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EXECUTIVE SUMMARY

This study provides an assessment of the physical process contributing to changes in the morphology of
beaches and dunes in the Cannon Beach littoral cell, located in southern Clatsop County, Oregon. The work
presented here updates an earlier investigation by Rosenfeld (1997). Since 1939, the City of Cannon Beach
has experienced significant accumulation of sand along its beaches, especially in its dunes north of Hay-
stack Rock (Figure 1 and Figure 33). In particular, north of Ecola Creek, the combination of a large sand
supply and the proliferation of European beach grass (A. arenaria) has contributed to the formation of

dunes that have reached heights of 16 m (53 ft, relative to the North American Vertical Datum of 1988

[NAVD88]) In response to considerable sand buildup north of Ecola Creek, the City of Cannon Beach initi-

ated a process to evaluate their existing dune management plan on the basis of updated scientific infor-

mation on physical processes and coastal geomorphology occurring along the Cannon Beach littoral cell.

The overarching objective is to use the updated information to help establish new guidelines for the relo-

cation of excess sand that periodically builds up along the coastline. This sand buildup within the dune is

presently affecting the views of local residents, while sand blowing inland has become a nuisance, migrat-
ing where it has begun to inundate buildings and properties. The broad findings of this study include the
following:
e Since 1997 the Cannon Beach littoral cell has gained ~209,220 m3 (273,649 yards3) of sand.
e Large positive sediment gains have occurred in all areas north of Tolovana Park, with the largest
accumulation having occurred north of Ecola Creek in the Chapman Point dune management
region. This region alone has accumulated ~225,080 m3 (294,390 yards?) of sediment since 1997.
e Sand volume gains have also occurred in the Presidential dune management area (south of Ecola
Creek and north of Haystack Rock), which accumulated ~24,287 m3 (31,767 yards3) of sand since
1997.
e Minor sand gains were also observed in the Haystack Rock (~1,770 m3 [2,315 yards3]) and Arch
Cape (~9,180 m3 [~12,000 yards3]) sub-region areas.
e Netsand losses since 1997 have dominated all other sub-regions including:
o Tolovana North — lost ~4,350 m3 (5,690 yards3);

Tolovana South — lost ~17,500 m3 (22,890 yards3);

Silver Point — lost ~1,660 m3 (2,170 yards3);

Arcadia Beach — lost ~9,670 m3 (12,650 yards3);

Hug Point — lost ~5,070 m3 (6,630 yards3); and

o Falcon Cove — lost ~12,800 m3 (16,740 yards3).

e The total volume of sand contained in the entire Cannon Beach littoral cell measured between the
6 m (19 ft) contour (approximately the dune or bluff toe) and mean lower low water (MLLW), is
~3.6 million m3 (4.67 million yards3). Incorporating the volume of sand contained in the dunes
increases the total volume to ~4.2 million m3 (5.4 million yards3) of sand.

O O O O

e Inthe Chapman Point dune management area, we found that ~195,600 m3 (~255,900 yards3) of
sand is located at elevations greater than the 10 m (33 ft) contour; ~63,000 m3 (~82,400 yards3)
is located in the southern portion of Chapman Point (i.e., ~one third of the total sand volume is
located south of 5th Street).

e QOur assessment of wind and wave processes over the past two to three decades suggests that the
combination of persistent El Nifio conditions since the early 1980s coupled with the prevalence
of strong southerly winds have contributed to a net northward drift in beach sand within the
littoral cell.
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e The formation of dunes north of Haystack Rock is thus a function of three main factors:

o A sufficiently large supply of sand that is transported by nearshore processes;

o A prevailing wind—of particular importance is the wind speed, which needs to be strong
enough to entrain and mobilize sand within the intertidal zone and at the back of the
beach, and their subsequent landward and northward transport; and,

o Obstacles to trap the sand such as woody debris, vegetation, and micro-topography.

e Because the volume of sand released from erosion of dunes in the Cannon Beach cell account for
~38% of the total sand that accumulated north of Haystack Rock, this strongly suggests that much
of the sand is locally derived from the nearshore region (i.e., the surf zone to depths of 10 to 15 m
[30 to 45 ft]) and from erosion of the beach (particularly south of Haystack Rock).

