appendix B
Structural design survey

The following questions were asked of contractors and engineers with regard to the design of
riprap revetments:
1.Do you build structures with the expectation that they will have a certain life expectancy (i.e. 50 year storm event)? What do you think the typical life expectancy of a riprap revetment is?

2. What%age of structures require repairs? Within what amount of time?

3. How do you determine the size of rock needed for a riprap revetment?

4. What slope would you recommend for a riprap revetment?

5. How important is the quality of rock used in the riprap revetment?

6. To what depth do you excavate the toe trench? Does the depth vary according to location?

7. How do you determine the height of the structure?

8. What do you consider the most critical element to a riprap revetments stability?

9. What is the most common cause of failure of riprap revetments?

10.If there is a standard design which you use for riprap revetments, please describe it or attach
sketches.

11.How are structures designed differently in emergency situations?

12.Do you build any other types of shore protection structures? What? If you usually
recommend riprap - why?
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