e The introduction European beach grass (Ammophila arenaria) to the Oregon coast in the 1900s
has profoundly changed the morphology of the dunes. At Cannon Beach, A. arenaria was intro-
duced sometime in the 1950s, and major plantings occurred in the 1960s. These initial efforts
effectively stabilized the dunes at Chapman Point and by 1967 had greatly increased its capacity
to retain sand.

e From a management standpoint, an effective dune scraping management plan must adhere to the
following principles:

o Minimize the height at which the dune is lowered, thereby avoiding the potential for wave
overtopping during an extreme storm(s). Analyses of extreme 100-year total water levels
(TWL, the combined effect of wave runup superimposed on tides) undertaken in the Can-
non Beach cell indicate the potential for storms to generate wave runup is on the order of
7 to 7.5 m (23 to 25 ft). Incorporating a 1.2 m (4 ft) factor of safety adopted by the City of
Cannon Beach yields design dune crest elevations that potentially could range from 8.2 to
8.7 m (27 to 28.5 ft);

o Retain the sand that is removed from the crest of the dune by placing it back onto the
beach, thereby retaining a sufficient buffering capacity against future storms; and,

o Replant the scraped area in order to quickly stabilize the dune, minimizing the subse-
quent entrainment of sand by wind processes and their landward incursion into back-
shore properties.

» Following dune scraping, it is imperative that steps be taken to stabilize the ex-
posed area as quickly as possible, in order to minimize the transport of exposed
dune sand back in among properties located behind the dunes.

=  We recommend NOT using European beach grass (A. arenaria) to stabilize the
dune, because this species is directly contributing to the buildup of higher dunes
at Cannon Beach, affecting the view from shorefront homes.

= A more effective approach is to plant either the non-native American (A. brevilig-
ulata) or Pacific Northwest native dune grass (E. mollis), or some combination of
both grasses; both species have been demonstrated to build lower, broader
dunes.

Because of the variability in the forces that both sustain and erode beaches and dunes on the Oregon
coast and our uncertainty in changes that will likely affect the beach over longer time scales (10 to 30
years), an adaptive management approach based on a sound knowledge of beach and dune processes,
guided by systematic monitoring and evaluation of the system as a whole is essential.

Oregon Department of Geology and Mineral Industries Special Paper 49 2
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1.0 INTRODUCTION

Cannon Beach, located on the northern Oregon coast in Clatsop County. The City of Cannon Beach is eval-
uating their existing dune management plan. This plan establishes guidelines for the relocation of excess
sand (dune scraping) that periodically builds up along the coastline north of Haystack Rock and south of
Chapman Point (Figure 1). This accumulation of sand over the past few decades has resulted in substan-
tial aggradation of the dunes located north of Ecola Creek, which impacts the views of residents located
adjacent to the beach. Furthermore, wind-blown sand has been demonstrated to be a nuisance, migrating
inland, where it has begun to inundate buildings and properties.

Development of the Cannon Beach dune management plan was originally completed in 1997 (Rosen-
feld, 1997). Although the study emphasis was directed at understanding sediment dynamics along the
entire littoral cell, Cape Falcon to Tillamook Head, the study mainly focused on the beach north of Ecola
Creek. The study ultimately led to the establishment of a framework for dune management north of Ecola
Creek and south of Chapman Point. The Cannon Beach dune management plan was subsequently modified
by Marra (2001) to allow for additional dune scraping activities south of Kramer Point and north of Har-
rison Street.

The City of Cannon Beach has contracted with the Oregon Department of Geology and Mineral Indus-
tries (DOGAMI) to undertake an updated study of the physical processes driving sediment movement
along the length of the Cannon Beach littoral cell. The impetus for this work stems from recent efforts to
remove about 60,000 yards3 of sand from the frontal dunes north of Ecola Creek and deposit the sand out
on the beach. Placement of such a large amount of sand on the beach has raised concern over the potential
effect the sand could have on the physical system.

The proposed study is being undertaken according to a phased approach, consisting of:

1. Science Background Report: The existing report is the outcome of this task and reflects a syn-
thesis of scientific information and data-gathering that spans the entire littoral cell (Cape Falcon
to Tillamook Head). The report also reviews earlier dune management work undertaken by pre-
vious coastal consultants including Rosenfeld (1997) and Marra (2001). In addition to addressing
the sediment budget and sand movement in the littoral cell, the City of Cannon Beach has re-
quested additional information on the following topics:

o The patterns and rates of dune growth;

o Impacts of dune grading and disposal practices on beach contours, habitat, and sand supply;

o Seasonal differences and timing considerations in dune grading and disposal;

o Vegetation/revegetation impacts; and

o Impacts on recreational use, including beach access.

One additional task associated with the science background report is to:

o Undertake updated surveys of beach profiles established along the Cannon Beach cell
(Figure 1) in 2009 for the purposes of FEMA flood mapping. Two surveys were to be carried
out: the first at the end of summer 2015, and a follow-up survey in late winter 2016.

2. Implementation Strategy: This task involves applying the findings/conclusions/recommenda-
tions from the Science Background Report to policy decisions. The products are:

O Draft comprehensive plan background report: this document would address the legal re-
quirements and policy implications not covered in the science background report.

o Policy report: this document would convert the science background report findings into
enforceable policy language, zoning ordinance requirements, and implementation proce-
dures.
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3. Public Hearings and Adoption: This task takes the finished products and presents them for pub-
lic review. Minimally, this task will involve a hearing before the Planning Commission and a hear-
ing before the City Council. If needed, additional public review may be pursued prior to the
Planning Commission hearings, where the Background Report and Implementation Strategy are
presented, and public comment is taken in a less structured forum than a Planning Commission
or City Council hearing.

Section 2.0 of this report examines the physical processes driving coastal changes on the northern
Oregon coast, including the role of tides, observed sea level changes (including future projections), and
waves. Alongshore sediment transport processes, a function of wave approach relative to the shore, are
also examined. Section 2 concludes with an overview of the tsunami hazard facing the Oregon coast due
to its proximity to the Cascadia subduction zone (CSZ) and the probability of occurrence of another great
earthquake on the subduction zone. A discussion of dune morphology and the processes that drive dune
growth is provided in Section 3.0. The local geology and geomorphology of the Cannon Beach littoral cell,
including historical shoreline changes is examined in Section 4.0. Section 5.0 discusses the Cannon Beach
littoral cell monitoring network, rates, and patterns of coastal change and concludes with an examination
of recent beach sand volume changes taking place along the entire littoral cell. Section 6.0 explores the
implications of dune management along the north end of the littoral cell including the effects of dune ero-
sion, high wave runup levels, and approaches for disposing of scraped dune sand. Critical to any dune
scraping activity is the need to stabilize the graded dune as quickly as possible; this need is examined in
Section 6.5.
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Figure 1. Location map of the Cannon Beach littoral cell showing subcells,
place names, and beach profile locations.
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2.0 BEACH PROCESSES ON THE OREGON COAST

2.1 Background

This section explores the characteristics of waves and water levels observed on the northern Oregon
coast. Much of this information stems from analyses of National Ocean Service (NOS) tide gauge data
measured at several sites, e.g., the Columbia River (Astoria, #9439040), Tillamook Bay (Garibaldi,
#9437540), and Newport (South Beach, #9435380), as well wave statistics measured by deepwater wave
buoys operated by the National Data Buoy Center (NDBC).

2.2 Tides

Tides along the Oregon coast are classified as moderate, with a maximum range of up to 4.3 m (14 ft) and
an average range of about 1.8 m (6 ft) (Komar, 1997). There are two highs and two lows each day, with
successive highs (or lows) usually having markedly different levels. Tidal elevations are given in reference
to the mean of the lower low water levels (MLLW), and can be easily adjusted to the North American
Vertical Datum of 1988 (NAVD88) vertical datum. As a result, most tidal elevations are positive numbers
with only the most extreme lower lows having negative values.

For the purposes of this study, we have based our analyses on tides measured at the South Beach gauge
(#9435380) in Yaquina Bay (1967-2017), which is representative of tidal conditions along the coast. Fig-
ure 2 shows tidal elevation statistics derived from the South Beach tide gauge (the longest temporal rec-
ord), with a mean range of 1.91 m (6.3 ft) and a diurnal range of 2.54 m (8.3 ft). The highest tide measured
from this record reached 3.73 m (12.2 ft), recorded in December 1969 during a major storm. These values
are comparable to those measured at the Garibaldi site (mean = 1.9 m, diurnal = 2.53 m), nearest to Can-
non Beach, with the only real difference being that the Garibaldi gauge recorded a peak water level of 3.64
m (11.9 ft) in December 2005 due to its shorter record; the Garibaldi gauge began tide measurements in
July 2005.
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Figure 2. Daily tidal elevations measured at South Beach (Newport) on the central Oregon coast.
Data from National Ocean Service (NOS) (http://www.co-ops.nos.noaa.gov/waterlevels.html
?id=9435380).
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Tides on the Oregon coast tend to be enhanced during the winter months due to warmer water tem-
peratures and the presence of northward flowing ocean currents that raise water levels along the shore;
the effect persists throughout the winter rather than lasting for only a couple of days as is the case for a
storm surge. This effect can be seen in the monthly averaged water levels derived from the combined time
series (Figure 3), but where the averaging process has removed the water-level variations of the tides,
yielding a mean water level for the entire month. The results in Figure 3, from 50 years of data, show that
on average monthly-mean water levels during the winter are nearly 25 cm (0.8 ft) higher than in the sum-
mer. Water levels are most extreme during El Nifio events, due to an intensification of the processes,
largely, enhanced ocean sea surface temperatures offshore from the Oregon coast. This occurred particu-
larly during the unusually strong 1982-1983 and 1997-1998 El Nifios, and most recently in the 2015-2016
El Nifio. As seen in Figure 3, water levels during those climate events were approximately 25 to 30 cm
(0.8 to 1 ft) higher than the seasonal peak, and as much as 56 cm (1.8 ft) higher than during the preceding
summer. These water levels enabled wave swash processes to reach much higher elevations on the beach
during the winter months, with storm surges potentially raising water levels still further.
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Figure 3. Seasonal cycles in monthly-mean water levels based on data from the South Beach
tide gauge (1967-2017).
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Aside from seasonal to interannual effects of climate events on ocean water levels, also of interest are
the long-term trends associated with relative sea level changes on the Oregon coast. Figure 4 presents
results from an analysis of the Newport time series based on a separate analysis of the summer and winter
tide levels (Komar and others, 2011). For our purposes “winter” is defined as the combined average tide
level measured over a 3-month period around the peak of the seasonal maximum in winter water levels,
typically the months of December through February. Similarly, “summer” water levels reflect the com-
bined average tide level measured over a 3-month period around the seasonal minimum, typically the
months of May through July when water levels also tend to be less variable. As observed previously in
Figure 3, the winter tidal elevations are systematically displaced upward by about 25 cm (0.8 ft) above
the summer elevations, with the difference between the two regression lines reflecting the seasonal
change in ocean water levels from summer to winter. The winter patterns presented in Figure 4 also
emphasize the extremes associated with major El Nifios. In contrast, the summer regression line is char-
acterized by significantly less scatter in the residuals because it effectively excludes the influence of
storms and El Nifios that are dominant during the winter. By using this approach, it can be seen that the
central Oregon coast is currently being transgressed by rising sea level at a rate of ~0.85 + 0.77 mm/yr.
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Figure 4. The trends of “winter” (red) and “summer” (blue) mean-sea levels (MSL) measured by
the South Beach tide gauge. Results for the summer regression are statistically significant, while
the estimated winter rate is not significant at the 95% confidence level (updated plot of Komar and
others, 2011). RSL is relative sea level; RMSE is root mean square error.
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2.2.1 Projected Future Sea Levels for the Oregon Coast

In 2012 the National Research Council completed a major synthesis of the relative risks of sea level rise
on the U.S. West Coast (NRC, 2012). The consensus from that report is that sea level has risen globally by
on average 1.7 mm/yr, while rates derived from satellite altimetry indicate an increase in the rate of sea
level rise to 3.28 mm/yr since 1993; regional estimates for the North Pacific indicate that mean sea level
is increasing at a slightly lower rate of 2.7 mm/yr (Aviso, 2017). By combining knowledge of glacial iso-
static rebound (the rate at which the earth responds to the removal of ice from the last glaciations), re-
gional tectonics, and future temperature patterns, the NRC committee concluded that the mid-range
forecast for mean sea level on the Oregon coast would increase by approximately 0.64 m (2.1 ft) by 2100
(NRC, 2012). Table 1 presents a summary of the NRC findings for the Central Oregon coast, including the
uncertainty range, which varies significantly depending on the modeled global temperature change pro-
jected for the future. As can be seen from the table, the upper projected range suggests an increase in
regional sea level of 1.43 m (4.7 ft) by 2100.

Projections of future sea level assume that sea level is uniform year round. However, as noted previ-
ously, sea level on the Oregon coast exhibits a pronounced seasonal cycle of about 25 cm (0.8 ft) between
summer and winter, increasing to as much as 60 cm (2 ft) in response to the development of a strong El
Nifio. Thus, when combined with projected future increases in regional sea level, it becomes apparent that
the potential increase in sea level could be substantially greater depending on the time of year (Figure 5).
For example, by 2100, sea level during an El Nifio winter will have increased by a total of 2 m (6.6 ft); this
change would raise the mean shoreline position by 2 m as well, as the shoreline shifts upward and land-
ward as beaches respond to the change in mean water levels.
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Table 1. Projected sea level rise for the central Oregon coast.
Data from National Research Council (NRC, 2012).

Project Sea Level Rise

(m) (ft)
2030 Projection 0.06 0.2
Range -0.03t00.21 -0.1t0 0.7
2050 Projection 0.18 0.6
Range -0.02t0 0.49 -0.07to 1.6
2100 Projection 0.64 2.1
Range 0.12to0 1.43 0.4to4.7

Figure 5. Projected future changes in regional mean sea levels (MSL) on the Oregon coast. Sea level change data
from National Research Council (NRC, 2012). IPCC is the Intergovernmental Panel on Climate Change.
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Finally, it isimportant to appreciate that the trends shown in Figure 4 reflect relative sea level changes
due to the fact that the Pacific Northwest (PNW) coast of Oregon and Washington is locally influenced by
changes in the elevation of the land due to regional tectonics as well as by the global rise in sea level, with
the net change being important to both coastal erosion and flood hazards.
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Figure 6 presents a synthesis of both tectonic land elevation changes and sea level trends derived for
multiple stations along the PNW coast (Komar and others, 2011), correlated against differential surveys
of first-order National Geodetic Survey (NGS) benchmarks (e.g., Burgette and others, 2009) and GPS CORS
(Continuously Operating Reference Station) stations. Results here indicate that in general the southern
Oregon coast is an emergent coast with tectonic uplift of the land outpacing sea level rise. In contrast, the
central to northern Oregon coast is slowly being transgressed by the rising sea exceeding the tectonic
uplift of the land. In the far north in Clatsop County, the overall pattern suggests that this portion of the
coast varies from slight submergence in the Cannon Beach littoral cell to emergent in the north along the
Clatsop Plains. From NRC (2012) projected changes in regional mean sea level, it can be expected that
areas presently classified as emergent (e.g., the southern Oregon coast) will become submergent as the
rate of sea level rise surpasses tectonic uplift. Furthermore, erosion and flood hazards on the northern
Oregon coast will almost certainly accelerate, increasing the risk to property.

Figure 6. Assessments of changes in relative sea level (RSL) based on tide-gauge records
compared with benchmark (Burgette and others, 2009) and Global Positioning System (GPS)
measurements of land-elevation changes, with their corresponding RSL rates obtained by adding
the 2.28 mm/yr Pacific Northwest eustatic rise in sea level (Komar and others, 2011). Note: Sta-
tion P407 is located near Cannon Beach and indicates approximately the northern extent of the
current rate of sea level transgression (rise).
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2.3 Waves

Along dune- and bluff-backed shorelines, waves are the major process affecting the shape and composi-
tion of beaches. Waves transport sand onshore (toward the beach), offshore (seaward to form nearshore
bars, etc.), and along the beach (longshore transport). Short-term beach and shoreline variability (i.e.,
storm related changes) is directly dependent on the size of the waves that break along the coast, along
with high ocean water levels and cell circulation patterns associated with rip currents. In contrast, long-
term shoreline changes are dependent on additional factors including the balance in the beach sediment
budget, changes 